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O R I G I N A L  R E S E A R C H
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Department of Medicine, Duke University School of Medicine, Durham, NC, USA
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Purpose: Depression and other aspects of emotional health in people with HIV (PWH) can affect functional independence, disease 
progression, and overall life quality. This study used the NIH Toolbox Emotion Battery (NIHTB-EB), which assesses many features of 
emotional health, to more comprehensively investigate differences among adults living with and without HIV, and to identify factors 
associated with emotional health for PWH.
Patients and Methods: Participants (n=1451; age: M=50.19, SD=16.84; 47.90% women) included 433 PWH living in southern 
California seen from 2003 to 2021 (64.72% AIDS, 92.25% on antiretroviral therapy) and 1018 healthy participants from NIHTB-EB 
national normative cohort. Participants completed the NIHTB-EB and PWH underwent comprehensive HIV disease and psychiatric 
evaluations. We investigated differences in emotional health by HIV status via independent samples t-tests (continuous scores) and 
Chi2 tests (“problematic” emotional health scores). Multivariable linear regression models examined correlates of emotional health 
among PWH.
Results: PWH had significantly worse emotional health than people without HIV across Social Satisfaction (Cohen’s d=0.71, 
p<0.001), Psychological Well-Being (Cohen’s d=0.49, p<0.001) and Negative Affect (Cohen’s d=0.19, p<0.01) summary T-scores, 
and most component scales. PWH also had higher rates of “problematic” emotional health, particularly in Social Satisfaction (45% vs 
17%, p<0.0001). Poor emotional health among PWH was associated with lifetime Major Depressive and Substance Use Disorders, 
relationship status (lost relationship versus in relationship), unemployment, and cognitive difficulties and loss of functional 
independence.
Conclusion: The NIHTB-EB identified that difficulties with multiple aspects of emotional health are common among PWH, and 
appear to be relatively independent of cognitive impairment as well as HIV disease and treatment history, but are strongly associated 
with everyday functioning. Given the cross-sectional nature of this study, longitudinal studies should be employed to evaluate causality 
pertaining to predictors of emotional health in PWH. These findings may inform interventions to promote emotional wellbeing in 
PWH.
Keywords: social relationships, depression, emotional health, positive factors, HIV infection

Introduction
Though modern antiretroviral treatment (ART) has vastly improved HIV-associated medical morbidity and mortality, 
people with HIV (PWH) still contend with the ramifications of the condition. Depression and anxiety are common among 
PWH, with reported rates across these conditions being two- to four-fold higher than for people without HIV (PWoH).1,2 

Similarly, studies have shown that PWH report greater loneliness and perceived stress, as well as lower levels of meaning 
and purpose.3–5 Various factors may contribute to the increased likelihood of poorer emotional health among PWH. 
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Adverse HIV-disease characteristics, such as delays in diagnosing infection and initiating antiretroviral therapy, have 
been associated with significantly higher odds of neurobehavioral difficulties that include both cognitive and emotional 
features.6,7 These features may not be independent, as HIV-associated neurocognitive disorder (HAND) and poorer daily 
functioning, both common among PWH, have been linked to worse depressive symptoms.8,9

Sociodemographic characteristics of PWH, including older age, unemployment, being born outside the US, and Black 
race/ethnicity have been associated with greater odds of depression.6,10 Further, there are various socioemotional and 
psychological factors prevalent in PWH that are known to increase the likelihood of depressive symptoms, such as prior 
trauma, experience of HIV-related stigma, sleep disturbance, perceived stress, lack of access to healthcare, and lower 
self-efficacy.11–17 On the other hand, several protective factors may mitigate the impact of living with HIV on adverse 
emotional health. For example, sense of belonging and perceived collective resilience, higher individual resilience, HIV- 
related optimism, and social support are factors that have been linked to better emotional health among PWH.3,6,18

Examining emotional health in PWH is important in relation to HIV treatment, particularly medication adherence. 
A meta-analysis of 29 studies involving PWH suggested that prevalence of mental health diagnoses and specifically 
having depression were associated with worse adherence to HIV treatment, and that receiving mental health treatment for 
depression was associated with greater likelihood of ART adherence than those who do not receive depression 
treatment.19,20 Higher positive affect in PWH is also associated with an increased likelihood in seeking HIV treatment, 
improved pain management, and viral suppression.20–22 While these prior studies provide important information about 
emotional health in PWH, they tend to use non-comprehensive measures, such as short-form scales or focus solely on 
negative aspects of emotion without addressing the effects of positive emotion. There may be aspects of emotion that 
short-form or negative emotion-centered measures do not capture well.

The NIH Toolbox Emotion Battery (NIHTB-EB) is an efficient, computer administered tool that evaluates a wide 
range of emotional functions. It consists of 17 individual scales and three summary scales that assess both positive and 
negative aspects of emotional functioning.23 The Toolbox could prove useful in efficiently detecting the presence of both 
poor emotional health, as well as emotional strengths in PWH.

To our knowledge, no research has yet assessed whether the NIHTB-EB summary scores or individual scales are 
comparable between healthy controls and PWH, or investigated the prevalence of problematic emotional health scores in 
a large sample of PWH. Therefore, we aimed to: 1) compare average and problematic emotional health (summary scores 
for Negative Affect, Social Satisfaction, Psychological Well-Being, and associated individual scales) between PWH and 
healthy adults; and 2) identify neurocognitive, sociodemographic and psychiatric factors that are associated with 
emotional health and risk of problematic emotional health among PWH. Due to high rates of depression, stigma, and 
other adverse socioemotional factors associated with living with HIV, we hypothesized that PWH would have signifi-
cantly lower psychological well-being and social satisfaction summary T-scores, significantly higher levels of negative 
affect, and a higher prevalence of problematic emotional health than healthy controls. We also hypothesized that minority 
racial/ethnic identity, lower education level (a possible proxy for lower socioeconomic status and associated stress risk), 
more advanced HIV disease, and lifetime history of psychiatric comorbidities would predict worse emotional health 
among PWH.

Materials and Methods
Participants
Participants included 433 PWH and 1018 healthy adults. PWH were adults ages 18 to 87 enrolled in cohort studies at the 
University of California San Diego HIV Neurobehavioral Research Program (HNRP) between 2003 and 2021 who had 
completed the NIHTB-EB as part of their respective studies. All study procedures were approved by the UCSD Human 
Subject Protection Program (Study #s: 171024, 141702, 151568, 182064, 172092, 160075). Written informed consent 
was obtained from all study participants. Recruitment criteria were similar across studies, but where most studies 
excluded for severe confounds (ie Severe LOC > 30 minutes, non-HIV neurologic disorders), two studies did not. 
Despite this difference, PWH participants did not differ by study on the three summary scores (Negative Affect, Social 
Satisfaction, Psychological Well-Being). Exclusion criteria for PWH in the present analyses were missing data for more 
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than one of the three summary scores in the NIHTB-EB and not being primarily English-speakers. All study participants 
were compensated for their participation. Compensation was based on the extent and number of studies procedures 
completed.

Healthy controls were participants from the NIH Toolbox national normative sample, ages 18–85.23 As part of the 
recruitment efforts of the normative study, these participants were healthy, community dwelling individuals randomly 
selected through databases compiled by market research companies and screened for being able to complete all of the 
NIHTB toolbox batteries, including emotion, cognition, sensory, and motor (with or without assistive devices), and able 
to follow directions in English (for further details see Babakhanyan et al, 2018; Beaumont et al, 2013). Participants were 
compensated for their participation.

Materials and Procedures
Demographic information (ie, age, sex/gender, race/ethnicity, and years of education) was gathered via self-report for all 
participants. PWH completed comprehensive and standardized HIV disease, neurocognitive, and psychiatric evaluations. 
All data included in this manuscript were obtained in compliance with the Helsinki Declaration and approved by the 
ethics committee of the UCSD Institutional Review Board. Participants provided written informed consent prior to their 
enrollment in the study.

NIH Toolbox Emotional Health
Emotional Health was measured by the NIHTB-EB.23,25 This battery is comprised of 17 scales, which assess different 
aspects of emotional and social wellbeing. The majority of the individual scales were combined into three summary 
scores through factor analysis in prior research: Psychological Well-Being (Positive Affect, General Life Satisfaction, 
and Meaning and Purpose), Social Satisfaction (Emotional Support, Instrumental Support, Friendship, and reverse coded 
Loneliness and Perceived Rejection), and Negative Affect (Sadness, Perceived Stress, Fear Affect, Anger Affect, Anger 
Hostility).25 Four other individual scales did not fit into the summary score models and are considered supplemental: 
Perceived Hostility, Fear/Somatic Arousal, Self-Efficacy, and Anger/Physical Aggression. Individual NIHTB-EB scales 
that are intended to measure positive aspects of emotional health include Positive Affect, General Life Satisfaction, 
Meaning and Purpose, Self-Efficacy, Friendship, Emotional Support, and Instrumental Support; negative aspects are 
tapped by Sadness, Perceived Stress, Loneliness, Perceived Rejection, Perceived Hostility, Anger-Affect, Anger- 
Hostility, Anger-Physical Aggression, Fear-Affect, and Fear-Somatic Arousal. Descriptions of these individual scales 
can be found in23 or under “NIH Toolbox Emotion Measures” on the website: www.healthmeasures.net.

Raw scores for each individual scale were converted into T-scores using 2010 US census-weighted demographic data 
for the average English speaker in the US.24 The T-scores therefore reflect an individual’s socioemotional health as 
compared to an average English-speaking adult in the US. To generate summary scores, researchers weighted each 
individual scale score by the confirmatory factor analysis loadings, then averaged across scales in that latent domain.23 

Our primary analyses considered the three NIHTB-EB summary scores and 17 individual component subscales as 
outcomes. Summary T-scores beyond one standard deviation from the normative mean in the negative direction 
(Psychological Well Being T < 40, Negative Affect T > 60, Social Satisfaction T < 40) were categorized as “problematic” 
as in Babakhanyan et al, 2018 and used as outcomes in order to assess findings in a more clinically significant manner.23

Neurobehavioral Assessments of PWH
PWH completed the Composite International Diagnostic Interview (CIDI) (Version 2.1).26 Diagnoses for current 
and lifetime Major Depressive Disorder or Substance Use Disorders were assigned based on Diagnostic and 
Statistical Manual-Fourth Edition (DSM-IV) classifications. Participants who met criteria for current and/or lifetime 
abuse and/or dependence for the following substances were diagnosed with Substance Use Disorder by substance: 
alcohol, cannabis, opioids, methamphetamine, cocaine, sedatives and hallucinogens. The Beck Depression 
Inventory (Second Edition) (BDI-II) was used to evaluate presence and severity of current depressive 
symptoms.27 The BDI-II is a self-report measure on a 4-point scale, with higher scores indicating more severe 
depressive symptoms. Participants also completed self-report measures of everyday functioning, including the 
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Patient’s Assessment of Own Functioning Inventory (PAOFI) and the modified Instrumental Activities of Daily 
Living scale (IADL).28,29 The PAOFI asks participants to assess cognitive functioning difficulties experienced in 
their everyday lives with cognitive functioning across multiple domains, using a 6-point scale from “almost never” 
to “almost always” with higher scores indicating more cognitive difficulties. The PAOFI measure also contains 
a question pertaining to employment, which was used to assess associations of NIHTB-EB scores with current 
employment status. The modified IADL scale asks participants to indicate whether they need more assistance now 
than they did at their best in 13 aspects of everyday functioning; it can be scored as a continuous variable, or as 
“IADL dependent” if the participant reports needing and obtaining more help with two or more activities of daily 
living. It is scored categorically for our analyses. As part of their parent studies at the HNRP, PWH completed 
a comprehensive test battery sensitive to HIV-associated neurocognitive impairment.30,31 Raw test scores were 
calculated and converted to demographically adjusted T-scores. Individual test T-scores were then converted into 
individual deficit scores ranging from 0 to 5.32 Deficit scores were averaged across all tests in the battery to 
compute a global deficit score (GDS) to categorize neurocognitive impairment among PWH (ie, GDS ≥ 0.5 as 
globally impaired; GDS < 0.5 as unimpaired).

HIV Disease Characteristics of PWH
HIV disease-related assessments included a standardized medical interview and neurological examination, as well 
as a blood draw, cerebrospinal fluid (CSF) collection from a consenting subset, and urine sample collection to 
screen for recent substance use. AIDS status, nadir and current CD4 levels, estimated years of infection, ART 
treatment status and regimen, and months of exposure to ART were gathered by self-report. Clinical chemistry 
panels, complete blood counts, rapid plasma reagin, Hepatitis-C (HCV) antibody, and CD4+ T cells (flow 
cytometry) were run. HIV RNA levels in plasma were measured by reverse transcriptase polymerase-chain 
reaction (Roche Amplicor, v. 1.5, lower limit of quantitation 50 copies per milliliter) in a CLIA-certified clinical 
laboratory. The Veterans Aging Cohort Study Index (VACS Index) was generated; this index uses HIV disease 
characteristics (eg, HIV-1 RNA, CD4 count), biomarkers (ie, hemoglobin, viral hepatitis C infection), and age to 
predict mortality risk, but it also has been associated with risk of neurocognitive impairment.33,34

Statistical Analyses
Differences in sociodemographic characteristics between groups (age, education, gender, ethnicity/race) were assessed 
using independent sample t-tests or Chi2 tests, as appropriate. Further characteristics regarding HIV disease, psychiatric 
history, and IADL status were evaluated for participants with HIV. For Aim 1, we employed independent sample t-tests 
and effect sizes (Cohen’s d) to examine differences in average NIHTB-EB scores (summary and individual scales) by 
HIV status, using an alpha of p < 0.01 due to our large sample sizes. Chi2 tests were used to assess differences in 
problematic summary T-score prevalence between groups. To investigate sociodemographic, clinical and functional 
variables associated with emotional health among PWH in Aim 2, we first ran univariable analyses for associations 
between individual sample characteristics (ie, sociodemographic, HIV disease, neurocognitive, psychiatric) and each of 
the three emotional summary T-scores, with an alpha of p < 0.01. For the factors showing univariable associations with 
any NIHTB-EB summary T-score, we ran separate multivariable linear regression models on each emotional outcome to 
identify any two-way interaction effects p < 0.01. Three final multivariable linear regression models were run for 
predicting NIHTB-EB summary scores, including variables that were univariably associated with the emotional health 
outcome of interest and any significant two-way interactions among these variables. Interaction terms and variables that 
were not significantly associated with the emotional health summary score at p < 0.01 were removed and the model was 
re-run. Significant interaction terms at p < 0.05 in the final models were followed up by stratified models to clarify these 
relationships. Analyses were completed using JMP software package (version 16.0.0). R version 3.5.0 was used to create 
figures.
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Results
Descriptive Statistics
Comparisons of demographic information by HIV status are provided in Table 1. While the groups had comparable 
levels of education, PWH were older and had higher prevalence of male gender and Hispanic ethnicity than PWoH 
(ps < 0.01). However, none of these variables were associated with NIHTB-EB summary scores within the sample 
of PWH (Table 2).

Additional characteristics for PWH are presented in Table 3. The estimated mean duration of HIV infection was 
approximately 18 years, and the majority of these participants had an AIDS classification. The median nadir CD4 cell 
count was 175/μL (IQR, 31–304 μL), while current CD4 count was 617/μL. Most of the participants were on ART and, 
among those participants, a high percent had undetectable plasma and CSF HIV viral loads. Of the 289 participants who 
provided relationship status, over 60% had lost a relationship due to death of partner (41.52%) or separation/divorce 
(20.42%), whereas 23.53% were currently married or in a relationship and 14.53% described themselves as “single.” 
A majority of participants (71.87%) met criteria for lifetime histories of a Substance Use Disorder (SUD), the most 
prevalent of which were Alcohol Use Disorder and Methamphetamine Use Disorders; only 6% of the sample met criteria 
for a Current SUD. The majority also met criteria for lifetime Major Depressive Disorder (MDD) (60.05%), with less 
than 10% having current MDD (Table 3). Almost half (47.11%) of PWH were IADL dependent, with a similar proportion 
meeting criteria for neurocognitive impairment (44.06%) based upon the GDS. The average PAOFI Total score was 5.18 
and only about one third of PWH were currently employed.

Analyses of Emotional Health (NIHTB-EB) Summary T-Scores and Individual Scale 
T-Scores by HIV Status
Table 4 depicts emotional health summary scores and individual scale scores by HIV status. Compared to the healthy 
control group, PWH reported having marginally higher Negative Affect (p < 0.01) with a quite small effect size, but 
substantially lower Social Satisfaction (p < 0.001) with a medium-to-large effect size (d = 0.71), and Psychological Well- 
Being (p < 0.001, d = 0.49) with a small-to-medium effect size.

In terms of the individual scales within the Negative Affect domain, PWH had higher Fear/Affect (related to 
anxiety) with a small effect size; Anger Hostility was statistically different, but the effect size was minimal. 
Within the Social Satisfaction domain, most individual scales evidenced medium effect sizes (Friendship, 
Loneliness, and both Emotional and Instrumental Support), with only Perceived Rejection showing a small but 
significant group difference (d = 0.32). Among scales within the Psychological Well-Being category, PWH were 

Table 1 Demographic Characteristics of the Study Cohort by HIV Status

PWH (n=433) PWoH (n=1018) pa

Age, M (SD) 53.07 (11.54) 48.96 (18.51) <0.01

Years of education, M (SD) 14.13 (2.52) 14.05 (2.55) 0.60

Male, % (n) 88.45% (383) 36.64% (373) <0.01

Ethnicity/race, % (n) <0.01

NH White 63.04% (273) 66.67% (670)

NH Black 16.85% (73) 15.42% (155)

Hispanic/Latino 17.09% (74) 12.84% (129)

Other 3.00% (13) 5.08% (51)

Note: abased on independent samples t-tests and Chi Square tests. 
Abbreviations: NH, Non-Hispanic; PWH, People with HIV; PWoH, People without HIV.
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Table 2 Univariable Associations Between Sample Characteristics and Each Emotional Summary T-Score Outcome Among PWH (n=433)

Individual Characteristics Negative Affect Summary T-Score Social Satisfaction Summary T-Score Psychological Well-Being Summary T-Score

r/d/η2, M (SD) r/d/η2, M (SD) r/d/η2, M (SD)

Sociodemographic Variables

Agea −0.08 −0.06 −0.02

Genderb −0.07 0.11 0.15

Male 52.09 (12.3) 42.30 (11.80) 44.64 (10.29)

Female 51.28 (11.4) 43.60 (12.10) 46.14 (9.46)

Ethnicity/Racec 0.00 0.01 0.00

Hispanic 52.17 (12.63) 43.90 (11.19) 45.36 (10.58)

Non-Hispanic White 52.16 (11.51) 42.70 (11.83) 44.47 (10.17)

Black 51.12 (13.03) 40.47 (11.45) 45.06 (9.28)

Other 52.65 (17.33) 40.11 (16.41) 47.50 (13.66)

Educationa −0.02 0.03 0.03

Relationship Statusc 0.01 0.04** 0.01

Married/In relationship 50.1 (12.07) 46.91 (12.95) 46.44 (10.76)

Lost relationship 51.07 (11.82) 41.14 (11.35) 44.42 (10.23)

Single 51.65 (12.41) 43.33 (12.02) 45.49 (11.54)

Sexual Identityc 0.05 0.00 0.02

Gay or bisexual 51.90 (12.03) 42.32 (11.72) 44.73 (10.18)

Straight 52.50 (12.93) 42.28 (12.23) 44.98 (10.49)

HIV Disease Characteristics

AIDS Statusb 0.00 0.11 0.10

Yes 52.04 (12.46) 42.04 (12.02) 44.39 (10.38)

No 51.82 (11.66) 43.25 (11.58) 45.40 (9.83)

Nadir CD4a 0.06 0.01 0.00

Duration of Infectiona −0.05 −0.06 −0.07

ART on/offb 0.02 0.04 0.10

On 51.97 (11.85) 42.53 (11.64) 44.00 (10.05)

Off 52.02 (15.51) 41.97 (14.00) 43.90 (11.96)

VACSa 0.02 −0.06 −0.07

Psychiatric Characteristics

LT MDDb 0.55** −0.37** −0.40**

Yes 54.60 (11.71) 40.66 (11.53) 43.11 (10.06)

No 48.08 (11.96) 45.02 (11.96) 47.17 (10.09)

BDI-IIa 0.71** −0.53** −0.63**

(Continued)
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Table 2 (Continued). 

Individual Characteristics Negative Affect Summary T-Score Social Satisfaction Summary T-Score Psychological Well-Being Summary T-Score

r/d/η2, M (SD) r/d/η2, M (SD) r/d/η2, M (SD)

LT Any Substance Dxb 0.27 −0.24 −0.29*

Yes 52.92 (11.94) 41.79 (11.42) 43.88 (10.06)

No 49.6 3(12.65) 43.98 (12.90) 46.91 (10.49)

Everyday Functioning

IADLb −0.73** 0.55** 0.66**

Independent 48.30 (11.94) 45.32 (12.34) 47.46 (10.54)

Dependent 56.52 (10.57) 39.06 (10.08) 41.20 (8.47)

GDSb 0.03 −0.22 −0.15

Impaired 53.04 (12.48) 41.21 (11.85) 43.69 (10.52)

Unimpaired 51.67 (12.14) 43.81 (11.50) 45.28 (10.36)

Employmentb −0.27 0.42** 0.39*

Employed 50.04 (11.43) 45.85 (10.67) 46.98 (10.07)

Unemployed 53.25 (12.32) 41.09 (11.67) 43.08 (9.97)

Cognitive Symptoms (PAOFI)a 0.41** −0.24** −0.28**

Notes: Effect sizes determined by aPearson r correlations tests, btwo-sample t-tests, and cANOVA. Marital Status [Lost Relationship] defined as widowed, divorced, or 
separated. *Indicates p < 0.01 **Indicates p < 0.001. 
Abbreviations: ART, antiretroviral therapy; VACS, Veterans Aging Cohort Study Index score; LT, Lifetime; Dx, Disorder; Utox, urine toxicology screening; MDD, Major 
Depressive Disorder; BDI II, Beck Depression Inventory Second Edition; IADL, Instrumental Activities of Daily Living; PAOFI, Patient’s Assessment of Ones Own 
Functioning; GDS, Global Deficit Score.

Table 3 HIV Disease, Substance Use, and Psychiatric 
Characteristics of the PWH Group

PWH (n=433)

HIV Characteristics

Estimated years of infection, M (SD) 18.35 (9.63)

AIDS status (%) 64.72%

Nadir CD4, Median [IQR] 175 [31, 305]

CD4 absolute, Median [IQR] 617 [420, 818]

% on ART 92.25%

Plasma viral load (% undetectable)a 84.05%

CSF viral load (% undetectable)a 91.45%

Months exposure to ART, M (SD) 135.81, 101.04

VACS Index, M (SD) 23.78 (17.56)

(Continued)
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worse with small-to-medium effects on Positive Affect and Meaning and Purpose, with a smaller effect (d = 0.29) 
of lower General Life Satisfaction for the PWH. Among the supplemental scales, only Self-Efficacy was worse for 
PWH, with a small effect size (d = 0.23).

Table 3 (Continued). 

PWH (n=433)

Personal Characteristics

Relationship Status (n=289) (% yes)b

Married or in relationship 23.53%

Widowed 41.52%

Divorced or separated 20.42%

Single 14.53%

Sexual Identity (n=401) (% yes)

Gay or Bisexual 81.30%

Straight 18.70%

Psychiatric Characteristics

Substance Use Characteristics (% yes)

LT Any Substance Dx 71.87%

LT Alcohol Use Dx 53.66%

LT Cannabis Use Dx 29.08%

LT Cocaine 23.40%

LT Methamphetamine Use Dx 40.90%

LT Other Drug Dx 5.91%

Current Any Substance Use Dx 6.27%

Utox+ 12.71%

LT MDD (% yes) 60.05%

BDI-II, M (SD) 10.9 (9.68)

Everyday Functioning

IADL (% dependent) 47.11% (179)

PAOFI cognitive symptoms, M (SD) 5.18 (6.40)

GDS (% cognitively impaired) 44.06% (152)

Employed (% yes) 32.24% (108)

Note: aAmong those on ART; bHereafter, Widowed and Divorced/Separated are 
classified as “Lost Relationship”. 
Abbreviations: ART, antiretroviral therapy; VACS, Veterans Aging Cohort Study 
Index score; LT, Lifetime; Dx, Disorder; Utox, urine toxicology screening; MDD, 
Major Depressive Disorder; BDI II, Beck Depression Inventory Second Edition; 
IADL, Instrumental Activities of Daily Living; PAOFI, Patient’s Assessment of One’s 
Own Functioning; GDS, Global Deficit Score.
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Given the demographic differences between HIV status groups, a subset of PWoH was randomly selected (n = 433) 
and matched with PWH based on age, gender, and ethnicity, and analyses were re-run. Results of the analyses across the 
matched groups were comparable to those of the larger unmatched sample.

Analyses of Problematic T-Scores by HIV Status
Substantially higher percentages of PWH obtained NIHTB-EB scores in a range that is considered “problematic” (potentially 
clinically significant) on the Social Satisfaction (44.8% vs 16.7%), and Psychological Well-Being (32.8% vs 15.2%) summary 
scores; the difference for Negative Affect was only slightly smaller (27.7% vs 14.0%) (all ps < 0.01) (Figure 1).

Table 4 Comparisons of NIHTB-EB Summary and Individual T-Scores by HIV Status

Emotional Health Outcome Score PWH (n=433) PWoH (n=1019) d/χ2

Negative Affect Summary Scorea 51.99 (12.15) 49.98 (9.88) 0.19**

Perceived Stressa 51.26 (11.60) 50.24 (9.76) 0.10

Anger Affecta 49.67 (11.68) 50.08 (9.99) 0.04

Anger Hostilitya 51.21 (10.46) 49.59 (10.10) 0.16**

Fear Affecta 54.21 (12.35) 50.15 (9.91) 0.38***

Sadnessa 51.74 (13.28) 50.08 (10.08) 0.15

Problematic Negative Affect Summary Scoresb, % Yes 27.65% 13.98% 36.91***

Social Satisfaction Summary Scorea 42.45 (11.82) 49.97 (10.03) 0.71***

Perceived Rejectiona 53.45 (11.45) 50.06 (10.13) 0.32***

Friendshipa 44.36 (10.51) 50.10 (9.99) 0.55***

Lonelinessa 56.49 (12.01) 49.98 (10.04) 0.61***

Emotional Supporta 43.38 (11.59) 49.98 (10.07) 0.63***

Instrumental Supporta 42.71 (10.82) 49.90 (9.90) 0.71***

Problematic Social Satisfaction Summary Scoresb, % Yes 44.80% 16.72% 127.19***

Psychological Well-Being Summary Scorea 44.81 (10.20) 49.67 (9.79) 0.49***

Positive Affecta 45.52 (9.79) 49.80 (9.74) 0.44***

General Life Satisfactiona 46.60 (11.56) 49.67 (9.91) 0.29***

Meaning and Purposea 44.77 (10.30) 49.70 (9.95) 0.49***

Problematic Psychological Well-Being Summary Scoresb, %Yes 32.79% 15.20% 53.78***

Supplemental Scales

Perceived Hostilitya 49.81 (10.52) 49.83 (10.07) 0.00

Fear/Somatic Arousala 51.48 (11.29) 49.80 (9.97) 0.16**

Self-Efficacya 47.33 (10.47) 49.63 (9.81) 0.23***

Anger/Physical Aggressiona 49.88 (9.62) 49.22 (9.50) 0.07

Notes: Negative Affect TS > 60 were labeled as “problematic”. Social Satisfaction and Psychological Well-Being TS < 40 were labeled 
“problematic”. Models were adjusted for age, gender, and ethnicity. Effect sizes determined by aIndependent sample t-tests and bChi 
Square tests. **Indicates p < 0.01, ***Indicates p < 0.001 based on independent sample t-tests.
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Univariable Analyses of Associations Between Individual Characteristics and 
NIHTB-EB Summary T-Scores Among PWH
For PWH, Table 2 presents results of univariable analyses between emotional health summary scores and sociodemo-
graphic, HIV disease, psychiatric and neurocognitive characteristics, as well as measures of everyday functioning. 
Sociodemographic information, HIV disease characteristics, and neurocognitive impairment were not significantly 
associated with any of the emotion summary T-scores. Having a history of lifetime, major depressive disorder was 
significantly associated with worse scores on all three NIHTB summary measures. Worse NIHTB-EB Negative Affect 
also was related to worse current depressed mood (higher BDI-II), as well as with IADL dependence and experience of 
cognitive difficulties in everyday life. IADL dependence and cognitive symptoms were significantly associated with all 
three summary scores. The group of PWH (14.53%) who described themselves as “single” did not have significant 
differences in Social Satisfaction from those either in or who have lost a relationship, and thus were excluded from 
multivariable analyses to further investigate the significant differences seen between those who were currently in 
a relationship and those who had lost one. Having a history of lifetime Any Substance Use Diagnosis was related to 
significantly lower Psychological Well-Being than those without such a history. Finally, being employed was significantly 
associated with greater Social Satisfaction and Psychological Well-Being summary scores.

Interactions Between Characteristics on Summary T-Scores in PWH
An interaction between depressed current mood (BDI-II) and IADL dependence was found to be significant for both 
Negative Affect (b = −0.36, 95% CI = −0.56 to −0.16, p<0.001) and Psychological Well-Being (b = 0.42, 95% CI = 0.23 
to 0.61, p<0.001). For Negative Affect, individuals with independent IADLs had a stronger correlation between BDI-II 
and Negative Affect (b = 1.06, 95% CI =0.91 to 1.21, p < 0.0001) than those with dependent IADLs (b = 0.70, 95% CI 
=0.56 to 0.84, p < 0.0001) (Figure 2). Similarly, for PWH who were either independent or dependent in their IADLs, an 
increase in BDI-II was associated with a decrease in Psychological Well-Being, but those with independent IADLs had 
an even stronger correlation between BDI-II and Psychological Well-Being (b = −0.86, 95% CI =−1.00 to −0.71, p < 
0.0001) than those with dependent IADLs (b = −0.44, 95% CI = −0.56 to −0.31, p < 0.0001) (Figure 3). No significant 
interactions were found for Social Satisfaction. Significant interactions for Negative Affect and Psychological Well- 
Being were included in their respective multivariable models.

Figure 1 Prevalence of problematic emotional summary T-scores by HIV status.
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Figure 3 Interaction between IADL status and BDI-II score on Psychological Well-Being summary score. 
Abbreviation: IADL, Instrumental Activities of Daily Living.

Figure 2 Interaction between IADL status and BDI-II score on Negative Affect summary score. 
Abbreviation: IADL, Instrumental Activities of Daily Living.
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Multivariable Models with Interaction and Main Effects on Summary T-Scores in PWH
Table 5 presents results of the three final multivariable prediction models for the NIHTB-EB summary scores. The initial 
model for Negative Affect included all variables and the interaction term associated with this summary T-Score. We then 
removed PAOFI Total as it was not significant (p = 0. 58) within the context of the multivariable model, and the model 
was re-run. In the final model on Negative Affect summary scores, a history of lifetime Major Depressive Disorder was 
associated with worse current Negative Affect, and there was a significant interaction between IADL and BDI-II, which 
is depicted graphically in Figure 2. A follow-up stratified model by IADL status indicated that, for those who reported 
dependence in their IADLs, higher BDI-II resulted in significantly higher Negative Affect (R2 = 0.43, b = 0.70, 95% CI = 
0.56 to 0.84, p < 0.001); however, for those with independent IADLs, there was an even stronger positive association 
between BDI-II and Negative Affect (R2 = 0.55, b = 1.03, 95% CI = 0.88 to 1.18, p < 0.001).

For Social Satisfaction, the first model included all variables univariably associated with Social Satisfaction. We 
removed PAOFI Total, decreases in IADL independence, lifetime MDD and employment status, as they were not 
significantly and uniquely associated with Social Satisfaction (ps > 0.05), and re-ran the model. Final results (Table 5) 
shows that BDI-II was negatively associated with Social Satisfaction (p < 0.001), and people who had lost romantic 
relationships (ie, Divorced, Separated, or Widowed) reported lower Social Satisfaction than those who were in relation-
ships (ie, Married/in a relationship) (p < 0.01) (Table 5).

Finally, Table 5 shows the results of the multivariable model for Psychological Well-Being. We removed PAOFI Total 
and employment status due to lack of independent significance (ps > 0.05). In the final model, diagnoses of lifetime 
MDD and lifetime Any Substance Diagnosis were independently associated with significantly lower Psychological Well- 
Being, and there was a

significant interaction between IADL status and BDI-II (depicted graphically in Figure 3). For those with dependent 
IADLs, greater BDI-II was related to lower Psychological Well-Being (R2 = 0.30, b = −0.43, 95% CI = −0.55 to −0.32, 

Table 5 Multivariable Linear Models Predicting Emotional Summary T-Score Outcome by 
Sample Characteristics and Two-Way Interactions

Coefficient (95% CI) t, df p

Negative Affect Summary Score

LT MDD [YES] 2.67 (0.79 to 4.56) (t = 2.79, df=1) <0.01*

IADL [dependent] 2.04 (0.06 to 4.01) (t = 2.03, df=1) <0.05*

BDI-II 1.02 (0.88 to 1.17) (t = 13.49, df=1) <0.001*

BDI-II x IADL −0.33 (−0.53 to −0.12) (t = −3.18, df=1) <0.01*

Social Satisfaction Summary Score

Relationship Status [Lost a relationship] −4.85 (−7.78 to −1.93) (t = −3.27, df=1) <0.01*

BDI-II −0.64 (−0.80 to −0.50) (t = −8.64, df=1) <0.0001*

Psychological Well-Being Summary Score

LT MDD [YES] −2.50 (−4.23 to −0.78) (t = −2.85, df=1) <0.01*

IADL [dependent] −1.78 (−3.58 to 0.02) (t = −4.56, df=1) 0.05

LT Any Substance Dx [YES] −2.93 (−4.79 to −1.08) (t = −3.11 df=1) <0.01*

BDI-II −0.79 (−0.93 to −0.65) (t = −11.27, df=1) <0.001*

BDI-II x IADL 0.35 (0.16 to 0.54) (t = 3.68, df=1) <0.001*

Notes: Marital status [Lost relationship] defined as separated, divorced, or widowed. *Indicates p < 0.05.
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p < 0.001), but an even stronger negative relationship existed for those with independent IADLs (R2 = 0.48, b= −0.79, 
95% CI = −0.94 to −0.64, p < 0.001).

Discussion
We hypothesized that on the NIHTB-EB, PWH would have lower Social Satisfaction, lower Psychological Well-Being, 
higher Negative Affect, and a higher prevalence of problematic summary scores than people without HIV. Our analyses 
indicated that across all three summary scores of the NIHTB-EB, PWH reported poorer emotional health and had 
consistently higher rates of problematic emotional health scores than people without HIV. We found similar differences 
between HIV status among most of the 17 individual scales of the NIHTB-EB. A notable exception is that the PWH in 
this sample did not evidence adverse findings on the NIH-TB Sadness, Anger Affect and Perceived Stress components of 
the “Negative Affect” factor, nor on the Perceived Hostility or Anger/Physical Aggression supplemental scales. In 
particular, the lack of problematic “Sadness” would not have been expected given the high rate of lifetime MDD and 
evidence of currently depressed mood on the BDI-II; however, few of the PWH in this sample met criteria for current 
MDD, and scores on the NIHTB-EB Sadness scale were positively related to those on the BDI-II (r = 0.68, p < 0.0001).

To our knowledge, this is the first study that has used the full NIHTB-EB to examine patterns of emotional health and 
their predictors in PWH. The current findings generally support prior research indicating that PWH have more 
problematic emotional health than their peers within the general population.4,35,36 The fact that the PWH evidenced 
much more difficulty on some NIHTB-EB scales (eg, those reflecting problems and unhappiness with their social 
relationships) than others (eg, reflecting anger and hostility) speaks to the apparent specificity of individual scales and the 
potential clinical value of measuring a broad range of emotional health factors. As a further example of specificity of the 
NIHTB-EB components, relationship status among PWH was strongly related to Social Satisfaction, but was essentially 
unrelated to Negative Affect or Psychological Well Being. This suggests that relationship status is specifically related to 
Social Satisfaction, rather than tied to mental health more broadly.

The present study found that for those who are dependent in their IADLs, as compared to those who are independent 
in their IADLs, a higher level of depressed mood is less strongly associated with poor Negative Affect and Psychological 
Well-Being. Previous work within PWH has examined the relationship between functional status and depression, 
demonstrating that reported IADL dependence and depression are associated with unemployment and disability.37 As 
depression is a common comorbidity found in PWH, it would be important to further investigate its relationship to 
functional status and emotional health. Our analyses also illustrated significant associations with each summary score and 
lifetime diagnosis of psychiatric comorbidities, specifically lifetime Major Depressive Disorder and any Substance Use 
Disorder. The NIHTB-EB measures were shown to be related to these diagnostic conditions but still capture features 
outside of these clinical diagnoses, illustrating that the NIH Toolbox can give a broader understanding of emotional 
health, one which includes both positive and negative emotion. Lastly, as discussed above, we found that relationship 
status (In Relationship versus Lost Relationship) was related to Social Satisfaction. To our knowledge, no prior research 
has assessed the correlation between self-reports of relationship status and Social Satisfaction in PWH. However, some 
previous research has indicated that quality of personal relationships is associated with level of perceived social support, 
which is in turn related to mental health.38,39 If, as this research indicates, not being in a relationship significantly reduces 
Social Satisfaction, specifically or especially in PWH, future research should develop psychosocial interventions that 
might be used to improve social functioning aspects of emotional health in this population.

We also hypothesized that minority racial/ethnic identity, lower education level and more advanced HIV disease 
progression would predict worse emotional health among PWH. Contrary to these expectations, differences in racial/ 
ethnic identity, education level, and HIV disease variables were not significantly related to emotional health summary 
scores. A majority (63%) of our participants living with HIV were Non-Hispanic (NH) Whites, but minorities were also 
well represented (N = 160; Table 1) and they did not evidence any worse emotional health than did their NH White 
counterparts (Table 2). Finally, over 80% of our sample living with HIV were on virally suppressive ART, reflecting 
a level of well-managed HIV disease, which may have contributed to lack of association between HIV disease 
characteristics in our sample and lower levels of emotional health.
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This study has limitations. Our data for PWoH only consisted of the NIHTB-EB and basic demographic variables; 
thus, we could not compare other factors such as psychiatric comorbidities, IADLs and relationship status between HIV 
status groups, and observed associations between these factors and emotional health cannot be considered to be specific 
to PWH. Additionally, our samples were limited to English-speaking individuals and therefore our results cannot be 
generalized beyond this group of PWH. Future studies should examine these differences in populations of primary 
Spanish speakers and people with other language backgrounds, many of whom may face exacerbating factors pertaining 
to HIV. For example, Spanish-speaking Hispanic PWH have been found to face more stigma, and are more likely to have 
HIV diagnosed and treated later in their disease progression.40–42 These cumulative factors can impact HIV trajectories, 
so examining emotional health in minority and non-English speaking populations is vital.45 In the current analyses, we 
used individual scale scores and summary scores based on factor analysis in a normative population sample.43,44 Future 
research should examine the factor structure among PWH to ensure the generalizability of the factors identified in the 
national normative group. As our study was not focused on understanding the intersection between various identities (ie 
gender, sexual orientation, race/ethnicity, socioeconomic status) and associated differences in emotional health among 
diverse PWH, we recommend additional research to investigate these relevant combinations. Also, future longitudinal 
cohort studies should be conducted in order to better establish the directionality of our findings in PWH, particularly of 
the predictors of emotional health in this population. Despite these limitations, this study had numerous strengths, 
including the large sample size for both PWH and PWoH, and comprehensive data for PWH regarding neurocognitive 
and functional status, history of HIV disease and treatment, as well as psychiatric and substance use history.

Conclusion
Results of this study suggest that PWH experience a higher risk of emotional health difficulties and higher rates of 
problematic emotional health conditions than people without HIV. Specifically, psychiatric comorbidities, functional 
status, and relationship status were related to worse self-rated emotional health in PWH, which in turn may be manifested 
as poorer everyday functioning and quality of life. Future longitudinal studies should compare predictors of emotional 
well-being between people with and without HIV, particularly addressing causal effects of the associations reported here. 
These findings, as well as the assessments from the NIH Toolbox Emotion Battery, may inform future psychosocial 
interventions to promote wellbeing in people with HIV.
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