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Abstract 
Objective  To assess overall and by neighborhood risk environments whether multilevel resilience resources were associated 
with HIV virologic suppression among African American/Black adults in the Southeastern United States.
Setting and Methods  This clinical cohort sub-study included 436 African American/Black participants enrolled in two 
parent HIV clinical cohorts. Resilience was assessed using the Multilevel Resilience Resource Measure (MRM) for African 
American/Black adults living with HIV, where endorsement of a MRM statement indicated agreement that a resilience 
resource helped a participant continue HIV care despite challenges or was present in a participant’s neighborhood. Modified 
Poisson regression models estimated adjusted prevalence ratios (aPRs) for virologic suppression as a function of categorical 
MRM scores, controlling for demographic, clinical, and behavioral characteristics at or prior to sub-study enrollment. We 
assessed for effect measure modification (EMM) by neighborhood risk environments.
Results  Compared to participants with lesser endorsement of multilevel resilience resources, aPRs for virologic suppression 
among those with greater or moderate endorsement were 1.03 (95% confidence interval: 0.96–1.11) and 1.03 (0.96–1.11), 
respectively. Regarding multilevel resilience resource endorsement, there was no strong evidence for EMM by levels of 
neighborhood risk environments.
Conclusions  Modest positive associations between higher multilevel resilience resource endorsement and virologic suppres-
sion were at times most compatible with the data. However, null findings were also compatible. There was no strong evidence 
for EMM concerning multilevel resilience resource endorsement, which could have been due to random error. Prospective 
studies assessing EMM by levels of the neighborhood risk environment with larger sample sizes are needed.
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Introduction 

African American/Black people are the racial and ethnic 
group most adversely impacted by HIV in the USA. Rep-
resenting only 13% of the US population, African Ameri-
can/Black people ≥ 13 years of age comprise nearly half 
of all persons with diagnosed HIV [1, 2] and experience a 

disproportionate burden of HIV virologic failure, morbidity, 
and mortality [3–5].

Systemic racism contributes to racial disparities in HIV 
outcomes [6–9]. For example, disadvantage in predomi-
nantly Black neighborhoods is largely due to systemic rac-
ism embedded in historical and current housing policies 
(e.g., residential segregation) [10–12] and is a robust cor-
relate of HIV [13, 14]. African American/Black individuals 
disproportionately reside in high-risk neighborhood envi-
ronments characterized by intentional disinvestment, socio-
economic deprivation, and/or social and physical disorder 
[2, 13–15]. Yet not all African American/Black people who 
reside in high-risk neighborhoods experience adverse HIV-
related behaviors or outcomes [16, 17]. This suggests that 
resilience resources (i.e., factors both internal and external to 
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the individual that promote positive behaviors and outcomes 
despite adversity) [18–20] may help reduce racial disparities.

Resilience resources may lessen racial/ethnic HIV health 
disparities by serving as a mediator on pathways that pro-
mote positive health behaviors (e.g., care engagement and 
antiretroviral therapy (ART) adherence) [21–23] and by 
buffering the effects of adversities on physiological func-
tioning [24, 25]. Yet prior work has overwhelmingly focused 
on individual-level resilience in relation to HIV outcomes 
[26] even though resources at the non-individual-level can 
facilitate resilience among African American/Black adults 
in the USA [27–29]. Thus, there remains a critical evidence 
gap surrounding the role interpersonal, organizational, and 
neighborhood resilience resources play in improving HIV-
related behaviors and outcomes [26]. Furthermore, most 
of the available tools for examining HIV-related resilience 
were psychometrically tested among individuals less likely 
to be impacted by the epidemic (e.g., White adults who are 
not living with HIV) [30–33], thereby limiting the extent to 
which resilience resources can be understood to affect HIV 
outcomes among disproportionately impacted populations.

Using a multilevel resilience measure validated specifi-
cally for African American/Black people living with HIV 
(AA/B PLWH) [34], this sub-study assessed overall and lev-
els of the neighborhood risk environment whether endorse-
ment of multilevel resilience resources was associated longi-
tudinally with virologic suppression among AA/B PLWH in 
the Southeastern US. We hypothesized that greater endorse-
ment of resilience resources would be positively associated 
with virologic suppression, especially among African Amer-
ican/Black adults living in high-risk neighborhoods.

Methods

Study Population

African American/Black patients who met the following 
criteria and agreed to participate in the sub-study were 
included in the study population: ≥ 18 years of age; enrolled 
in the University of North Carolina (UNC) Center for AIDS 
Research HIV Clinical Cohort [35] or the University of Ala-
bama Birmingham (UAB) 1917 Clinic Cohort [36, 37] for 
at least one year; provided accompanying patient-reported 
outcome data at least once while enrolled in the parent UNC 
and UAB cohort studies; and had the ability to speak, read, 
and understand English sufficiently to complete consent pro-
cedures and study instruments. Enrollment occurred from 
September 1, 2019 to August 31, 2020 at UNC and Sep-
tember 1, 2019 to October 31, 2020 at UAB. At enrollment 
and during follow-up through either August 31, 2021 or a 
maximum of 18 months post-enrollment, self-reported data 

on resilience resources and other data (e.g., medical record 
data and self-reported housing status) were ascertained.

To maximize sample size, the study population described 
above was expanded to include UNC and UAB clinical 
cohort participants in a prior sub-study [34]. Enrollment in 
the prior sub-study was from November 1, 2018 to Novem-
ber 12, 2019 at UNC and November 1, 2018, to October 
15, 2019 at UAB. Eligibility criteria for the prior sub-study 
are detailed elsewhere [34]. Self-reported data on resilience 
resources and other data were ascertained for these prior 
sub-study participants at enrollment and during follow-up 
through a maximum of 18 months post-enrollment.

All human subjects activities for the current and prior 
sub-study were approved by Institutional Review Boards at 
UAB, UNC, and Brown University. Participants provided 
written informed consent to participate in each sub-study.

Measures

Outcome

The outcome was time-updated virologic suppression at 
enrollment or during follow-up. Consistent with prior work 
[38–40], virologic suppression was considered as a binary 
measure of achieving an HIV-1 RNA level below 50 copies/
mL (cp/mL) at a given HIV-1 RNA assessment. HIV-1 RNA 
levels below a given assay’s lower detection limit were set 
equal to half the assay’s lower limit. Levels above an assay’s 
upper detection limit were set equal to 1 cp/mL above the 
assay’s upper limit.

Primary and Secondary Exposure

The primary exposure was a self-reported, time-fixed 
measure of endorsement of multilevel resilience resources 
at enrollment based on responses to the 38-item Multilevel 
Resilience Resource Measure-Long Form (MRM-LF) [34, 
41]. The MRM-LF was developed and psychometrically 
tested among African American/Black adults living with 
HIV in the Southeastern US. The MRM-LF items demon-
strated content validity (as assessed by experts) and per-
formed well in cognitive testing. Additionally, the MRM-LF 
demonstrated strong internal consistency reliability (coeffi-
cient alpha = 0.91) and convergent validity with established 
measures [34]. The MRM-LF asks respondents how much 
they agree that specific resilience resources at the individ-
ual-, interpersonal-, or organizational-level helped them to 
continue with their HIV care despite life challenges. Exam-
ple resilience resources include “I have someone who helps 
me keep a positive attitude about living with HIV” and 
“The healthcare staff call me with reminders for appoint-
ments or medications.” The MRM-LF also asks respond-
ents how much they agree a given statement describes 



315Journal of Racial and Ethnic Health Disparities (2024) 11:313–325	

1 3

the neighborhood where they currently live. An example 
statement is “My neighborhood has religious services.” 
Item response options range from 1 (strongly disagree) to 5 
(strongly agree). To generate continuous, tertile (i.e., greater, 
moderate, and lesser), and binary (i.e., greater and lesser 
based on median split) summary measures of endorsement 
of multilevel resilience resources, valid responses were nec-
essary on at least 12/16 individual-level items, 7/9 inter-
personal-level items, 5/6 organizational-level items, and all 
neighborhood-level items of the MRM-LF [34]. The contin-
uous multilevel summary measure was created by averaging 
the non-missing MRM-LF items, with summary scores rang-
ing from 1 to 5 and higher scores reflecting greater endorse-
ment. Tertile and binary multilevel measures were created 
from the continuous measure. The secondary exposure was 
self-reported, time-fixed tertile and binary measures of level-
specific resilience resource endorsement (i.e., individual-, 
interpersonal-, organizational-, and neighborhood-level). 
Level-specific measures were created by averaging the non-
missing items for each resilience level.

Covariates

Time-fixed non-resilience covariate information included 
age (continuous), gender (male/female), sexual orientation 
(heterosexual/gay, lesbian, or bisexual), housing status (sta-
bly housed/unstably housed/homeless/other), health insur-
ance (uninsured/insured (i.e., private insurance, Medicaid, 
Medicare, or other public insurance)), at-risk alcohol use 
(yes/no), drug use (yes/no), depression (yes/no), panic syn-
drome (yes/no), other mental illness(es) (yes/no), AIDS-
defining illnesses (yes/no), years since ART initiation (con-
tinuous), CD4 cell count (cells/μL) (continuous), virologic 
suppression (yes/no), and three indices of neighborhood risk 
environments (tertiles: high/moderate/low). Covariate infor-
mation was ascertained at or prior to enrollment based on 
data availability during relevant time windows. Variables 
were selected to describe the analytic sample, minimize 
potential sources of confounding or selection bias, or explore 
effect measure modification (EMM). Potential sources of 
confounding or selection bias were discerned from a causal 
directed acyclic graph [42, 43] (not shown) that was con-
structed based on the literature, where amount of resilience 
resources was the exposure [21, 26, 44–53].

Gender and sexual orientation were captured via self-
report on the Lesbian, Gay, Bisexual, and Transgender 
(LGBT) Identity Measure [54] or from medical records. 
Current housing status was self-reported [55], and health 
insurance was obtained from medical records.

Following recommendations [56, 57] and prior work 
[58], self-reported and medical record data were combined 
for select covariates. Specifically, at-risk alcohol use was 
defined as having an alcohol abuse or dependence diagnosis 

in the medical record [59] or via self-reported alcohol use 
on the Alcohol Use Disorders Identification Test-Concise 
(AUDIT-C score ≥ 4 for men and ≥ 3 for women) [60] in the 
12 months before enrollment [61, 62]. Drug use was defined 
as having a drug-related diagnosis in the medical record or 
via self-reported use of crack/cocaine, amphetamines, or 
opioids not prescribed by a physician on the Alcohol, Smok-
ing and Substance Involvement Screening Test [63] in the 
3 months before enrollment. Marijuana use was excluded 
following prior work [57, 58]. Medical records and self-
reported depressive symptoms on the Patient Health Ques-
tionnaire (PHQ-9) [64] were used to create a binary indica-
tor of moderate to severe depression in the 2 weeks before 
enrollment [65]. Medical records and self-reported anxiety 
on the Patient Health Questionnaire (PHQ-5) [66] were used 
to create a binary indicator of the presence/absence of panic 
syndrome in the 4 weeks before enrollment. Mental health 
diagnoses other than depression and panic syndrome (e.g., 
schizophrenia and bipolar disorder) in the 4 weeks before 
enrollment were captured via medical records [67].

AIDS-defining illnesses at or two years before enrollment 
were ascertained from medical records. Participants without 
an alcohol abuse/dependence, drug use, mental health diag-
nosis, or an AIDS-defining illness in their medical record 
were considered to not have the diagnosis. Years since ART 
initiation at enrollment, last CD4 cell count (cells/μL) in 
the two years before enrollment, and virologic suppression 
for the last HIV-1 RNA measurement taken in the two years 
before enrollment were obtained from medical records. 
When a level-specific resilience resource measure was the 
exposure, the other level-specific resilience resource meas-
ures were considered as covariates.

Three census tract–level indices of the neighborhood risk 
environment at enrollment included a Neighborhood Dis-
advantage Index and Esri-derived Assault Rate and Murder 
Rate indices that were developed based on an established 
geocoding and data linkage protocol [68, 69]. The Neigh-
borhood Disadvantage Index included three indicators of 
education, unemployment, and income obtained from 2019 
American Community Survey 5-year estimates. The Index 
was normed to the national level such that a Z-score = 1 indi-
cated one standard deviation greater disadvantage than the 
national level. Assault and Murder Rate Indices were cat-
egorized by tertile where neighborhoods with an index > 100 
had an increased assault or murder risk compared to the 
national risk level.

Statistical Analyses

We excluded enrolled participants with missing values 
for required items on the MRM-LF at enrollment, without 
information for at least one of the non-resilience covariates 
at or before enrollment, or without HIV-1 RNA data at or 
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within the 5 months following enrollment. We constructed 
two time intervals during 10 months of follow-up per par-
ticipant, with time interval 1 occurring 0–5 months and 
time interval 2 occurring > 5–10 months post-enrollment. 
If a participant had more than one HIV-1 RNA measure-
ment available within a time interval, we used the last meas-
urement. Death during follow-up was considered to be a 
censored event rather than defining outcomes after death 
as being undefined [70, 71]. Specifically, if a participant 
had an available HIV-1 RNA measurement and later died 
during time interval 1, they were censored at time interval 
2 (n = 0). Participants were also censored at time interval 2 
due to death (n = 1) (e.g., died during time interval 2 prior to 
HIV-1 RNA measurement) or another reason that precluded 
an HIV-1 RNA measurement being taken during the second 
time interval (n = 153). Data on other reasons precluding a 
HIV-1 RNA measurement were unavailable but may have 
reflected missed or canceled clinic appointments.

Chi-squared and Mann–Whitney tests were used to com-
pare characteristics of included and a subset of excluded par-
ticipants, as well as to compare characteristics of included 
participants across clinic cohorts. In primary analysis for 
the overall relationship, we fit time-updated binary viro-
logic suppression as a function of the multilevel resilience 
resource summary score (tertiles or binary), time intervals, 
and/or non-resilience covariates. We used modified Pois-
son regression models fit with generalized estimating equa-
tions (GEE) to estimate prevalence ratios (PRs) for viro-
logic suppression, accounting for outcomes clustered within 
neighborhoods defined by census tract at enrollment [72]. 
We assumed that repeated outcomes for an individual were 
nested within the same census tract specified at enrollment, 
whereby clustering within neighborhoods also accounted for 
clustering within individuals [73]. The unadjusted model 
included the time-fixed multilevel resilience resource sum-
mary measure and time interval variable. The adjusted 
model additionally included all covariates to control for 
potential confounding and selection bias. During additional 
primary analyses of the overall relationship, we included 
product terms between multilevel resilience resources and 
time interval in all models to assess whether PRs differed 
by time interval. To assess for EMM by neighborhood risk 
environment during primary analyses, we added product 
terms between categorical (i.e., binary or tertiles) multi-
level resilience and the relevant neighborhood risk index 
to adjusted models that excluded multilevel resilience-time 
interval product terms. We tested for EMM by one neighbor-
hood risk index at a time. P values for product terms were 
obtained from global chi-squared tests.

Our secondary analyses used modified Poisson regres-
sion models to estimate the PR for virologic suppression 
using a tertile or binary measure of one level–specific resil-
ience resource summary measure at a time (i.e., individual-, 

interpersonal-, organizational-, and neighborhood-level). 
The same set of covariates in the primary analysis was 
included in all adjusted models, but no exposure-time inter-
val product terms were included. The approach to handling 
clustering in the primary analysis was also used during sec-
ondary analyses. We also assessed for EMM by neighbor-
hood risk environment during secondary analyses.

We used restricted quadratic splines for continuous inde-
pendent variables at 4 unequal intervals (i.e., 5th, 35th, 65th, 
and 95th percentiles) [74], indicators for categorical varia-
bles, and an independent working correlation structure in our 
outcome models. During tertiary analyses, we repeated all 
primary and secondary analyses but specified an exchange-
able correlation. We also repeated primary and secondary 
analyses using an independent working correlation structure 
but clustered within individuals and not within census tract 
at enrollment.

Our interpretation of study findings was based on compat-
ibility with the data using the point estimates, confidence 
intervals (CIs), and P values [75–78]. Specifically, we did 
not assess for evidence of an association based solely on 
whether the 95% CIs did not include the null or P values 
were < 0.05. Analyses were performed using SAS 9.4 (SAS 
Institute, Inc., Cary, NC).

Results

Figure 1 presents the exclusion criteria used to obtain our 
final analytic sample of 436 participants. Table 1 shows the 
characteristics of those who were included and excluded 
from the final analytic sample. Compared to excluded par-
ticipants, included participants had greater endorsement 
of multilevel and interpersonal-level resilience resources 
and the same degree of endorsement of individual-, organi-
zational-, and neighborhood-level resilience resources. 
Included participants were younger and on ART for a longer 
time period and had lower CD4 cell counts. The majority of 
included participants were men and heterosexual and were 
virally suppressed before enrollment. At time intervals 1 and 
2, 89.9% (392/436) and 85.1% (240/282) achieved virologic 
suppression, respectively (not shown). Online Resource 1 
shows the characteristics of included participants stratified 
by clinical cohort.

Focusing on adjusted findings henceforth, Table 2 dis-
plays the adjusted PRs (aPRs) and corresponding 95% CIs 
for virologic suppression, comparing greater versus lesser 
endorsement of multilevel resilience resources based on a 
binary measure, overall, and levels of neighborhood risk 
environments. Concerning the overall findings across time 
intervals that compared greater to lesser resource endorse-
ment, a null finding was most compatible with the data 
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(aPR = 0.99, 95% CI = 0.94–1.05). The corresponding aPRs 
in Table 2 were not meaningfully different by time interval.

Comparing virologic suppression by tertiles of multi-
level resilience resource endorsement (greater or moder-
ate versus lesser) across time intervals (Table 3) indicated 
that positive associations were most compatible with the 
data (aPR = 1.03, 95% CI = 0.96–1.11 and aPR = 1.03, 95% 
CI = 0.96–1.11, respectively). By time interval, aPRs were 
higher in time interval 2 than in time interval 1.

There was no strong evidence for EMM by neighbor-
hood risk environment for either the binary measure or 
tertiles of multilevel resilience resource endorsement 
(Tables 2 and 3). 

Online Resources 2–5 show the aPRs overall for binary 
measures of level-specific resilience resources. At times, 
modest non-null relationships between endorsement of 
level-specific resilience resources and virologic suppres-
sion were most compatible with the data (e.g., interpersonal-
level (aPR = 1.03, 95% CI = 0.97–1.11) and neighborhood 
level (aPR = 1.04, 95% CI = 0.98–1.10)). There was some 
evidence of EMM by the neighborhood risk environment 
for greater versus lesser organizational-level resilience 
resources. For example, a negative association between 
greater (versus lesser) endorsement of organizational-level 
resilience resources and virologic suppression was observed 

among participants residing in neighborhoods characterized 
by high (aPR = 0.88, 95% CI = 0.78–1.00) or moderate (aPR 
= 0.96, 95% CI = 0.87–1.05) disadvantage, while a mod-
est positive association was observed among participants 
residing in neighborhoods with low disadvantage (aPR = 
1.05, 95% CI = 0.96–1.15). There was no strong evidence 
for EMM for other level-specific resilience resources. The 
corresponding tertile analyses (Online Resources 6–9) 
provided evidence that a modest positive overall relation-
ship between greater versus lesser resilience resources and 
virologic suppression was most compatible with the data at 
the individual and neighborhood level. EMM findings from 
the tertiles analyses were similar to those from the binary 
measures of level-specific resilience resource endorsement. 
Findings from tertiary analyses did not meaningfully change 
our inferences (results not shown).

Discussion

This study, which used longitudinal data from African Ameri-
can/Black participants enrolled in two HIV clinical cohorts 
in the Southeastern US, found modest positive associations 
between greater endorsement of multilevel resilience resources 
and virologic suppression. Specifically, the overall adjusted 

Fig. 1   Exclusion criteria used 
to identify 436 participants 
included in the final analysis 
sample. *Resilience data were 
complete if at least 12 of the 
16 individual-level items, at 
least 7 of the 9 interpersonal-
level items, at least 5 of the 6 
organizational-level items, and 
all neighborhood-level items 
were not missing
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Table 1   Characteristics at or prior to enrollment for the included study participants and a subset of the excluded study participants (i.e., participants 
without HIV-1 RNA data at or within the first 5 months after enrollment)

Characteristics at or prior to enrollment Included (n = 436) Excludeda (n = 65) P valueb

N (%) or median (25th percentile, 
75th percentile)

N (%) or median (25th percentile, 
75th percentile)

Endorsement of multilevel resilience resources at enrollment
  Continuous 4.58 (4.26, 4.83) 4.53 (4.18, 4.76) 0.34

Binaryc

  Greater 222 (50.9) 31 (47.7) 0.63
  Lesser 214 (49.1) 34 (52.3)

Tertilesc

  Greater 141 (32.3) 19 (29.2) 0.47
  Moderate 153 (35.1) 20 (30.8)
  Lesser 142 (32.6) 26 (40.0)

Endorsement of level-specific resilience resources at enrollment
Continuous
  Individual-level 4.81 (4.50, 5.00) 4.81 (4.44, 4.94) 0.15
  Interpersonal-level 4.67 (4.11, 5.00) 4.44 (4.00, 4.89) 0.23
  Organizational-level 4.83 (4.37, 5.00) 4.83 (4.33, 5.00) 0.32
  Neighborhood-level 4.00 (3.43, 4.71) 4.00 (3.71, 4.43) 0.86

Binaryc

Individual-level
  Greater 243 (55.7) 35 (53.9) 0.78
  Lesser 193 (44.3) 30 (46.2)

Interpersonal-level
  Greater 205 (47.0) 27 (41.5) 0.41
  Lesser 231 (53.0) 38 (58.5)

Organizational-level
  Greater 259 (59.4) 34 (52.3) 0.28
  Lesser 177 (40.6) 31 (47.7)

Neighborhood-level
  Greater 246 (56.4) 39 (60.0) 0.59
  Lesser 190 (43.6) 26 (40.0)

Tertiles c

Individual-level
  Greater 141 (32.3) 16 (24.6) 0.41
  Moderate 143 (32.8) 22 (33.9)
  Lesser 152 (34.9) 27 (41.5)

Interpersonal-level
  Greater 134 (30.7) 14 (21.5) 0.30
  Moderate 161 (36.9) 26 (40.0)
  Lesser 141 (32.3) 25 (38.5)

Organizational-level
  Greater 199 (45.6) 25 (38.5) 0.55
  Moderate 60 (13.8) 10 (15.4)
  Lesser 177 (40.6) 30 (46.2)

Neighborhood-level
  Greater 131 (30.1) 15 (23.1) 0.45
  Moderate 147 (33.7) 26 (40.0)
  Lesser 158 (36.2) 24 (36.9)
  Age at enrollment, years 51 (38, 59.5) 53 (42, 59) 0.27

Self-reported gender at enrollment
  Female 157 (36.0) 27 (41.5) 0.39
  Male 279 (64.0) 38 (58.5)

Self-reported sexual orientation at enrollment
  Heterosexual 238 (54.6) 40 (61.5) 0.29
  Gay, lesbian, or bisexual 198 (45.4) 25 (38.5)
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AIDS, acquired immune deficiency syndrome; ART​, antiretroviral therapy; HIV, human immunodeficiency virus; HIV-1, human immunodefi-
ciency virus type 1; RNA, ribonucleic acid; PHQ, Patient Health Questionnaire
a No HIV-1 RNA data available at or within the 5 months after enrollment
b Based on the Wilcoxon–Mann–Whitney or Pearson’s χ2 test
c Binary and tertile categorization did not result in distributions of 33% and 50% in each category, respectively, due to ties at boundaries and no 
participants with the same values being included in > 1 category

Table 1   (continued)

Characteristics at or prior to enrollment Included (n = 436) Excludeda (n = 65) P valueb

N (%) or median (25th percentile, 
75th percentile)

N (%) or median (25th percentile, 
75th percentile)

Neighborhood disadvantage index at enrollmentc

  Low 156 (35.8) 16 (24.6) 0.01
  Moderate 152 (34.9) 18 (27.7)
  High 128 (29.4) 31 (47.7)

Neighborhood murder index at enrollment
  Low 150 (34.4) 21 (32.3) 0.48
  Moderate 150 (34.4) 19 (29.2)
  High 136 (31.2) 25 (38.5)

Neighborhood assault index at enrollmentc

  Low 149 (34.2) 22 (33.9) 0.82
  Moderate 148 (33.9) 20 (30.1)
  High 139 (31.9) 23 (35.4)

At-risk alcohol use at or in the year prior to enrollment
  Yes 56 (12.8) 10 (15.4) 0.57
  No 380 (87.2) 55 (84.6)

Drug use at or in the 3 months prior to enrollment
  Yes 31 (7.9) 3 (4.6) 0.60
  No 405 (92.9) 62 (95.4)

Depression at or in the 2 weeks prior to enrollment
  Yes 47 (10.8) 6 (9.2) 0.70
  No 389 (89.2) 59 (90.8)

Panic syndrome at or in the 4 weeks prior to enrollment
  Yes 33 (7.6) 2 (3.1) 0.29
  No 403 (92.4) 63 (96.9)

Other (non-depression, non-panic syndrome) mental health diagnoses at or in the 4 weeks prior to enrollment
  Yes 5 (1.2) 0 (0) 1.00
  No 431 (98.9) 65 (100)

AIDS-defining illness at or in the 2 years prior to enrollment 0.68
  Yes 11 (2.5) 2 (3.1)
  No 425 (97.5) 63 (96.9)

Health insurance status at enrollment 0.98
  Uninsured 61 (14.0) 9 (13.9)
  Insured (i.e., private insurance, Medicaid, Medicare, or other public insurance funded by 

the US government)
375 (86.0) 56 (86.2)

  Stably housed at enrollment 436 (100) 65 (100)
  Years since ART initiation at enrollment 15.1 (7.5, 21.9) 14.6 (8.2, 22.6) 0.35
  Last CD4 count (cells/μL) in the 2 years prior to enrollment 651 (412, 891) 702 (429, 900) 0.72

Virologic suppression at the last HIV-1 RNA assessment in the 2 years prior to enrollment
  Yes 374 (85.8) 57 (87.7) 0.68
  No 62 (14.2) 8 (12.3)
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findings based on tertiles indicated that African American/
Black adults with greater and moderate levels of endorsement 
of multilevel resilience resources experienced slightly more 
virologic suppression compared to participants with lesser 
resource endorsement. Concerning level-specific resilience 

resources, greater endorsement of individual- and neighbor-
hood-level resources was modestly positively associated with 
virologic suppression. Though there was no strong evidence 
for EMM by the neighborhood risk environment concerning 
endorsement of multilevel resilience resources, there was at 
times evidence of EMM for certain level-specific resilience 
resources. However, given our study’s small sample size, 
our EMM findings may be in part due to random error. If we 
assume that African American/Black individuals with greater 
endorsement have greater multilevel resilience resources and 
in turn are more resilient and more engaged in behaviors (e.g., 
sufficient ART adherence) [53, 79] that facilitate virologic 
suppression, then these findings are consistent with our prior 
hypotheses and suggest that greater resilience may be modestly 
positively associated with virologic suppression.

This study’s findings are similar to recent resilience litera-
ture in the USA. Cross-sectional data from African Ameri-
can participants in the Women’s Interagency HIV Study 
showed that individual-level resiliency skills measured 
via the Brief Resilience Scale [32] were positively associ-
ated with a higher likelihood of virologic suppression [80] 
among women reporting low HIV-related stigma (adjusted 
odds ratio (aOR) = 1.51, 95% CI = 1.00–2.27) and depres-
sive symptoms (aOR = 1.68, 95% CI = 1.04–2.70); for women 
reporting high stigma or depression, individual resiliency did 
not predict virologic improvements. Among patients in the 
HIV Research Network [81], analyses of individual resilience 
found that every five-point increase in Patient Activation 
Measure score correlated with an 8% increase in the odds 
of virologic suppression (aOR = 1.08, 95% CI = 1.00–1.17), 
with this relationship mediated by greater ART adherence 
[53]. Exploratory [79, 82] studies among African Americans 
at higher risk of adverse HIV outcomes (e.g., men who have 
sex with men) have also shown positive associations between 
individual- and community-level resilience resources and 
virologic suppression. However, these prior studies were 
cross-sectional, had small sample sizes, and focused largely 
on individual and interpersonal resilience resources. We were 
unable to find any literature that assessed the resilience–viro-
logic suppression relationship by neighborhood risk environ-
ments, which is a key contribution of the current study.

Regarding results that were most compatible with the 
data in our study, differences in measure instructions may 
have contributed to the positive resilience–virologic sup-
pression relationship that was observed for greater versus 
lesser neighborhood-level resources but not at the inter-
personal- or organizational-level overall. By asking how 
well statements concerning resilience resources described 
a respondent’s neighborhood (rather than how well resil-
ience resources helped to handle life challenges in order to 
stick with HIV care), the neighborhood-level instructions 
may have more directly captured the amount of resilience 
resources a participant possessed.

Table 2   Prevalence ratios for virologic suppression based on binary 
measures of endorsement of multilevel resilience resources, overall, 
and by neighborhood risk environments (n = 436)

Models accounted for virologic suppression outcomes being cor-
related within neighborhoods defined by census tract at enrollment, 
which should account for clustering of repeated virologic suppression 
outcomes within individuals assuming that the repeated outcomes for 
an individual are nested within the same census tract at enrollment73. 
Models were specified using an independent working correlation 
structure
a Controlling for time interval, age at enrollment, gender at enroll-
ment, sexual orientation at enrollment, neighborhood disadvantage at 
enrollment, neighborhood murder index at enrollment, neighborhood 
assault index at enrollment, health insurance status at enrollment, at-
risk alcohol use at or in the year prior to enrollment, drug use at or 
in the 3 months prior to enrollment, depression at or in the 2 weeks 
prior to enrollment, panic syndrome at or in the 4  weeks prior to 
enrollment, other mental health diagnoses at or in the 4 weeks prior 
to enrollment, AIDS-defining illnesses at or in the 2  years prior 
to enrollment, time since ART initiation, last CD4 cell count in the 
2  years prior to enrollment, and last virologic suppression status in 
the 2 years prior to enrollment
b Global P value for assessment of effect measure modification
c The coefficient for the binary measure of endorsement of multilevel 
resilience resources and time interval product term was -0.007 (P 
value = 0.89) in the unadjusted model and -0.01 (P value = 0.82) in 
the adjusted model

Prevalence ratio (95% confidence 
interval) for virologic suppression 
comparing greater versus lesser 
endorsement of multilevel resil-
ience resources

P valueb

Unadjusted Adjusteda

Overall
  Across time inter-

vals
1.00 (0.94–1.07) 0.99 (0.94–1.05)

  Time interval 1c 1.00 (0.94–1.07) 1.00 (0.94–1.06)
  Time interval 2c 1.00 (0.90–1.10) 0.99 (0.90–1.08)

Levels of neighborhood disadvantage index at enrollment
  Low - 0.98 (0.90–1.07) 0.87
  Moderate - 0.99 (0.90–1.09)
  High - 1.02 (0.91–1.13)

Levels of murder index at enrollment
  Low - 1.04 (0.95–1.13) 0.34
  Moderate - 0.93 (0.83–1.05)
  High - 1.01 (0.92–1.11)

Levels of assault index at enrollment
  Low - 1.03 (0.95–1.12) 0.53
  Moderate - 0.98 (0.87–1.09)
  High - 0.97 (0.88–1.06)
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Other limitations may have influenced our findings. First, 
there was minimal variability in resilience resource endorse-
ment and virologic suppression among study participants, 
which potentially limited our ability to fully characterize the 
resilience–virologic suppression relationship. Second, our 
study may have been subject to unmeasured sources of con-
founding or selection bias due to censoring or exclusions. 
For example, we could not adjust for stress, discrimination, 
or trauma due to lack of access to these data or considerable 
missing data [44–47, 83]. Third, our study’s overall findings 
likely also suffer from random error because of the small 
sample size. Fourth, our analytic sample combined resilience 
data ascertained both before and after the start of the COVID-
19 pandemic, which may have impacted findings. However, 

we did not stratify analyses by the pandemic start date to 
avoid further reducing our sample size. Fifth, for outcome 
clustering within neighborhoods, we did not account for par-
ticipants moving to different census tracts between outcome 
assessment in time interval 1 (which included enrollment) 
and in time interval 2. However, 95.4% (62/65) of partici-
pants with census tract information during time interval 2 
resided in the same census tract as those during time interval 
1. Last, our findings may not be generalizable to other popu-
lations with a different distribution of effect measure modifi-
ers. These effect measure modifiers may include gender (e.g., 
transgender versus cisgender) and sexual orientation (e.g., 
heterosexual versus gay, lesbian, or bisexual). Given that the 
majority of the analytic sample in this study was male and 

Table 3   Prevalence ratios for 
virologic suppression based 
on tertiles of endorsement of 
multilevel resilience resources, 
overall, and by neighborhood 
risk environments (n = 436)

Models accounted for virologic suppression outcomes being correlated within neighborhoods defined by 
census tract at enrollment, which should account for clustering of repeated virologic suppression outcomes 
within individuals assuming that the repeated outcomes for an individual are nested within the same census 
tract at enrollment73. Models were specified using an independent working correlation structure
a Controlling for time interval, age at enrollment, gender at enrollment, sexual orientation at enrollment, 
neighborhood disadvantage at enrollment, neighborhood murder index at enrollment, neighborhood assault 
index at enrollment, health insurance at enrollment, at-risk alcohol use at or in the year prior to enrollment, 
drug use at or in the 3 months prior to enrollment, depression at or in the 2 weeks prior to enrollment, 
panic syndrome at or in the 4 weeks prior to enrollment, other mental health diagnoses at or in the 4 weeks 
prior to enrollment, AIDS-defining illnesses at or in the 2 years prior to enrollment, time since ART ini-
tiation, last CD4 cell count in the 2 years prior to enrollment, and last virologic suppression status in the 
2 years prior to enrollment
b Global P value for assessment of effect measure modification
c The coefficients for the tertile measure of endorsement of multilevel resilience resources and time inter-
val product terms were 0.008 and 0.04 (global P value = 0.76) in the unadjusted model and 0.01 and 0.04 
(global P value = 0.81) in the adjusted model

Prevalence ratio (95% confidence 
interval) for virologic suppression 
comparing greater versus lesser 
endorsement of multilevel resil-
ience resources

Prevalence ratio (95% confidence 
Interval) for virologic suppres-
sion comparing moderate versus 
lesser endorsement of multilevel 
resilience resources

P valueb

Unadjusted Adjusteda Unadjusted Adjusteda

Overall
  Across time inter-

vals
1.04 (0.95–1.13) 1.03 (0.96–1.11) 1.05 (0.97–1.14) 1.03 (0.96–1.11)

  Time interval 1c 1.03 (0.96–1.12) 1.03 (0.95–1.11) 1.03 (0.95–1.12) 1.01 (0.94–1.09)
  Time interval 2c 1.04 (0.92–1.18) 1.04 (0.93–1.16) 1.08 (0.95–1.22) 1.05 (0.94–1.17)

Levels of neighborhood disadvantage index at enrollment
  Low - 1.02 (0.90–1.15) - 1.03 (0.92–1.15) 0.96
  Moderate - 1.01 (0.89–1.14) - 1.01 (0.90–1.14)
  High - 1.07 (0.94–1.22) - 1.05 (0.90–1.22)

Levels of murder index at enrollment
  Low - 1.06 (0.94–1.19) - 1.06 (0.94–1.18) 0.81
  Moderate - 0.97 (0.86–1.10) - 1.00 (0.87–1.14)
  High - 1.06 (0.93–1.20) - 1.03 (0.90–1.17)

Levels of assault index at enrollment
  Low - 1.08 (0.97–1.20) - 1.05 (0.94–1.16) 0.50
  Moderate - 1.02 (0.89–1.18) - 1.10 (0.97–1.26)
  High - 0.99 (0.88–1.11) - 0.95 (0.83–1.08)
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heterosexual and was virally suppressed prior to enrollment, 
additional research using the MRM is needed to examine 
the resilience–virologic suppression relationship by level of 
the neighborhood risk environment among populations who 
historically have been more disproportionately affected by 
the HIV epidemic, such as African American/Black women 
(transgender and cisgender) living with HIV [2, 84], African 
American/Black men who have sex with men [2], and Afri-
can American/Black adults with lower ART adherence [85].

In summary, to the best of our knowledge, this study is 
the first to rigorously examine the longitudinal relationship 
between multilevel resilience resources and HIV virologic 
suppression among African American/Black adults and to 
explore this relationship by levels of the neighborhood risk 
environment. Our findings provide some evidence of a mod-
est positive relationship between endorsement of multilevel 
resilience resources and virologic suppression and perhaps 
multilevel resilience and virologic suppression. Therefore, 
African American/Black adults living with HIV may benefit 
from resilience-building interventions that support virologic 
suppression (e.g., flexible healthcare services such as mobile 
clinics and establishments such as safe injection sites that 
help reduce public drug use [86]). Given the high levels 
of endorsement of multilevel resilience resources and viro-
logic suppression, future research should explore the resil-
ience–virologic suppression relationship for a longer time 
period (> 10 months) among a community sample who may 
not be actively engaged in HIV care. In addition, future 
studies with a larger sample size are needed to better assess 
EMM by levels of the neighborhood risk environment.
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