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Introduction: Women with HIV (WWH) have a higher risk of hypertension 
compared to women without HIV (WWoH). Exposure to adverse socioeconomic 
(e.g., area level deprivation) and psychosocial factors (e.g., stigma, inadequate 
social support) may contribute to inequities in hypertension through their 
influence on health behaviors (e.g., substance use, diet, physical activity) and 
psychophysiological (e.g., stress) responses.
Methods: We examined the association between socioeconomic and 
psychosocial factors, psychological distress, and current uncontrolled blood 
pressure among WWH (n=998) and WWoH (n=353) enrolled in the Women’s 
Interagency HIV Study (WIHS) at a single visit between April and September 2019.
Results: Socioeconomic and psychosocial factors were similar among WWH 
and WWoH. Among WWH and WWOH, 50.2% had current uncontrolled blood 
pressure, defined as a systolic blood pressure ≥130 mmHg or diastolic pressure 
≥ 80 mmHg at the time of the study visit. Among WWH, socioeconomic, 
psychosocial, and behavioral factors explained 3% of the variance in blood 
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pressure with self-reported health risk behaviors (r=0.15), and use of 
antihypertensive medication (r=0.09) had weak to moderate impact. Among 
WWoH, socioeconomic, psychosocial, and behavioral factors explained 10% of 
the variance in blood pressure, with self-reported health risk behaviors (r=0.19), 
use of antihypertensive medication (r=0.19), area-level social vulnerability (r=-
0.17), and social support (r=0.16) demonstrating weak to moderate impacts.
Discussion: Tailored interventions that address socioeconomic and psychosocial 
stressors at the individual and societal levels may improve outcomes and reduce 
disparities in uncontrolled blood pressure.
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Introduction

As HIV has become a chronic, manageable disease, people with 
HIV are living longer; however, they also have a higher prevalence of 
chronic diseases associated with aging, such as cardiovascular disease 
(1–3). Mortality rates from cardiovascular disease have more than 
doubled among people with HIV since 2000, and previous studies 
suggest that women with HIV (WWH) may be particularly vulnerable 
to hypertension and the associated morbidity and mortality from 
cardiovascular disease (4–6). A large cross-sectional analysis 
(n = 14,556,610) conducted using multiple medical record system 
platforms in the United States (US) demonstrated a high prevalence 
of hypertension among WWH (49%) compared to women without 
HIV (WWoH) (31%) (2). While it is well supported that the higher 
prevalence of hypertension among WWH can be partially attributed 
to HIV-specific factors (e.g., immune and inflammatory dysfunction 
and abnormal hormone production) (7, 8), less is known about the 
impact of socioeconomic and psychosocial factors on blood pressure 
and hypertension. Some studies suggest that in the context of HIV, 
increased exposure to adverse socioeconomic (e.g., poverty and food 
insecurity) and psychosocial (e.g., adverse childhood experiences, 
abuse, interpersonal violence, and intersectional stigma and 
discrimination) factors act as fundamental causes of inequities in 
hypertension and cardiovascular risk through their impact on health 
behaviors and stress (9–15). The purpose of this analysis was to 
examine the relationships between exposures (i.e., measured adverse 
socioeconomic and psychosocial factors, psychological distress, and 
health behaviors) and current blood pressure among WWH compared 
to sociodemographically similar WWoH. We hypothesized that 
WWH would experience exposure to adverse socioeconomic and 
psychosocial stressors, along with heightened symptoms of distress, 
and that these differences in exposures would contribute to the 
observed differences in blood pressure levels.

Methods

The Women’s Interagency HIV Study (WIHS) was established in 
1993 to study the overall effects of HIV among WWH in the 
US. Between 1993 and 2019, women were recruited across 10 
geographically diverse sites in the US over 4 distinct enrollment 
periods. While enrollment criteria varied slightly across recruitment 
waves to keep pace with the evolving HIV epidemic in the US, WWH 
were eligible to participate if they were HIV-seropositive, assigned 

female at birth, and had not acquired HIV perinatally. WWoH were 
eligible if they were sociodemographically similar to WWH and 
reported high-risk behaviors or exposures associated with HIV 
transmission within the past 5 years (i.e., multiple sexually transmitted 
infections; unprotected sex with at least six individuals or any 
HIV-positive person; transactional sex for money, drugs, or shelter; or 
reported substance use, including crack, cocaine, heroin, 
methamphetamine, and other non-prescribed substances) (16). The 
inclusion of WWoH with similar sociodemographic and behavioral 
characteristics provides an opportunity to examine which outcomes 
are attributable to HIV infection versus other shared traits 
and experiences.

WIHS participants attended semiannual study visits to collect 
socioeconomic, psychosocial, behavioral, and clinical data. Nested 
within the framework of the overall WIHS study, the purpose of this 
study is to examine the association between socioeconomic, 
psychosocial, and behavioral factors and blood pressure levels among 
WWH and WWoH. The WIHS participants were included if they 
attended a study visit between April and September 2019, were 
30–79 years of age at the time of the study visit, and had residential 
data available to link the cohort data with external data sources 
necessary to complete the analyses. The inclusion criterion of 
30–79 years of age was selected based on the accelerated risk for 
developing cardiovascular disease among WWH compared to WWoH 
in the general population.

Blood pressure measurements were taken in a uniform manner 
across the study sites. Before taking the blood pressure measurements, 
the participants were asked to sit quietly with their feet flat on the floor 
for 5 min. An appropriate cuff size was selected based on the mid-arm 
circumference. An automated Dinamap Procare monitor was used to 
collect a series of three brachial blood pressure measurements at 
1-min intervals. Measurements were collected from the right arm 
unless contraindicated, with the arm comfortably flexed and 
positioned at the heart level. The mean of three systolic and diastolic 
blood pressure values was calculated. A latent construct was created 
via exploratory factor analysis with systolic and diastolic pressure 
levels as manifest variables, and this construct is used as an outcome 
for bivariate and multivariable analyses. Current uncontrolled blood 
pressure was defined as systolic blood pressure of ≥130 mmHg or 
diastolic blood pressure of ≥ 80 mmHg at the time of study visit (17). 
Hypertension was defined as having a systolic blood pressure of 
≥130 mmHg or a diastolic blood pressure of ≥ 80 mmHg, based on 
the average of two or more readings on two or more occasions (18). 
The definitions of current uncontrolled blood pressure and 
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hypertension did not account for the reported use of antihypertensive 
medications. Instead, medication use was treated as a variable 
influencing blood pressure outcomes in our analyses.

Predictors were informed by the Socioecological Model and the 
Stress Process Model, which outlined the hypothesized mechanisms 
and moderators linking adverse socioeconomic and psychosocial 
stress exposure to hypertension and cardiovascular disease risk 
(Figure 1).

Socioeconomic factors

Self-reported residential addresses were geocoded and linked 
to census tract- and county-level variables to allow for the 
examination of area-level socioeconomic factors hypothesized to 
be associated with blood pressure. The Social Vulnerability Index 
(SVI) was used to characterize area-level social vulnerability based 
on social attributes (e.g., percentage of the population living below 
the poverty line, the unemployed, individuals without a high 
school diploma, those with disabilities, members of minoritized 
groups, individuals who speak English “less than well,” and 
residents of mobile homes, multi-unit housing, or crowded living 
conditions) associated with participants’ residential addresses at 
the census tract level using the 2018 dataset (19). The SVI scores 
range from 0 to 1 and reflect the relative ranking of each census 
tract compared to all US census tracts, with higher scores 
indicating greater vulnerability. Data from the Health Resources 
and Services Administration were used to assess access to primary 
care physicians (per 100,000 people) in relation to with 
participants’ residential addresses at the county level using the 
2019 dataset.

Individual-level indicators of socioeconomic status were collected, 
including annual household income (≤$6,000, $6,001–12,000, 

$12,001–24,000, $24,001–36,000, $36,001–75,000, or >$75,000 per 
year), highest level of education attained (no school, ≤ 6th grade, ≤ 
11th grade, high school, some college, completed 4-year college, and 
attended or completed graduate school), and participant’s enrollment 
in health insurance, ADAP, or Ryan White Programs (yes/no). To 
increase the interpretability of the data, we categorized annual 
household income into three groups (≤ $12,000, $12,001–24,000, and 
>$24,000 per year) and educational attainment into a single 
dichotomous option (≤ high school or > high school).

Psychosocial factors

Psychosocial factors hypothesized to be associated with blood 
pressure included social support and internalized HIV stigma (20). 
The first 12 items of the Medical Outcomes Study (MOS) Social 
Support Survey were used to measure the perceived availability of 
emotional (e.g., someone to listen to me) and tangible (e.g., someone 
to help me if I am sick) social support among participants (21). A 
cumulative score was generated by averaging line-item scores (1–5), 
with higher scores indicating greater support. The Negative Self-Image 
subscale of the HIV Stigma Scale (22) was used to measure the extent 
to which participants with HIV internalize HIV stigma (e.g., feelings 
of self-shame or guilt) by averaging the line item scores (1–4). Higher 
scores indicate greater internalized stigma.

Behavioral factors

Behavioral factors hypothesized to be associated with blood 
pressure included diet quality, weekly engagement in physical activity, 
reported use of cigarettes, alcohol use, and substance use (23–25). The 
2000 National Health Interview Survey Dietary Screener was used to 

FIGURE 1

Socioecological model of stress and cardiovascular disease risk created in BioRender. Wise (54), https://BioRender.com/m74jtsw.
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estimate the diet quality by approximating the intake of various food 
groups (e.g., fruits, vegetables, meats, and grains) and macronutrients 
(e.g., fat and fiber) among participants by day, week, month, and year. 
Diet quality scores (18–54) were created based on previously published 
estimates of nutrient composition by food group and the reported 
intake frequency of nutrient-rich foods (25, 26). The Physical Activity 
Questionnaire was used to measure the number of months participants 
engaged in weekly (≥2 h/week) mild (e.g., walking, bowling) or 
moderate activity (e.g., running, vigorous racquet sports) over the past 
12 months, with one point assigned to each activity reported (27, 28). 
Cigarette smoking (yes/no) and consumption of alcoholic drinks per 
week (none, <7, 7–12, ≥12) were self-reported (29). Substance use 
(crack, cocaine, heroin, hallucinogens, methamphetamine, club drugs, 
or illicit use of methadone, amphetamines, narcotics, or tranquilizers) 
was self-reported (yes/no) since the last visit. Cannabis use (yes/no) 
was assessed separately to aid in the interpretation of the results.

Psychological distress

Psychological factors hypothesized to be associated with blood 
pressure included depression, perceived stress, and post-traumatic 
stress symptom burden. The Centers for Epidemiological Studies 
Depression Scale (CES-D) was used to measure depressive symptoms, 
with scores ranging from 0 to 60, and scores ≥ 16 suggesting clinical 
depression (30). The Perceived Stress Scale was used to measure the 
degree to which everyday life was perceived as stressful, with scores 
ranging from 0 to 40, and scores >13 indicating moderate to high 
stress (31). The Post-traumatic Stress Disorder (PTSD) Checklist: The 
Civilian Scale was used to measure PTSD symptom burden, with 
scores ranging from 17 to 85, and scores >44 suggesting PTSD (32). A 
latent variable for psychological distress was created via exploratory 
factor analysis with symptoms of perceived stress, depression, and 
post-traumatic stress as manifest variables.

SAS 9.4 and R version 4.4.2. ® software packages were used to 
conduct the data analyses (33, 34). Descriptive statistics were 
calculated to characterize socioeconomic, psychosocial, and 
behavioral factors; psychological distress; and blood pressure 
outcomes (i.e., systolic and diastolic blood pressure, current blood 
pressure >130/80 mmHg, and reported use of antihypertensive 
medications). t-tests and chi-squared tests were used to examine the 
differences in HIV status.

Dimension reduction

Principal component analyses (PCA) were conducted to reduce 
the dimension and increase the utility and interpretation of 
socioeconomic, psychosocial, and behavioral factors hypothesized to 
increase psychological distress and blood pressure. As certain 
predictors (e.g., HIV stigma and viral load suppression) are specific to 
WWH, separate analyses by HIV status were conducted to ensure a 
proper fit. Factors only applicable to WWH were recoded among 
WWoH to avoid missing data, with HIV stigma recoded to 0 and viral 
load to −10. PCA was conducted using all structural, social, and 
behavioral antecedents after recoding. To avoid the issue of imputed 
missing data resulting in different PCA solutions, a complete case 
analysis (n = 1,351) was conducted.

Regression analyses

Simple linear regression analysis was conducted to examine the 
relationship between each factor, psychological distress, blood 
pressure, and uncontrolled blood pressure, separately and by HIV 
status. Multivariate regression was used to examine the impact of each 
factor on blood pressure. Assumptions were evaluated using 
diagnostic plots and deemed to be valid. No transformation was 
performed on the latent blood outcome. As predictors were informed 
by our conceptual model, which posits that socioeconomic, 
psychosocial, and behavioral factors influence blood pressure, we 
adjusted for the reported use of antihypertensives. As we hypothesized 
that psychological distress moderates the impact of socioeconomic, 
psychosocial, and behavioral factors on blood pressure, the interaction 
terms between the factors from PCA and psychological distress were 
entered into the model to examine the moderation effect of 
psychological distress on blood pressure levels.

Results

A total of 1,351 women were included in the analyses, comprising 
998 (74%) WWH and 353 (26%) WWoH (Table 1). The mean age of 
participants was 54.4 +/− 7.6 years. The majority (75%) of them 
identified as Black (non-Hispanic), with a higher percentage of WWH 
identifying as white (non-Hispanic) compared to WWoH (11% vs. 
4%). The majority of women (73%) reported a household income of 
less than $24,000/year and lived in areas of greater social deprivation 
compared to the US national average. The average score on the Social 
Vulnerability Index was 0.73 +/− 0.25, indicating that 73% of the 
tracts in the US are less vulnerable than the average tract represented 
in this sample.

At the time of the study visit, 50% of all participants had current 
uncontrolled blood pressure (≥130/80 mmHg), and 19% had blood 
pressure readings ≥140/90 mmHg. Antihypertensive medication use 
was similar between WWH and WWoH (57% vs. 58%), both overall 
and among those with uncontrolled blood pressure (63% vs. 64%). 
Among those reporting antihypertensive medication use, WWH were 
more likely to have controlled blood pressure compared to WWoH 
(42% vs. 32%).

Psychosocial factors (i.e., emotional and tangible social 
support) appropriate for measurement among both WWH and 
WWoH were similar across groups. Internalized HIV stigma was 
only appropriate to measure among WWH. Differences existed in 
specific psychological distress factors according to HIV status. 
While no differences were present in depressive symptomology 
based on HIV status, roughly one-third (30%) of the women had 
CES-D scores ≥16, suggesting clinical depression. Differences 
existed in stress and post-traumatic symptom burden according to 
HIV status. WWH, compared to WWoH, were less likely to indicate 
“moderate or high” perceived stress (45% vs. 54%); however, they 
were more likely to report higher post-traumatic stress symptom 
burden (27% vs. 18%).

WWH were less likely than WWoH to smoke cigarettes (33% vs. 
46%) and more likely to abstain from alcohol consumption (55% vs. 
44%). A higher percentage of WWH reported substance use compared 
to WWoH (14% vs. 6%). Diet quality scores and physical activity were 
similar among participants, with the majority of participants reporting 
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TABLE 1  Participant characteristics by HIV status.

Participant characteristics Overall N = 1,351 Women
without HIV N = 353

Women
with HIV N = 998

p-value

% (N)
Mean ± SD

% (N)
Mean ± SD

% (N)
Mean ± SD

Demographics

Age, years 54.4 ± 7.6 54.2 ± 7.7 54.4 ± 7.6 0.694

Race, ethnicity

 � Black, non-Hispanic 1,008 (74.5) 274 (77.6) 734 (73.5) <0.0001

 � White, non-Hispanic 118 (8.7) 13 (3.7) 105 (10.5)

 � Hispanic 168 (12.4) 43 (12.2) 125 (12.5)

 � Other 57 (4.2) 23 (6.5) 34 (3.4)

Socioeconomic factors

Household income (USD/year)

 � ≤ $12,000 660 (48.9) 181 (51.3) 479 (48.0) 0.028

 � $12,001–24,000 326 (24.1) 67 (19.0) 259 (26.0)

 � >$24,000 365 (27.0) 105 (29.7) 260 (26.1)

High school graduate 897 (65.1) 236 (66.9) 643 (64.4) 0.411

Current employment 442 (34.9) 121 (34.3) 321 (32.2) 0.467

Health insurancea 1,306 (96.7) 315 (89.2) 991 (99.3) <0.0001

Primary care physician accessb 96.9 ± 35.0 101.1 ± 35.3 95.4 ± 34.8 0.017

Social vulnerability index [0–1] 0.73 ± 0.25 0.75 ± 0.25 0.73 ± 0.25 0.058

Psychosocial factors

Emotional Social Support [1–5] 3.95 ± 1.05 3.95 ± 1.07 3.96 ± 1.05 0.906

Tangible Social Support [1–5] 3.9 ± 1.2 3.9 ± 1.2 3.9 ± 1.2 0.550

Internalized HIV Stigma [1–4] – – 1.8 ± 0.6 –

Health behaviors

Diet Quality [18-54]c 37.9 ± 3.4 38.1 ± 3.3 37.9 ± 3.4 0.313

Mild Physical Activityd 0.8 ± 1.0 0.8 ± 1.0 0.8 ± 1.0 0.567

Moderate Physical Activityd 0.4 ± 0.8 0.4 ± 0.7 0.4 ± 0.8 0.986

Viral Suppressione 885 (88.7) –

Cigarette Smoking 525 (38.9) 163 (46.2) 362 (36.3) 0.008

Substance Usef 112 (8.3) 48 (13.6) 64 (6.4) <0.0001

Alcohol use

Abstainer 701 (51.9) 155 (43.9) 546 (54.7) 0.001

 � 1–7 drinks/week 525 (38.9) 152 (43.1) 373 (37.4)

 � ≥7–12 drinks/week 37 (2.7) 13 (3.7) 24 (2.4)

 � >12 drinks/week 88 (6.5) 33 (9.3) 55 (5.5)

Psychological distress

CES-D Score [0–60]g 12.2 ± 11.5 12.3 ± 11.1 12.1 ± 11.6 0.337

PSS-10 Score [0–40]h 13.8 ± 8.2 15.0 ± 8.2 13.4 ± 8.2 0.003

PLC-C Score [17–85]i 33.3 ± 15.3 35.6 ± 15.8 32.4 ± 15.0 0.001

CES-D Score ≥16j 403 (29.8) 105 (29.7) 298 (29.9) 0.968

PSS-10 Score ≤ 13k 579 (42.9) 135 (38.2) 444 (44.5) 0.010

PCL-C Score > 44l 241 (19.8) 74 (22.7) 167 (18.7) 0.121

Blood pressure and medication use

Systolic blood pressure, mmHg (mmHg) 129.8 ± 20.6 132.9 ± 21.8 128.7 ± 20.1 0.002

(Continued)
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TABLE 1  (Continued)

Participant characteristics Overall N = 1,351 Women
without HIV N = 353

Women
with HIV N = 998

p-value

% (N)
Mean ± SD

% (N)
Mean ± SD

% (N)
Mean ± SD

Diastolic blood pressure, mmHg (mmHg) 76.2 ± 11.1 77.3 ± 11.7 75.8 ± 10.8 0.037

Current uncontrolled blood pressure 678 (50.2) 193 (54.7) 485 (48.6) 0.050

Antihypertensive medication 772 (57.2) 205 (58.1) 567 (56.8) 0.574

aHealth insurance, Ryan White, or ADAP enrollment. bPhysician access per 100,000 people. cLower scores indicate better quality diet. dActivity reported ≥2 h per week over the last 12 months. 
eHIV-RNA < 200 copies/ml. fReported use of crack, cocaine, heroin, hallucinogens, methamphetamine, club drugs, or the illicit use of methadone, amphetamines, narcotics, or tranquilizers 
since last visit. gCenter for Epidemiological Studies Depression Scale. hPerceived Stress Scale. iPost-traumatic Stress Disorder (PTSD) checklist for civilians. jSuggesting clinical depression. kLow 
perceived stress. lSuggesting PTSD.

FIGURE 2

Principal component analysis factor loadings—women with HIV (n = 998).

FIGURE 3

Principal component analysis factor loadings—women without HIV (n = 353).

https://doi.org/10.3389/fmed.2025.1615684
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Wise et al.� 10.3389/fmed.2025.1615684

Frontiers in Medicine 07 frontiersin.org

low levels of physical activity and diet quality scores reflective of those 
in the general population nationally (25).

Dimension reduction

Figures 2, 3 summarize the PCA factor loadings among all 
socioeconomic, psychosocial, and behavioral factors hypothesized to 
influence blood pressure and hypertension among WWH and 
WWoH. For both WWH and WWoH, five factors emerged: (1) 
individual-level socioeconomic status, (2) area-level vulnerability and 
physician care access, (3) social support, (4) health-promoting 
behaviors, and (5) health risk behaviors. The psychological distress 
construct generated had eigenvalue factor loadings of 0.88 for 
perceived everyday life stress, 0.86 for post-traumatic stress, and 0.58 
for symptoms of depression. The total blood pressure construct 
generated had eigenvalue factor loadings of 0.71 for systolic blood 
pressure and 0.93 for diastolic blood pressure.

Bivariate relationships between predictors, 
psychological distress, and blood pressure

Differences were observed based on HIV status (Table 2). For 
example, the relationship between post-traumatic stress symptoms 
and health risk behaviors was greater among WWH (r = −0.30) 
compared to WWoH (r = −0.17), whereas the relationship between 
area-level social vulnerability and perceived stress was greater among 
WWoH (r = 0.24) compared to WWH (r = 0.04).

Differences were present in the relationship between predictor 
variables and blood pressure by HIV status. There was minimal evidence 
to support the relationship between predictor variables and blood 
pressure among WWH, with social support demonstrating a weak 
relationship (r = 0.16) with continuous blood pressure. Among WWoH, 
there were weak relationships between social support (r = 0.13), health 
risk behaviors (r = 0.10), area-level vulnerability (r = −0.12), and PTSD 
symptomology (r = 0.12) with continuous blood pressure, and weak 
relationships between health risk behaviors (r = 0.11) and depressive 
symptoms (r = 0.10) with current uncontrolled blood pressure.

Multivariate relationships between 
predictors, psychological distress, and 
blood pressure

Among WWH, the factors hypothesized to be associated with 
hypertension explained 3% (adjusted R2 = 0.03, p < 0.001) of the 
variance in blood pressure, with health risk behaviors (β = 0.15, 
p < 0.001) and antihypertensive medications (β = 0.09, p < 0.01) 
having medium and weak effects, respectively (Table 3). There was no 
evidence of interactions between any factor and psychological distress.

For WWoH, the factors included in the model explained 10% of 
the variance in blood pressure (adjusted R2 = 0.10, p < 0.001), with 
health risk behaviors (β = 0.19, p < 0.001), antihypertensive medication 
(β = 0.19, p < 0.001), socioeconomic status (β = −0.17, p < 0.01), and 
social support (β = 0.16, p < 0.01) having medium effects on the 
overall model. An interactive effect (β = 0.11, p < 0.05) was observed 
between health-promoting behaviors and psychological distress.

Discussion

We hypothesized that, compared to WWoH, WWH would have 
increased exposure to adverse socioeconomic and psychosocial 
stressors and increased psychophysiological responses to stress and 
that these differences would be associated with uncontrolled blood 
pressure. Instead, we found that uncontrolled blood pressure was more 
prevalent among WWoH and was an unexpected explanation for the 
differences in outcomes based on our hypotheses. Among WWoH, 
adverse socioeconomic and psychosocial exposures, along with 
engagement in health risk behaviors, contributed substantially to 
variances in blood pressure, supporting the overall evidence that social 
determinants of health serve as fundamental causes of health 
disparities through their impacts on health behaviors. Although 
WWH had similar exposures to socioeconomic and psychosocial 
factors compared to WWoH, these factors appeared to play a less 
prominent role in affecting the variance in blood pressure in this group.

The higher prevalence of current uncontrolled blood pressure 
among WWoH in the WIHS cohort may reflect differences in healthcare 
access and engagement in care. Evidence supports that WWH in the 
general population has a higher prevalence of hypertension compared 
to WWoH (78% vs. 51%) (35). Involvement in the WIHS included 
semiannual study visits in which WWH had the opportunity for more 
intensive medical management and access to social services compared 
to the general population of WWH in the U.S. (16). While both WWH 
and WWoH, who are enrolled in research studies, likely receive more 
consistent and comprehensive care than their demographically similar 
counterparts in the general population who are not enrolled in 
structured research studies, WWoH do not qualify for HIV-specific 
programs (such as Ryan White or ADAP) that may additionally 
improve access to care. WWoH in the WIHS were much less likely to 
have access to affordable antihypertensive medications (through health 
insurance or enrollment in Ryan White or ADAP) compared to WWH 
(16). Nationally representative studies have previously demonstrated 
that uninsured individuals have less access to screening, preventative, 
and treatment services related to blood pressure management (36–39).

While the current results did not support the hypothesis that 
adverse exposures to socioeconomic and psychosocial factors 
influence differences in blood pressure through their impacts on 
psychological distress, several factors may explain these outcomes. 
Our results may underestimate the actual impacts of socioeconomic 
and psychosocial stressors on the lives of WWH, potentially due to 
survival bias or unmeasured resiliency characteristics (20, 40). 
Evidence suggests that when individuals are exposed to chronic 
stressors across their lifespan (e.g., adverse childhood events, 
interpersonal violence, economic instability, and intersectional stigma 
and discrimination), they may normalize or underreport psychological 
stress as an adaptive coping mechanism to improve quality of life (41). 
While women in our study, on average, lived in areas more vulnerable 
(characterized by low socioeconomic status, racial and ethnic minority 
status, and poor-quality housing) than 73% of all census tracts in the 
US, many (42.9%) reported relatively low everyday life stress. While 
the majority of women reported depression symptomology below the 
threshold suggesting clinical depression, prior research conducted 
within the WIHS has linked higher CES-D scores with overall 
mortality. In addition, these results highlight the differences between 
WWH enrolled in the WIHS and WWH in the general population, as 
evidence suggests that WWH experience psychological distress (e.g., 
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TABLE 2  Correlations between socioeconomic, psychosocial and behavioral factors, psychological distress, and blood pressure.

Correlations between 
social- and behavioral 
factors, psychological 
distress, and blood 
pressure

Social 
support

Health risk 
behaviorsa

Individual-
level SESb

Health-
promoting 
behaviorsc

Area-level 
vulnerability

Depressive 
symptoms

Perceived 
stress

PTSDd 
symptoms

Blood 
pressure

Uncontrolled 
blood 

pressuree

Women with HIV

Social support 1.00 −0.12 −0.13 0.00 0.11 0.17 0.19 0.23 0.16 0.06

Health risk behaviorsa −0.12 1.00 0.02 0.01 −0.11 −0.53 −0.35 −0.30 −0.02 −0.03

Individual-level SESb −0.13 0.02 1.00 0.24 0.06 −0.13 −0.18 −0.23 −0.06 −0.04

Health-promoting behaviorsc 0.00 0.01 0.24 1.00 0.06 −0.04 −0.03 −0.04 0.01 −0.03

Area-level vulnerability 0.11 −0.11 0.06 0.06 1.00 0.05 0.04 0.06 0.04 0.00

Depressive symptoms 0.17 −0.53 −0.13 −0.04 0.05 1.00 0.51 0.50 0.02 0.01

Perceived stress 0.19 −0.35 −0.18 −0.03 0.04 0.51 1.00 0.75 0.07 0.01

PTSD symptoms 0.23 −0.30 −0.23 −0.04 0.06 0.50 0.75 1.00 0.09 0.04

Blood pressure 0.16 −0.02 −0.06 0.01 0.04 0.02 0.70 0.09 1.00 1.00

Uncontrolled blood pressure 0.06 −0.03 −0.04 −0.03 0.00 0.01 0.01 0.04 0.70 1.00

Women without HIV

Social support 1.00 −0.10 −0.07 −0.06 0.15 0.13 0.13 0.15 0.13 0.02

Health risk behaviorsa −0.10 1.00 0.12 0.07 −0.07 −0.53 −0.35 −0.17 0.10 0.11

Individual-level SESb −0.07 0.12 1.00 0.22 0.00 −0.19 −0.15 −0.18 −0.05 −0.06

Health-promoting behaviorsc −0.06 0.07 0.22 1.00 0.06 −0.14 −0.09 −0.10 −0.09 −0.08

Area-level vulnerability 0.15 −0.07 0.00 0.06 1.00 0.17 0.24 0.22 −0.12 −0.09

Depressive symptoms 0.13 −0.53 −0.19 −0.14 0.17 1.00 0.51 0.48 −0.04 −0.10

Perceived stress 0.13 −0.35 −0.15 −0.09 0.24 0.51 1.00 0.76 0.06 −0.01

PTSD symptoms 0.15 −0.17 −0.18 −0.10 0.22 0.48 0.76 1.00 0.12 0.02

Blood pressure 0.13 0.10 −0.05 −0.09 −0.12 −0.04 0.06 0.12 1.00 0.64

Uncontrolled blood PBe 0.02 0.11 −0.06 −0.08 −0.09 −0.10 −0.01 0.02 0.64 1.00

aSocioeconomic status; bsmoking, alcohol, and substance use; cphysical activity and diet quality; dpost-traumatic stress; mean blood pressure ≥130/80 mmHg at the time of the visit.
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high levels of chronic stress, depression, and PTSD) at rates 4–5 times 
higher than their seronegative counterparts (42, 43). The lower 
prevalence of psychological distress among WWH enrolled in the 
WIHS compared to WWH in the general population may reflect more 
consistent access to mental health care screening and referrals and 
increased access to peer support, counseling, and community 
resources through their involvement in the study (16, 20, 44).

While the overall prevalence of current uncontrolled blood 
pressure was relatively lower among WWH, 50% of all women included 
in our analyses had a current blood pressure level of ≥130/80 mmHg, 
making improved blood pressure control among both WWH and 
demographically similar WWoH a clinically and socially significant 
issue. Moreover, our results demonstrate that while the reported use of 
antihypertensive medications was similar according to HIV status, we 
found that antihypertensive medications were associated with higher 
blood pressure. Even with treatment, individuals with previously 
diagnosed hypertension often have higher blood pressure than those 
without underlying hypertension. Differences in these relationships 
between WWH and WWoH likely represent less adherence among 
WWoH in our sample. Our findings suggest a need for better blood 
pressure management among WWH and sociodemographically 
similar WWoH. Although standardized guidelines do not provide 
recommendations specific to people with HIV (7, 45), multiple studies 
have demonstrated that hypertension disproportionately increases the 

risk of cardiovascular disease morbidity and mortality among people 
with HIV (5, 7, 46, 47). The physiological impacts of HIV and 
treatments necessary for its management may compound the risk 
associated with exposure to adverse socioeconomic and psychosocial 
conditions, as well as psychological distress. Lifestyle modifications 
(e.g., stress, anxiety, and depression management, dietary modifications, 
weight management, and regular physical exercise) have demonstrated 
effectiveness in preventing and treating hypertension and should be 
considered to improve cardiovascular outcomes (48–53). Secondary 
treatment should be utilized, when appropriate, to reduce the risk of 
hypertension. Strategies to prevent and manage hypertension should 
address both clinical and structural barriers to effective care. The 
inclusion of community partners may help realize local strengths and 
resources and build the capacity necessary to improve outcomes.

Limitations

While the current study featured a large sample size and 
sociodemographic representativeness of WWH in the US, the results 
may not be generalizable to men with HIV or WWH outside the 
WIHS. Furthermore, while WIHS participants reflect geographic 
diversity among 12 states, clustering of participants near study sites 
limits the generalizability of findings to more rural regions or areas 

TABLE 3  Multivariable relationships between structural, social, and behavioral factors and blood pressure.

Structural, social, and 
behavioral factors among 
women with HIV/
Structural, social, and 
behavioral factors among 
women without HIV

Unstandardized Coefficients Standardized 
Coefficients

p-value

Betaa

95% CI

Betab(Lower)
(Upper)

Women with HIV

Social support 0.020 −0.046 0.086 0.022 0.549

Health risk behaviors 0.139 0.075 0.203 0.151 <0.001

Socioeconomic status −0.031 −0.097 0.035 −0.034 0.337

Positive health-promoting behaviors 0.029 −0.035 0.093 0.031 0.432

Area-level vulnerability 0.024 −0.038 0.086 0.026 0.432

Antihypertensive medications 0.176 0.052 0.3 0.094 0.001

Psychological distress 0.057 −0.017 0.131 0.057 0.126

Women without HIV

Social support 0.157 0.047 0.267 0.160 <0.001

Health risk behaviors 0.191 0.079 0.303 0.190 <0.001

Socioeconomic status 0.007 −0.105 0.119 0.007 0.896

Health-promoting behaviors −0.082 −0.192 0.028 −0.083 0.136

Area-level vulnerability −0.166 −0.276 −0.056 −0.166 0.001

Antihypertensive medication 0.395 0.177 0.613 0.195 <0.001

Psychological distress 0.162 0.036 0.288 0.153 0.001

Health-promoting behaviors* 0 0.24

Psychological distress 0.120 0.108 0.010

Adjusted R2 = 0.10

aChange in blood pressure based on a one-unit change in each independent variable. bRelative strength (0–1) and direction of each independent variable of blood pressure. 
*This is the interactive effect between health promoting behaviors and psychological distress.
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outside the US. Additionally, the cross-sectional design does not allow 
for causal inferences and does not capture the cumulative impacts of 
adverse exposures to socioeconomic and psychosocial determinants 
over time. It also limits the ability to assess survival bias or account for 
resiliency factors that may influence long-term outcomes. Additional 
research is needed to identify sex-specific factors contributing to 
disparities in blood pressure and hypertension control among men 
and women with HIV and to better understand the cumulative effects 
of socioeconomic and psychosocial determinants on hypertension and 
its management over time. To reduce inequities, future research should 
aim to inform screening and treatment guidelines for people with HIV 
and evaluate the effectiveness and implementation of strategies 
designed to improve hypertension outcomes in this population.

Conclusion

Exposure to adverse socioeconomic and psychosocial conditions 
may contribute to elevated blood pressure levels and an increased risk 
of hypertension among WWH and women at a heightened risk for 
HIV acquisition, increasing their risk of morbidity and mortality. 
Understanding how both area- and individual-level factors influence 
blood pressure and how women navigate and cope with stressors may 
inform interventions aimed at reducing disparities and improving 
health and quality of life outcomes. Although not demonstrated in this 
study, WWH may be particularly vulnerable to uncontrolled blood 
pressure levels, underscoring the need for future research to elucidate 
the pathways linking socioeconomic and psychosocial adversities to 
blood pressure outcomes. Understanding the long-term impact and 
pathways influencing outcomes is critical to the development of 
effective strategies to mitigate risk.
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