
Hypertension and one-year risk of all-cause mortality among 
women with treated HIV in the United States

Leah M. SADINSKI, MSPHa,*, Daniel WESTREICH, PhDa, Andrew EDMONDS, PhDa, Tiffany 
L. BREGER, PhDb, Stephen R. COLE, PhDa, Catalina RAMIREZ, MPH, MHAb, Todd T. 
BROWN, MD, PhDc,d, Igho OFOTOKUN, MD, MSce, Deborah KONKLE-PARKER, PhDf, 
Seble KASSAYE, MDg, Deborah L. JONES, PhDh, Gypsyamber D’SOUZA, PhDi, Mardge H. 
COHEN, MDj, Phyllis C. TIEN, MD, MSck,l, Tonya N. TAYLOR, PhD MSm, Kathryn ANASTOS, 
MDn, Adaora A. ADIMORA, MD, MPHa,b

aDepartment of Epidemiology, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

bDepartment of Medicine, Division of Infectious Diseases, University of North Carolina at Chapel 
Hill, Chapel Hill NC, USA

cDepartment of Medicine, School of Medicine, Johns Hopkins University, Baltimore, Maryland, 
USA

dDivision of Endocrinology, Diabetes, and Metabolism, Johns Hopkins Medical Institutions, 
Baltimore, MD, USA

eDepartment of Medicine, School of Medicine, Emory University, Atlanta, GA, USA

fSchools of Nursing, Medicine and Population Health Sciences, University of Mississippi Medical 
Center, Jackson, MS, USA

gDepartment of Medicine, Georgetown University Medical Center, Washington, DC, USA

hDepartment of Psychiatry and Behavioral Sciences, University of Miami Miller School of 
Medicine, Miami, FL, USA

iDepartment of Epidemiology, Bloomberg School of Public Health, Johns Hopkins University, 
Baltimore, MD, USA

jDepartment of Medicine, Stroger Hospital of Cook County Health and Hospitals System, 
Chicago, IL, USA

kDepartment of Medicine, School of Medicine, University of California, San Francisco, San 
Francisco, CA, USA

lDivision of Infectious Disease, San Francisco VA Medical Center, San Francisco, CA, USA

mCollege of Medicine, SUNY Downstate Health Sciences University, Brooklyn, NY, USA

nDepartments of Medicine, Epidemiology, and Population Health, Albert Einstein College of 
Medicine/Montefiore Medical Center, Bronx, NY, USA

*Corresponding author: 135 Dauer Dr., 2101 McGavran-Greenberg Hall CB #7435, Chapel Hill, NC 27599, leah.sadinski@unc.edu. 

HHS Public Access
Author manuscript
AIDS. Author manuscript; available in PMC 2024 March 15.

Published in final edited form as:
AIDS. 2023 March 15; 37(4): 679–688. doi:10.1097/QAD.0000000000003461.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Abstract

Objective: Hypertension is a critical cause of cardiovascular disease, and women with HIV have 

a higher prevalence of hypertension compared to women without HIV. The relationship between 

hypertension and mortality has not been well characterized in women with treated HIV. Here, we 

estimate the effect of hypertension on one-year risk of all-cause mortality among women with HIV 

on antiretroviral therapy (ART) in the United States.

Design: An analysis of multicenter, observational cohort data from the Women’s Interagency 

HIV Study (WIHS) collected between 1995 and 2019.

Methods: We included women with HIV who reported ever using ART. We used parametric 

g-computation to estimate the effect of hypertension (systolic blood pressure ≥140 [mmHg], 

diastolic blood pressure ≥90, or use of hypertensive medication) on all-cause mortality within one 

year of a WIHS visit.

Results: Among 2,929 unique women, we included 57,034 visits with a median age of 45 

(interquartile range: 39, 52). Women had hypertension at 34.5% of visits, and 641 deaths occurred 

within one year of a study visit. Comparing women at visits with hypertension to women at 

visits without hypertension, the standardized one-year risk ratio (RR) for mortality was 1.16 (95% 

confidence interval [CI]: 1.01, 1.33). The risk ratios were higher in Hispanic (RR: 1.23, 95% 

CI: 0.86, 1.77) and non-Hispanic Black women (RR: 1.19, 95% CI: 1.04, 1.37) and lower in 

non-Hispanic white women (RR: 0.93, 95% CI: 0.58, 1.48).

Conclusion: Among women with treated HIV, those with hypertension, compared to those 

without, had an increased one-year risk of all-cause mortality.
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Introduction

People with HIV are surviving longer due to the efficacy and uptake of antiretroviral 

therapy (ART).[1–3] Aging of people with HIV has resulted in a larger burden of chronic 

conditions and comorbidities in this population.[4] As deaths from AIDS-related causes 

have declined in the era of modern ART, the leading causes of death have shifted to chronic 

conditions such as cardiovascular disease.[3,5–7] HIV has been recognized as a risk factor 

for cardiovascular disease, as people with HIV are at higher risk than people without HIV 

for cardiovascular disease and events.[8–12] Moreover, women with HIV have a higher 

burden of non-AIDS comorbidities than men with HIV.[13,14] The impact of cardiovascular 

disease and chronic conditions on women with HIV, compared to men with HIV, is less well 

understood due to under-representation of women in HIV research and lack of sex-stratified 

analyses.[15–17]

Hypertension is a leading cause of myocardial infarction, sudden cardiac death, and 

stroke, [18–20] and is more common in women with HIV than HIV seronegative women. 

In 2011-2014, the estimated prevalence of hypertension among women with HIV was 
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46.3%[21] while the prevalence among HIV seronegative women was 28.1%.[22] The 

higher prevalence in women with HIV may be due to immune activation, altered hormone 

production, and health behaviors.[16] The effect of hypertension on all-cause mortality is 

not well characterized among women with HIV.[23]

Among women with HIV, disparities exist in the prevalence of hypertension. Black women 

with HIV have a higher prevalence of hypertension than white women with HIV,[24] likely 

due to social determinants of health, exposure to structural racism, and poorer access to 

healthcare.[25] Women with HIV with insurance coverage interruptions have an increased 

risk of loss of hypertensive control.[26] Yet, few studies have assessed whether these 

disparities influence the relationship between hypertension and health outcomes, including 

mortality.

We estimated the effect of hypertension on one-year risk of all-cause mortality among 

women with HIV in the Women’s Interagency HIV Study (WIHS, now the MACS/WIHS 

Combined Cohort Study, MWCCS), and whether the estimated effect varied by racial-ethnic 

categories, age, and health insurance.

Methods

Data.

We analyzed data from the WIHS.[27] Since starting recruitment in 1994, the WIHS 

expanded from 6 to 10 sites including Brooklyn, NY; the Bronx/Manhattan, NY, 

Washington, DC; Chicago, IL; San Francisco, CA; Los Angeles, CA; Chapel Hill, NC; 

Atlanta, GA; Birmingham, AL/Jackson, MS; and Miami, FL. Additional recruitment 

waves occurred in 2001-02, 2011-12, and 2013-15. Eligibility criteria remained similar 

throughout the study. WIHS enrollees participated in study visits approximately every 6 

months that consisted of laboratory testing, clinical evaluation, and structured interviews. 

Social, behavioral, clinical, and medication use information was collected at each visit. 

All participants provided informed consent, and each study site’s institutional review board 

approved study protocols.

Eligible participants for this study had 1) HIV infection at WIHS enrollment or 

seroconverted (n=21) before the one-year follow-up period and 2) reported ever receiving 

triple combination ART before the one-year follow-up period. Upon reported use of ART, 

women contributed attended visits thereafter. We excluded 90 women who did not have 

visits after reported use of triple combination ART.

Exposure definition.

At each visit, women were categorized as hypertensive if they had at least one of the 

following: 1) systolic blood pressure (SBP) ≥140 (millimeters of mercury, mmHg), 2) 

diastolic blood pressure (DBP) ≥90 (mmHg), or 3) reported use of hypertensive medication 

over the past 6 months. Guidelines recommend the threshold for hypertension be ≥130 SBP 

or ≥80 DBP, though pharmacological treatment is typically administered at ≥140 SBP or ≥90 

DBP.[28]
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Prior to 2001, blood pressure was measured and recorded once at each visit. Between 2001 

to 2004, blood pressure was measured twice per visit. The higher measurement was recorded 

if SBP or DBP measurements differed by more than 80 and 45 mmHg, respectively; 

otherwise, the second measurement was recorded. Starting in 2004, three blood pressure 

measurements were taken at each visit, and the average of the second and third measurement 

was recorded. Study staff collected blood pressure from the seated participant’s right arm 

at one-minute intervals by an oscillometric automated blood pressure monitor (DinaMap 

ProCare Series; GE Medical Systems, Chicago, IL). Between each measurement, study staff 

raised the participant’s arm for five seconds.[29]

Outcome definition.

The outcome was all-cause mortality within one year of a WIHS visit. The one year 

follow up period employed the 6-month WIHS visit interval and allows hypertensive status 

to vary over follow up. Dates of death were determined by matching to the National 

Death Index, reviewing death certificates and medical records, and contacting next of kin 

following participants’ missed visits.[30] Women who died within one year of their visit 

were classified as experiencing the outcome.

Covariates.

We constructed a causal diagram to identify potential confounders.[31,32] To ensure that 

confounders temporally preceded hypertension, we used values taken at the preceding visit 

for select variables that may affect hypertension with delay. Figure 1 illustrates measurement 

timing of analysis variables with Vt (center) as the visit of interest. We specified the 

following continuous covariates as restricted quadratic splines with knots placed at the 5th, 

35th, 65th, and 95th percentiles:[33] age, body mass index (kg/m2), previous visit CD4 cell 

count (cells/mm3), and previous visit kidney function (estimated glomerular filtration rate).

[34]

We used binary indicator variables for categorical covariates: alcohol use in past 6 

months (abstainer, 0-7 drinks per week, >7-12 drinks per week, >12 drinks per week); 

annual household income (<$6,000, $6,001-$12,000, >$12,000-$18,000, >$18,000); ART 

drug classes used in past 6 months (nucleoside reverse transcriptase inhibitors, non-

nucleoside reverse transcriptase inhibitors, protease inhibitors, entry inhibitors, and integrase 

inhibitors); health insurance (insured or uninsured); self-reported mutually exclusive racial-

ethnic category (Hispanic Black, non-Hispanic Black, Hispanic white, non-Hispanic white, 

Hispanic other, or non-Hispanic other); history of hypertension (hypertension at any of 

previous four visits); smoking status (never, former, current); self-reported use of non-

injection drugs (e.g., marijuana, hallucinogens, PCP, club drugs, methamphetamines) within 

past six months; self-reported injection of any illicit drug within past six months; diabetes 

at previous visit (when non-pregnant, self-reported anti-diabetic medication, two fasting 

glucose measurements ≥126 mg/dL, or concurrent measurements of hemoglobin A1c ≥6.5% 

and fasting glucose ≥126 mg/dL, or not); nadir CD4 cell count (<200 cells/mm3, or 

not); previous visit low-density lipoprotein (LDL, >130 mg/dL or not); and previous visit 

HIV viral suppression (<80 copies/mL, or not). For 21 visits where HIV viral load was 

undetectable using tests with a lower limit of detection >80 copies/mL, we assumed viral 
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load was <80 copies/mL. We adjusted for calendar time (WIHS visit) to account for secular 

trends in hypertension and mortality not captured by other covariates.

Missing data.

We used Markov chain Monte Carlo multivariate normal multiple imputation to impute 

missing values.[35,36] We imputed 30 datasets. While we had complete data on mortality, 

blood pressure measurement was missing at 7.8% of visits. The alternative hypertension 

definition (controlled or uncontrolled) had more missing data (17.4%), due to additional 

missingness on medication use. Most variables had less than 10% of missing data across 

visits; however, LDL was missing at 30.4% of visits due to annual measurement of 

cholesterol in the WIHS. Using published guidance,[37] our imputation model included 

hypertension, mortality, covariates, and interaction terms included in analysis models.[36]

Statistical analysis.

We estimated marginal risks, risk differences (RDs), and risk ratios (RRs) using parametric 

g-computation, a model-based form of standardization.[38–41] Parametric g-computation 

removes measured confounding by standardizing the study sample with hypertension and 

study sample without hypertension to the covariate distributions of the combined study 

sample. Under certain necessary assumptions (see Discussion),[38] estimated risks can 

represent a causal effect.[39]

We used the following steps, adapted from Snowden et al.,[39] to obtain estimates using 

parametric g-computation. First, we copied each visit twice to create a g-computation 

analysis dataset that contained the original visit (with observed exposure and outcome), 

a visit copy with exposure assigned to “hypertensive” and a missing mortality outcome, and 

another copy with exposure assigned to “not hypertensive” and a missing mortality outcome. 

All visits (original and copied) maintained observed covariate values. We fit a logistic 

regression model, with covariates identified from our causal diagram, on the combined 

copied and observed data. Using this model, we predicted the probability of all-cause 

mortality within one year for visit copies with assigned hypertension exposure. We averaged 

predicted probabilities among those assigned to “hypertensive,” and then those assigned to 

“not hypertensive,” to obtain estimated marginal one-year risks of all-cause mortality under 

each level of hypertension. Those marginal risks were used to estimate RDs and RRs. We 

evaluated effect modification by calculating contrasts within strata of age (<40, 40-<55, or 

≥55 years), racial-ethnic category (non-Hispanic Black, non-Hispanic White, or Hispanic; 

“other” race not assessed due to small cell counts), and health insurance coverage (insured 

or uninsured).

We checked for adequate parametric g-computation model specification by comparing 

main effects, marginal estimates of the RD and RR to those from an inverse-probability-of-

treatment-weighted (IPTW) model[41,42] (steps in Supplementary Digital Content). Upon 

confirming similar estimates from g-computation and the IPTW model, we used AIC to 

select interaction terms for a more flexible parametric g-computation model. We included 

interaction terms between hypertension and 1) CD4 cell count, 2) suppression of HIV viral 

load, 3) racial-ethnic category, 4) health insurance, and 5) continuous age.
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We calculated Wald 95% confidence intervals (CIs) by employing nonparametric bootstrap 

methods.[43] Bootstrapping must accommodate lack of independence between observations 

due to multiple visits per woman; thus, bootstrap samples selected (with replacement) 

unique women from the study sample.[43] If a woman was selected for the bootstrap 

sample, she contributed all eligible visits to the sample. Each bootstrap sample applied the 

steps outlined for g-computation (and IPTW) to obtain risk estimates for that sample.[40,44] 

After repeating this process 200 times, we obtained the standard deviation of the 200 risks 

and contrast estimates, which served as the estimated standard errors for Wald 95% CIs.

Sensitivity analyses.

We performed sensitivity analyses using an alternative definition of hypertension, as 

mortality may differ by controlled or uncontrolled hypertension.[45,46] The alternative 

exposure definition used three hypertension categories. Normotensive women had no 

indications of hypertension; women with controlled hypertension had SBP <140, DBP 

<90, and reported hypertensive medication use; and women with uncontrolled hypertension 
had SBP ≥140 or DBP ≥90 with or without reported use of hypertensive medication. We 

performed an additional sensitivity analysis for mortality events that occurred within 18 

months of the last attended visit, which included 23 additional mortality events. Further, 

we restricted the analysis to 2000-2019 to evaluate whether results were robust to potential 

increases in ART efficacy during later years of the study.

Results

The analysis sample contained 2,929 unique women and 57,034 study visits from 

1995-2019, with 42.7% of visits occurring from 2010 to 2019. The median number of 

visits contributed by each woman was 16 (IQR: 10, 32). The median age at analysis baseline 

was 39 years (IQR: 33, 46) while the median age over all visits was 45 (IQR: 39, 52; range: 

18-89) (Table 1). The median age at visits with hypertension (50, IQR: 44, 56) was higher 

than at visits without (42, IQR: 36, 49). Most visits were attended by non-Hispanic Black 

women (59.4%), followed by Hispanic women (23.7%) and non-Hispanic white women 

(13.6%). Women reported having insurance coverage at 86.7% of visits. Current smoking 

(40.9% vs. 39.8%) and heavy alcohol use (>7 drinks per week) (7.9% vs 7.7%) were similar 

at hypertensive and normotensive visits. Obesity (50.2% vs. 34.0%) and diabetes (24.5% vs. 

7.7%) were more common at hypertensive visits (Table 1).

The prevalence of hypertension was 26.6% at analysis baseline, and women were 

hypertensive at 34.5% of all visits (Table 1). Non-Hispanic Black women had hypertension 

at 41.7% of visits. Non-Hispanic white women and Hispanic women had hypertension at 

25.2% and 22.6% of visits, respectively. Among women ≤40, 40- <55, and ≥55 years of age, 

the proportions of visits with hypertension were 14.9%, 36.2%, and 60.5%, respectively. 

Among visits with non-missing insurance data, more women had hypertension at visits with 

reported health insurance (38.1%) than without health insurance (25.6%).

Within one year of a visit, 641 women experienced death from any cause. The crude RR 

comparing the one-year risk of death among women at visits with hypertension to those 

without was 1.63 (95% CI: 1.48, 1.80), and the crude RD was 1.0% (95% CI: 0.7%, 1.2%).
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Main analysis.

The covariate standardized one-year RR and RD estimated from the parametric g-

computation main effects model were similar to the IPTW estimates, indicating adequate 

model specification for the parametric g-computation model (data not shown). Upon 

including interaction terms in the parametric g-computation model, the estimated one-year 

risks of mortality for women with hypertension and without hypertension at their visit, 

respectively, were 2.0% (95% CI: 1.8%, 2.3%) and 1.8% (95% CI: 1.6%, 1.9%). The RR 

comparing women with hypertension at their visit to women without was 1.16 (95% CI: 

1.01, 1.33), and the RD was 0.3% (95% CI: 0.0%, 0.6%) (Table 2).

Analysis of health disparities.

RDs and RRs modestly varied by racial-ethnic categories, age, and health insurance 

coverage (Table 2). Hispanic women with hypertension at their visit had 1.23 (95% CI: 

0.86, 1.77) times the one-year risk of all-cause mortality than Hispanic women without 

hypertension. The RR for non-Hispanic Black women was 1.19 (95% CI: 1.04, 1.37). 

Among non-Hispanic white women, those with hypertension at their visit had 0.93 (95% CI: 

0.58, 1.48) times the risk for all-cause mortality than those without hypertension. The RRs 

and RDs did not linearly increase or decrease with age (Table 2). The estimated RRs and 

RDs comparing women with hypertension to those without was greatest among women who 

were ≤40 years of age at their visit (RR: 1.64, 95% CI: 1.19, 2.26).

Insurance status did not modify the estimates of hypertension and one-year risk of all-cause 

mortality. At visits where women reported no health insurance, the RR was 0.97 (95% CI: 

0.60, 1.56), which was slightly lower than visits with health insurance (RR: 1.17, 95% CI: 

1.03, 1.34).

Sensitivity analyses.

Using the alternate exposure definition for hypertension, 69.8% of women were 

normotensive, 21.4% had controlled hypertension, and 8.8% had uncontrolled hypertension. 

The RR comparing the risk of all-cause mortality for controlled hypertension to the risk for 

no hypertension was 1.22 (95% CI: 0.89, 1.66) (Table S1, Supplementary Digital Content). 

The RR comparing the mortality risk for uncontrolled hypertension to the risk for no 

hypertension was 1.13 (95% CI: 0.83, 1.54) (Table S2, Supplementary Digital Content). We 

saw no qualitative differences in our estimates when extending the risk window from 12 to 

18 months (Table S3, Supplementary Digital Content). Restricting the analysis to the years 

2000-2019 yielded qualitatively similar results as the main analysis (data not shown).

Discussion

We assessed the relationship between hypertension and one-year risk of all-cause mortality 

among women with HIV with a reported history of triple combination ART in the WIHS. 

Women with hypertension, compared to those without, had an increased one-year risk of 

death among women with treated HIV. The RDs and RRs varied slightly by age and racial-

ethnic category. While variations were modest, they were consistent with current knowledge 
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about disparities in the prevalence, incidence, and control of hypertension, as well as the 

incidence of cardiovascular events.[13,24,47–50]

The higher RRs for non-Hispanic Black and Hispanic women reflect racial-ethnic disparities 

in the relationship between hypertension and mortality. Results may help clinicians target 

subgroups of women with treated HIV who may benefit from prioritizing hypertensive 

treatment. This disparity aligns with racial disparities that exist in the prevalence of 

hypertension and incidence of cardiovascular events.[24,48] It is important to note racial-

ethnic categories do not fully capture exposure to racism and structural racism, which are 

known to negatively impact health, including cardiovascular health.[25,51]

The prevalence of hypertension at analysis baseline (26.6%) and included visits (34.5%) 

were lower than a recent estimate among people with HIV engaged in care (42.4%),[21] but 

were within the range of prevalence estimates among people with HIV globally.[47] Further, 

we observed disparities in the prevalence of hypertension: Non-Hispanic Black women were 

hypertensive at 41.7% of their visits, compared to 25.2% of non-Hispanic white women and 

22.6% of Hispanic women. Older women were more likely than younger women to have 

hypertension at their visit. The proportion of current smoking did not substantially differ by 

hypertensive status, a phenomenon that has been previously observed in HIV cohorts.[52] 

However, women who were never smokers were slightly more likely to be normotensive at 

their visit.

Access to health care, partially reflected by health insurance coverage, is associated with 

improved management of chronic diseases, such as hypertension,[51] but loss of health 

insurance can increase the risk of loss of hypertension control.[26] Health insurance status in 

the WIHS cohort is mostly stable, as most do not experience insurance interruptions, though 

change of insurance type is fairly common.[26,53] Estimated RRs and RDs were slightly 

higher among insured women than uninsured women, though confidence intervals were 

wide. This seemingly paradoxical finding is common in mortality studies among people with 

HIV as people with severe disease or risk of death are more likely to be insured.[54,55] 

Further, less than 10% of visits were attended by women without insurance, resulting in 

underpowered stratified analyses.

People with controlled hypertension have improved mortality and cardiovascular disease 

outcomes compared to those who have uncontrolled hypertension.[45,46] However, our 

sensitivity analysis using the controlled, uncontrolled, and no hypertension definition 

revealed minimal differences in the risk contrasts for visits with controlled and uncontrolled 

hypertension, compared to visits without hypertension. The estimates for visits with 

controlled and uncontrolled hypertension agreed with the binary definition of hypertension 

in the main analysis, though confidence intervals were less precise due to decreased sample 

sizes in the uncontrolled and controlled hypertension groups.

Hypertension increases the risk for adverse health outcomes, leading to decreased quality 

of life or chronic illnesses, not only cardiovascular events or deaths.[56] While the 

WIHS cohort ascertains cause of death among participants using death certificates and 

the NDI, determining primary cause of death is challenging and often misclassified on 
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death certificates.[57] The most common cause of death in the WIHS was AIDS until 2002 

and non-AIDS causes thereafter, which included non-AIDS malignancies and liver- and 

cardiovascular-related deaths.[30,58] Our time-restricted sensitivity analysis indicated our 

results were not sensitive to including visits prior to the modern ART era, likely because 

most study visits occurred after 1999 and analysis inclusion criteria required at least triple 

combination ART.

We applied a novel method (i.e., parametric g-computation) to answer our research question; 

but this analysis presents some limitations. Parametric g-computation estimates the causal 

RR and RD assuming no uncontrolled confounding, causal consistency of the exposure, no 

measurement error, and correct model specification.[38,39,42] Blood pressure, a continuous 

measure, was used to create a binary hypertension variable. Within levels of the binary 

exposure, blood pressure has varying levels of severity, as very high and very low blood 

pressure have a strong relationship with mortality.[28,59] Nevertheless, this threshold aligns 

with clinical practice guidelines for pharmacologic treatment of hypertension.[28] Despite 

including several covariates in models to account for confounding, unobserved confounding 

remains a threat in observational research. Possible unmeasured confounders include diet, 

exercise, and other lifestyle factors; these data were not collected routinely during follow-up.

[45,46] Lastly, results may not be generalizable to all ART-treated women with HIV in the 

United States. Most women in the WIHS were engaged in HIV care and regularly attended 

study visits; therefore, they may be different than women with HIV not engaged in care. 

Despite limitations, this analysis builds upon previous research[6,21,24,26] and presents an 

application of parametric g-computation to estimate the effect of hypertension on one-year 

risk of mortality, rather than estimating conditional, associational measures from ordinary 

regression models.

The small increase in the one-year RD for all-cause mortality among women with 

hypertension, compared to women without, was not surprising given the short risk period. 

However, the increase in the one-year risk of death in the RR is notable. While we did 

not evaluate an intervention for hypertension (e.g., blood pressure lowering medication), 

evidence supports efficacy of lifestyle modification and pharmaceuticals to lower blood 

pressure.[28] The largest estimated RRs and RDs for mortality comparing women with 

hypertension to women without were among non-Hispanic Black women, Hispanic women, 

and women <40 years of age. Clinicians providing care to women of color with HIV or 

young women with HIV may want to prioritize reducing blood pressure through lifestyle 

modification or hypertensive medication. More attention is needed to understand disparities 

in the relationship between hypertension and mortality.

Women with HIV on ART had hypertension at over a third of their visits. Given the 

high prevalence in this population, this analysis underscores how even a moderate relative 

increase in risk of death can be clinically important. While hypertension may not have been 

the direct cause of death for women with treated HIV, improvements in population health 

can result from intervening on a condition with a modest to moderate association that is 

highly prevalent in the population, rather than a rare exposure with a strong association.[60] 

Thus, hypertension is a promising target for intervention to improve population health for 

women with treated HIV in the United States.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Measurement timing of key variables in the relationship between hypertension and mortality 

in the WIHS

Vt (center) is the visit of interest. Values for diabetes, CD4 cell count, kidney function, 

HIV viral suppression, and high LDL are from the previously attended visit (Vt-1) which 

was approximately six months prior to Vt. Values used from Vt includes alcohol use, 

age, BMI, ART drug classes, history of hypertension, income, injection drug use, health 

insurance status, nadir CD4 cell count, non-injection drug use, race/ethnicity, and smoking 

status. The outcome, mortality, is measured one year after Vt. BMI, body mass index; ART, 

antiretroviral therapy; LDL, low-density lipoprotein.
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