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Abstract

Background: Human immunodeficiency virus (HIV) induces several metabolic derangements 

that contribute to cardiovascular disease (CVD), but it is unclear if HIV increases diabetes or 

hypertension risk. Refining longitudinal relationships between HIV-specific factors and CVD risk 

factors across different care settings may help inform CVD prevention among people with HIV 

(PWH).

Methods: We tested the hypothesis that long-term higher cumulative viral load (viremia-copy-

year) is associated with higher risk of diabetes mellitus (DM) and hypertension (HTN) by 

analyzing electronic records of PWH from two distinct health systems in Chicago (Northwestern 

Medicine and Howard Brown Health Care) receiving care in 2004-2019. We used joint 

longitudinal-survival models to assess multivariable-adjusted associations. Subgroup analysis per 

site were also conducted.

Results: We observed 230 (3.0%) incident DM cases in 7,628 PWH without baseline DM 

and 496 (6.7%) HTN cases in 7,450 PWH without baseline HTN. Pooled analysis showed 

a direct association of viremia-copy-year with incident HTN (HR:1.20, 95%CI:1.14-1.26) but 

not with DM (HR:1.03, 95%CI:0.96-1.10). However, site-specific differences existed whereby 

the Northwestern-only analysis demonstrated a significant association of viremia-copy-year with 

HTN (HR:1.29, 95%CI:1.08-1.32). Additionally, higher social deprivation index (both sites) and 

diagnosis of mental health disorder (Howard Brown Health only) was associated with higher DM 

and HTN risk.
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Conclusions: Cumulative viral load may be associated with incident HTN among PWH. 

Associations of HIV control with CVD risk factors among PWH may differ by health care system 

context.
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I. Background

Cardiovascular disease is a leading cause of death among people with human 

immunodeficiency virus (HIV) on anti-retroviral treatment (ART).[1] Randomized trials 

demonstrated that early ART initiation and sustained viral suppression (through continuous 

ART use) significantly reduce the risk of cardiovascular disease (CVD).[2,3] Subsequent 

observational studies have supported this, with higher HIV viremia and lower CD4 count 

associating consistently with CVD events among people with HIV (PWH).[4]

While the reduction in CVD events through viral suppression is clear, studies investigating 

associations of viral suppression with intermediate CVD risk factors such as hypertension 

(HTN) and diabetes mellitus (DM) have yielded less consistent results. This is despite 

several plausible pathogenetic mechanisms involving chronic inflammation and immune 

dysfunction that arises from HIV.[5-8] Follow-up data from the Starting Timing of 
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Antiretroviral Treatment trial demonstrated that the group with lower cumulative viral load 

did not experience significantly different risks of HTN and DM, as rates were comparable 

between the two treatment arms (early ART initiation vs deferred).[3] Meanwhile, more 

recent observational studies have found that PWH have significantly higher prevalence of 

HTN[5,9,10] and DM[11,12] compared to the control populations without HIV. However, 

this finding has not been consistently observed, especially for DM. [13]

Prior studies used only one-time measures of viral load (VL) (usually baseline) as the 

main predictor. This measure fails to account for the dynamic changes in VL during 

treatment and inadequately captures cumulative viral exposure.[14,15] Using cumulative 

VL, operationalized as viremia-copy-year, as a predictor can overcome this limitation and is 

useful for studying incident outcomes in PWH.[16,17] One study that applied this approach 

found that higher viremia-copy-years was associated with higher HTN risk, although limited 

data were available regarding exact timing of HTN.[18] Finally, none of the prior studies 

have directly compared association in risk across different health systems.

In this study, we analyzed associations of cumulative VL with risk of HTN and DM among 

PWH seen at two distinct urban healthcare systems – one a large academic tertiary care 

center and the other a community healthcare organization focused on lesbian, gay, bisexual, 

transgender, and queer (LGBTQ+) health.

II. Methods

A. Study Design and Data Source

We utilized data collected during the course of clinical care from electronic health 

data repositories of two healthcare systems in Chicago: Northwestern Medicine (NM) 

(2004-2019) and Howard Brown Health (HBH) (2012-2019). NM is a large academic health 

system in the greater Chicago area. HBH is a federally qualified health center with nine 

locations in Chicago with a focus on LGBTQ+, low-income, and uninsured populations. 

Data pulls were done by data analysts employed by the respective organizations. This 

work is part of studies cleared by the Northwestern Medicine and Howard Brown Health 

institutional review boards. Because of the sensitive nature of the data collected for this 

study, requests to access the dataset from qualified researchers trained in human subject 

confidentiality protocols may be sent to the two review boards.

B. Eligibility criteria

For this analysis, we included data from all adults (≥18 years) with HIV with documented 

positive HIV test results and who had at least three VL tests from their first recorded VL 

test up to 2019. Depending on the outcome assessed, those that had the cardiometabolic 

condition of interest at baseline were excluded from the analysis (e.g., only those without 

DM at baseline were included in the incident DM analysis).

C. Main Predictor

The main exposure of interest is cumulative VL operationally measured as (log-)viremia-

copy-year. To calculate this, repeated measures of VL were obtained from electronic health 
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records. If reported as below the limit of detection, the value was replaced to be 20 

copies/mL. Log-transformation was done to improve normality of VL.

D. Primary Outcomes and Case definition

Our two primary outcomes were incident HTN and incident DM and were determined using 

published EHR phenotypes based on diagnosis codes, medications, or labs.[19] The earliest 

time the person met any of the criteria was used as the date of diagnosis. Incident cases were 

those that appeared at least 90 days after the first HIV VL. (see Supplemental Methods)

E. Covariates

Demographic and clinical variables at baseline were extracted from the EHR. Baseline 

variables common to both sites (base set) include age at first VL, gender (male, not male; 

male from HBH include transgender male), race/ethnicity, insurance status, body mass 

index, baseline CD4 count (square-root transformed to improve normality), and year for first 

VL. We also adjusted for HTN at baseline in the DM analysis and DM at baseline in the 

HTN analysis.

Dataset specific covariates were also available which could be used for site-specific 

subgroup analyses involving social determinants of health (SDOH). NM had data on 

smoking status (assumed no record as non-smoking) and complete addresses which allowed 

linkage to the 2015 Social Deprivation Index (SDI) at the 9-digit zip code level.[20] The 

HBH dataset included sexual orientation, gender modality,[21] poverty status (≤100%, 100-

≤200%, >200% federal poverty line (FPL)), housing status (permanent housing vs not), 

diagnosis of mental health disorder (binary), and substance use disorder (binary). HBH data 

was also linked to the ACS data, but due to data availability, at lower neighborhood precision 

of 5-digit zip code levels.

F. Statistical Analysis

To investigate the association of viremia-copy-year with incident DM/HTN we used joint 

longitudinal-survival modelling[22,23] implemented using the JMBayes package[24] in 

R4.1/RStudio.[25,26]

Briefly, this approach uses a longitudinal model to estimate VL over time. The model 

then calculates (log-)viremia-copy-year which is used as a time-varying exposure in the 

survival model. Joint modeling is the appropriate approach for incorporating a time-varying 

endogenous variable, such as viremia-copy-year, in survival analysis. Extended cox models, 

the usual approach, inadequately account for endogeneity and produce erroneous findings.

[27] Joint models also allow the number and timing of repeated longitudinal measurements 

to vary across individuals making it suitable for EHR data.

For the pooled analysis, the longitudinal component modeled log-transformed VL over 

time and adjusted for site, age, gender, and year of first VL and the survival component 

adjusted for cumulative VL and a base set of variables which included site, age, gender, 

race & ethnicity, insurance status, body mass index (BMI), DM/HTN at baseline, CD4 

count, and year of first VL (See Supplemental Methods). We compared the results of this 
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pooled analysis to a Cox proportional hazards model adjusting for baseline VL instead of 

viremia-copy-year.

Also, we conducted site-specific subgroup analysis that examine any association between 

the event and SDOH while taking advantage of unique variables available to only one of 

the datasets. We decided to adjust for all theoretically relevant individual-level variables in 

the survival component. Since there were multiple collinear neigbhorhood-level variables 

available from the SDI dataset, we ran three different models: using SDI, using community 

poverty, and using proxies of segregation (%Black and %Hispanic population).

To account for missing data in our analyses, we generated 20 imputed data sets using 

multiple imputation by chained equations via the mice package.[28]. (see Supplemental 

Methods and Table S1 for missingness details).

III. Results

A. Cohort description

We included 7,628 PWH in the DM analysis and 7,450 in the HTN analysis, with ~70% of 

the samples coming from HBH (Table 1). Most (71%) of the pooled sample were male, 47% 

were non-Hispanic White and the average age at first VL was around 36 (SD: 13). While 

50% of individuals in both cohorts had their first VL measurement at <100 copies/mL, this 

increased to 87% had VL <100 copies/mL by their most recent measurement. In the DM 

sample, 3% had HTN at baseline. Meanwhile, in the HTN sample, 7% had DM at baseline.

Comparing the two systems, there were comparably higher proportion of male PWH and 

non-Hispanic Black PWH at NM than HBH in both cohorts. PWH at NM were also more 

likely to have private insurance, have comorbid DM or HTN at baseline, have higher 

baseline VL, and lower baseline CD4 counts. Additional summary statistics for site-specific 

variables can be found in Table S2. Most of the PWH in both cohorts reside in the northern 

neighborhoods (where many LGBTQ+-focused services are located). HTN and DM cases 

were detected throughout the city with some low sample south and western neighborhoods 

having cases almost as high as the high sample north neighborhoods. (Figure S1)

There were 230 DM and 496 HTN events during follow-up. The HBH subsample had 

lower unadjusted incidence rates than the NM subsample for both DM (74 (1.4%) vs 156 

(6.8%) and HTN (136 (2.6%) vs 360 (16.9%)). The median time to event of the overall 

sample were 3.2 years for DM (Interquartile range (IQR):1.7-6.7) and 3.1 years for HTN 

(IQR:1.7-6.4) with longer median time to event for those in NM (DM: 5.4, IQR:2.7-7.8, 

HTN: 5.3, IQR:2.5-7.8) compared to HBH (DM: 2.7, IQR:1.4-5.2, HTN: 2.7, IQR:1.5-5.2).

The median time to event for incident DM cases (3.3, IQR:1.5-5.4) was comparable to 

median time to censoring for those who did not get diagnosed with DM (3.1, IQR:1.7-6.3). 

Those with incident DM had a lower number of VL tests during that period compared to 

non-cases (with DM: 6, IQR:3-11.8 vs no DM: 8, IQR:5-14). A similar pattern was seen 

in the HTN cohort with comparable lengths of follow-up (Time to HTN: 3.3, IQR:1.3-5.7 
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vs Time to censoring: 3.0, IQR:1.6-6.1) and lower VL tests in HTN cases (with HTN: 5, 

IQR:3-11 vs no HTN: 8, IQR: 5-13).

B. Pooled Analysis from Both sites

Using the pooled dataset, joint models adjusting for the base set variables available in both 

sites demonstrated that viremia-copy-year was not associated with incident DM (HR: 1.03, 

95%CI: 0.96-1.10) but was associated with incident HTN (HR: 1.20, 95%CI: 1.14-1.26).

(Table 2) Higher viremia-copy-year was associated with higher hazards of HTN. In contrast, 

sensitivity analysis with a standard Cox model that adjusts for the same base set covariates 

but used just baseline VL instead of viremia-copy-year showed no association of baseline 

VL with HTN nor DM. (Table S3)

Older age, male gender, Black and Hispanic race and ethnicity, being part of the NM 

subgroup, and higher baseline BMI were associated with significantly higher hazards for 

both DM and HTN. Higher baseline CD4 count was associated with higher hazards for 

HTN, but not DM. Having private or other insurance/uninsured were associated with lower 

DM and HTN risk. (Table 2)

C. Northwestern Medicine only

In the NM-only analysis which adjusted for the base set variables, smoking status, and SDI 

score, there was an association between viremia-copy-year and HTN (HR: 1.29, 95%CI: 

1.25-1.33) but not DM risk (HR: 1.05, 95%CI: 0.99-1.13). Like the pooled analyses, older 

age, male gender, Black race & ethnicity (vs white) and higher BMI were associated with 

significantly higher hazards for both outcomes. Hispanic and Other race and ethnicity 

was associated with higher DM but lower HTN risk. Higher CD4 score and history of 

smoking was also associated with higher HTN risk but not DM. Regarding neighborhood 

variables, higher SDI score, poverty rate, %Black population, and %Hispanic population 

were associated higher risk of DM and HTN. (Tables S4 and S5)

D. Howard Brown Health only

In the HBH-only analysis which adjusted for the base set variables and additional selected 

individual and neighborhood SDI score, there was no association between viremia-copy-year 

and the outcomes (DM: 1.01, 95%CI: 0.90-1.13; HTN: 0.98, 95%CI: 0.86-1.02).

Older age, higher BMI, Black or Hispanic race and ethnicity (vs white) and having 

public insurance (vs other/uninsured) were associated with higher risk of DM. In addition, 

transgender modality, having no access to permanent housing, higher income category, and 

having a mental health disorder were associated with increased risk of DM. Having HTN at 

baseline, have gay, lesbian, bisexual, or queer sexual orientation (vs heterosexual), and being 

uninsured (vs public) were associated with lower DM risk. Among neighborhood variables, 

higher SDI score and %Hispanic population were associated with higher DM risk. (Table 

S6)

Older age, higher BMI, non-white races and ethnicities, and having public insurance (vs 

other/uninsured) were associated with higher risk of HTN. Higher baseline CD4 count 
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and male gender were also associated with higher HTN risk. Additional individual-level 

variables that were associated with higher risk include gay/lesbian sexual orientation 

(vs heterosexual), having a household income <100% FPL (vs >200% FPL), having a 

mental health disorder diagnosis, and having a substance use disorder diagnosis. Living in 

neighborhoods with higher SDI score or higher %Black or %Hispanic population were also 

associated with higher HTN risk. (Table S7)

IV. Discussion

In this paper, we observed heterogeneous associations of HIV viremia-copy-year with 

incident HTN, and no association with incident DM, in two distinct health care contexts. 

Given prior observational and mechanistic data, we anticipated that higher viremia-copy-

year (poor viral suppression over time) would be associated with higher risk for DM and 

HTN. [6,29] However, we only observed this higher HTN risk with higher viremia-copy-

year in PWH being seen at an academic tertiary care setting but not in a community care 

setting. Among PWH, certain social determinants of health were also identified as important 

correlates of HTN and DM risk within the two health systems.

The differential association we observed arise from multiple mechanisms related to 

differences in the two health system contexts. NM handles multimorbid or older individuals 

who were more likely be insured than HBH. Older PWH (as in the general population) 

tend to have higher rates of HTN.[9,10] Those at NM were also observed for longer 

periods than HBH. Thus, NM likely accrued more events that HBH and had higher power 

to detect associations. Additionally, there could also be differences in ascertainment with 

more frequent detection and screening in NM, an academic setting, compared to HBH, a 

primary care setting. Differences in provision of HIV care also translates to differences in 

achievement of viral suppression. HBH had better suppression rates than NM, facilitated by 

the robust social referral system at HBH, despite lower rate of insurance. Fewer individuals 

would then have higher viremia-copy-year at HBH, and this again would translate to fewer 

events and lower power to detect association, even if an association existed. Overall, these 

issues stress the need to conduct system-specific analyses to avoid masking heterogeneity 

and better inform guidance for local practice.

Our models also identified important predictors of cardiometabolic risk in these health 

systems. As expected, older age and higher BMI were associated with elevated risk of DM 

and, along with ever smoking, HTN .[5,30] Higher baseline CD4 count was also found to 

be associated with increased risk of HTN, even after adjusting for a potential mediation 

through cumulative VL. Prior research have shown that chronic inflammation is important 

in the pathogenesis of HTN in PWH.[5] While CD4 is an important component of these 

inflammation (and immune dysfunction) processes, findings of epidemiologic studies on 

CD4 seem to be mixed.[7,31-33] Decomposing the effects of time varying CD4 counts (or 

other immune cells), independent of direct viral damage, is beyond the scope of our analysis 

and future work on the topic is encouraged.

SDOH affect outcomes through multiple synergistic and antagonistic mechanisms.[34] One 

mechanism is that bias and structural barriers could prevent access to healthcare. For 
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example, elevated HTN risk among Black PWH may stem from structural and interpersonal 

racism affecting preventive healthcare access and engagement.[34,35] These same factors, 

however, could also lead to less screening and underdiagnosis which may explain the 

observed lower HTN risk in uninsured.[36,37] Several SDOH produce chronic stress which 

influences metabolism and behaviors. Racial discrimination and having a mental health 

disorder could be sources of daily stress.[38,39] Additionally, having a mental health 

disorder which has been associated with social isolation and increased occurrence of 

traditional risk factors, both of which may increase HTN risk.[39,40] The combined result of 

different mechanisms, however, is hard to predict. We expected that LGBTQ+ would show 

higher risk because of minority stress and structural marginalizations.[41,42] However, LGB 

individuals had significantly lower risk of DM compared to heterosexual PWH. Explaining 

these surprising findings, especially how these variables interact with each other and the 

health system context (e.g., HBH have specific programs or focus towards LGBTQ+ and 

poor populations.) would be important for future work.

We also found the different measures neighborhood conditions were associated with both 

DM and HTN risk. These indicators maybe capturing lower neighborhood investments and 

availability of health or social support services in that can help maintain good health.[20,43] 

Importantly, the lack of significant associations for SDOH or neighborhood variables does 

not necessarily mean a lack of association with the outcome. Our inclusion of potential 

mediator variables (e.g., body-mass index) in the models could produce null findings.[44]

Our paper addresses an important gap in the literature by proper handling of temporality 

in the modeling, by adjusting for cumulative exposures instead of just baseline VL, and by 

using large samples from two distinct health systems. However, our approach does have 

limitations. Some are related to modeling. Joint models are susceptible to biased estimates 

from misspecification.[45] This was mitigated by adding flexibility through polynomial 

terms in the longitudinal model. Also, current software can handle only one time-varying 

exposure so we are unable to explore the role of time-varying CD4 or ART regimens on risk. 

We can’t confirm prior findings about ART classes and DM/HTN risk.[5,6] Further, given 

the diversity of ART regimens and switching, our sample is unlikely to be sufficient to detect 

associations with adequate precision.

Several limitations are related to using EHR which carries inherent risks of misclassification 

and informed presence bias. We attempted to mitigate risks by using previously published 

phenotyping rules and including only those with sufficient system engagement.[46,47] 

Relatedly, the HTN definition didn’t use blood pressure so we can’t account for changes 

due to the new ACC/AHA definition or instrument-related variation in blood pressure 

measurement.[48] We also have an incomplete data capture. Individuals could be lost to 

follow-up, and be diagnosed outside included health systems. We may be underestimating 

cumulative exposure especially for individuals diagnosed before entry to our database. Due 

to lack of de-duplication, there is also the possibility of counting the same individual twice. 

In addition, there were differences in availability and specification of SDOH variables, 

which could explain the different associations found in the system-specific analysis. Finally, 

most of the data reflects the care of PWH in Chicago during the era of universal ART which 

may not reflect context in other areas in the US, much less the globe. Thus, replication of 
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our analysis in other health systems or using research cohorts for HIV is recommended to 

confirm our findings and explore unanswered related questions.

Perspectives

Lowering cumulative VL exposure through anti-retroviral treatment directly reduces 

cardiovascular disease risk but may also indirectly reduce this risk through reduction of 

hypertension risk in PWH, especially older HIV populations. The differences in association 

between two health systems point to the need for system-specific analyses to better 

understand risk of patient under care and guide offered preventive services. In addition, our 

analysis pointed out the potential importance of mental health disorders and neighborhood 

conditions as correlates of DM and HTN risk. Future work on mechanisms how these SDOH 

variables translate to increased risk to guide development of interventions are needed. 

Overall, preventing HTN and DM among PWH requires more than just controlling HIV but 

also addressing behavioral and social factors, at individual and systemic levels.

Conclusion

Cumulative viral load maybe associated with risk of hypertension but not diabetes mellitus 

in PWH in certain health settings. Traditional risk factors and social determinants of health 

also play a role in the incidence of these conditions in the population. Future work to test 

replicability of these findings in other settings is recommended.
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List of Abbreviations and Acronyms

ART anti-retroviral treatment

BMI body mass index

CVD cardiovascular disease

DM diabetes mellitus

HBH Howard Brown Health

HIV human immunodeficiency virus

HTN hypertension
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LGBTQ+ lesbian, gay, bisexual, transgender, and queer

NM Northwestern Medicine

PWH people with HIV

VL viral load

SDOH social determinants of health
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VII.

Novelty and Relevance:

What is new?

a. Higher cumulative viral load was associated with increased risk of 

hypertension but not diabetes among people with HIV (PWH) at an academic 

health system but not in a network of primary care centers in Chicago.

b. Social factors, like neighborhood conditions, that affect healthcare access and 

stress was associated with hypertension and diabetes risk.

What is relevant?

a. Higher cumulative viral load may be associated with increased risk of 

hypertension but not diabetes.

b. Preventing hypertension and diabetes in PWH may require addressing social 

factors.

Clinical/Pathophysiological Implications

a. Our work raises the possibility that HIV viremia – and related tissue-specific 

and vascular immune/inflammatory dysregulation– affect pathophysiology 

underlying hypertension to a greater extent than for diabetes.
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Table 1.

Overview of the Analytical Sample

A. Diabetes Mellitus sample

Overall HBH NM p-value

n (n=7628) (n=5346) (n=2282)

Age (mean (SD)) 36.07 (12.85) 33 (12.11) 43.25 (11.60) <0.001

Male (%) 5393 (70.7) 3460 (64.7) 1933 (84.7) <0.001

Race & ethnicity (%) <0.001

 Black, non-Hispanic 1964 (25.7) 1232 (23.0) 732 (32.1)

 Hispanic 1196 (15.7) 979 (18.3) 217 (9.5)

 White, non-Hispanic 3574 (46.9) 2516 (47.1) 1058 (46.4)

 Other* 894 (11.7) 619 (11.6) 275 (12.1)

Insurance category (%)

 Government 1378 (18.1) 839 (15.7) 539 (23.6)

 Private 2669 (35.0) 1715 (32.1) 954 (41.8)

 Other/uninsured 3581 (46.9) 2792 (52.2) 789 (34.6)

HTN at baseline (%) 230 (3.0) 74 (1.4) 156 (6.8) <0.001

Body mass index 27.09 (6.32) 27.44 (6.67) 26.59 (5.75) <0.001

CD4 (cells/mL) [MD [IQR]) 462 [283, 668] 601 [409, 788] 435 [257, 628] <0.001

Viral load at baseline (MD [IQR]) 81 [20, 26427] 41 [20, 29667] 161.5 [36, 20249] <0.001

<100 copies/mL on first VL (%) 3901 (51.1) 2875 (53.8) 1026 (45.0) <0.001

<100 copies/mL on last VL (%) 6629 (86.9) 4676 (87.5) 1953 (85.6) 0.028

Incident DM (%) 230 (3.0) 74 (1.4) 156 (6.8) <0.001

Time to DM (MD [IQR]) 3.16 [1.67, 6.25] 2.69 [1.45, 5.14] 5.02 [2.46, 7.64] <0.001

Total number of VL (MD [IQR]) 9 [5, 15] 7 [5, 12] 15 [8, 23] <0.001

Time from First to Last VL (years, MD [IQR]) 3.24 [1.70, 6.47] 2.70 [1.45, 5.19] 5.37 [2.65, 7.77] <0.001

B. Hypertension sample

Overall HBH NM p-value

n (n=7450) (n=5318) (n=2132)

Age (mean (SD)) 35.73 (12.70) 32.89 (12.03) 42.80 (11.53) <0.001

Male (%) 5240 (70.3) 3438 (64.6) 1802 (84.5) <0.001

Race/etdnicity (%) <0.001

 Black, non-Hispanic 1892 (25.4) 1214 (22.8) 678 (31.8)

 Hispanic 1196 (16.1) 980 (18.4) 216 (10.1)

 White, non-Hispanic 3479 (46.7) 2503 (47.1) 976 (45.8)

 Other* 883 (11.9) 621 (11.7) 262 (12.3)

Insurance category (%)

 Government 1319 (17.7) 827 (15.6) 492 (23.1)

 Private 2575 (34.6) 1698 (31.9) 877 (41.1)

 Other/uninsured 3556 (47.7) 2793 (52.5) 763 (35.8)

DM at baseline (%) 496 (6.7) 136 (2.6) 360 (16.9) <0.001

 Body mass index 26.98 (6.24) 27.37 (6.61) 26.37 (5.54) <0.001
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A. Diabetes Mellitus sample

Overall HBH NM p-value

n (n=7628) (n=5346) (n=2282)

CD4 (cells/mL) (MD [IQR]) 458 [278, 666] 596 [408, 790] 429 [253, 619] <0.001

Viral load at baseline (median [IQR]) 86.50 [20, 26938] 40 [20, 29567] 211 [42, 22804] <0.001

<100 copies/mL on first VL (%) 3785 (50.8) 2863 (53.8) 922 (43.2) <0.001

<100 copies/mL on last VL (%) 6460 (86.7) 4649 (87.4) 1811 (84.9) 0.005

Incident HTN (%) 496 (6.7) 136 (2.6) 360 (16.9) <0.001

Time to HTN (MD [IQR]) 3.05 [1.60, 6.01] 2.69 [1.44, 5.15] 4.53 [2.18, 7.42] <0.001

Total number of VL (MD [IQR]) 9 [5, 15] 7 [5, 12] 14 [8, 23] <0.001

Time from First to Last VL (years, MD [IQR]) 3.2 [1.68, 6.42] 2.71 [1.45, 5.20] 5.34 [2.54, 7.78] <0.001

Notes:

*-
Others include Asian, Pacific Islander, Multiracial, and Unspecified. DM – Diabetes mellitus, IQR – interquartile range, HBH – Howard Brown 

Health, HTN – hypertension, MD – median, NM – Northwestern Medicine. VL – viral load.
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