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Cardiovascular Disease Risk Factor Control in People
With and Without HIV
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Background. Management of hypertension, dyslipidemia, diabetes and other modifiable factors may mitigate the
cardiovascular disease (CVD) risk in people with human immunodeficiency virus (HIV, PWH) compared with people without
HIV (PWoH).

Methods. This was a retrospective cohort study of 8285 PWH and 170 517 PWoH from an integrated health system. Risk factor
control was measured using a novel disease management index (DMI) accounting for amount/duration above treatment goals (0%
to 100% [perfect control]), including 2 DMIs for hypertension (diastolic and systolic blood pressure), 3 for dyslipidemia (low-
density lipoprotein, total cholesterol, triglycerides), and 1 for diabetes (HbAlc). CVD risk by HIV status was evaluated overall
and in subgroups defined by DMIs, smoking, alcohol use, and overweight/obesity in adjusted Cox proportional hazards models.

Results.  PWH and PWoH had similar DMIs (80%-100%) except for triglycerides (worse for PWH) and HbAlc (better for
PWH). In adjusted models, PWH had an elevated risk of CVD compared with PWoH (hazard ratio [HR], 1.18; 95% confidence
interval [CI], 1.07-1.31). This association was attenuated in subgroups with controlled dyslipidemia and diabetes but remained
elevated for PWH with controlled hypertension or higher total cholesterol. The strongest HIV status association with CVD was
seen in the subgroup with frequent unhealthy alcohol use (HR, 2.13; 95% CI, 1.04-4.34).

Conclusions. Control of dyslipidemia and diabetes, but not hypertension, attenuated the HIV status association with CVD. The
strong association of HIV and CVD with frequent unhealthy alcohol use suggests enhanced screening and treatment of alcohol
problems in PWH is warranted.

Keywords. HIV; cardiovascular disease; hypertension; dyslipidemia; diabetes.

Despite therapeutic advances and better prevention, cardiovas-
cular disease (CVD) remains the leading cause of morbidity
and mortality in the United States [1]. People with human im-
munodeficiency virus (HIV, PWH) have consistently higher
risks of acute myocardial infarction [2-4], stroke [5, 6], and
heart failure [7-9] compared with people without HIV
(PWoH). The etiology of CVD in PWH likely includes tradi-
tional CVD risk factors [10], HIV-specific inflammation and
immunodeficiency [4, 11-13], and adverse effects of certain an-
tiretroviral therapy (ART) medications [14-16].
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This excess risk of CVD in PWH has existed for decades
despite extensive research on prevalence, risk factors, and inter-
vention strategies [10]. One possibility is that primary preven-
tion of CVD, including control of lipids, hypertension, and
diabetes, is more challenging in PWH. HIV providers may
have less experience managing these conditions or have more
competing priorities than primary care physicians [17]. It is
also possible that current targets for hypertension, dyslipide-
mia, and diabetes may not have the same impact on outcomes
among PWH. Finally, key CVD modifiable risk factors (eg,
smoking, alcohol, obesity) might be more harmful for PWH
than for PWoH.

Here, our overall study goal was to investigate reasons for the
sustained higher risk of CVD among PWH. We address key
knowledge gaps, including whether there are differences by
HIV status in control of hypertension, dyslipidemia, and diabe-
tes using a novel disease management index (DMI) [18] that in-
corporates how far and for how long someone is above clinical
guideline targets and whether the CVD risk disparity for PWH
vs PWoH is similar across subgroups defined by well-
established modifiable CVD risk factors [19].
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METHODS

Study Population and Design

The study setting was Kaiser Permanente Northern California
(KPNC), a private, nonprofit integrated health system with
more than 4.5 million members, with membership demograph-
ics similar to the Northern California population [20]. The
source population consisted of an existing retrospective cohort
study [21] of PWH and demographically matched PWoH de-
signed to assess the health impacts of alcohol use and smoking
in PWH. During rooming procedures for primary care visits, all
adult KPNC members are routinely asked about current smok-
ing and daily and weekly alcohol use based on National Institute
on Alcohol Abuse and Alcoholism screening recommendations
[22]. The source cohort study included 11380 PWH (aged
>18 years) who were KPNC members between 1 July 2013 (roll-
out of routine alcohol use screening at KPNC) and 31 December
2017. The comparison group included 227600 PWoH
frequency-matched 20:1 to PWH by age, sex, race/ethnicity,
and baseline year. The final study population excluded those
from the source cohort study with no alcohol use screening re-
sults (n = 2276 PWH, n = 42 228 PWoH) and those with a prior
history of coronary heart disease or ischemic stroke (n =674
PWH, n=14575 PWoH), resulting in 8285 PWH and
170 517 PWoH. Baseline was defined as the first of the month
following the earliest date on which participants met eligibility,
including date of first alcohol screen, HIV date (for PWH only),
start of KPNC enrollment, and eighteenth birthday. PWH were
followed from baseline until CVD or censored due to death, loss
to follow-up, or administrative end of study.

Data Sources and Measurements

The primary data sources were the KPNC HIV registry and
electronic health record (EHR). The KPNC HIV registry main-
tains a database of all HIV patients, with HIV status confirmed
by manual chart review. EHR databases capture diagnoses, lab-
oratory tests, and pharmacy fills. Primary outcomes were inpa-
tient or outpatient CVD diagnoses, including coronary heart
disease and ischemic stroke. Comorbidities evaluated were hy-
pertension (>2 outpatient diagnoses or 1 outpatient diagnosis
and hypertension medications filled), dyslipidemia (elevated
low-density lipoprotein [LDL] >130 mg/dL or total cholesterol
>240 mg/dL), or diabetes mellitus (inclusion in the KPNC
Diabetes Registry [23]).

We computed 6 DMIs [18], including 2 for those with hyper-
tension (diastolic blood pressure [DBP] and systolic blood
pressure [SBP]), 3 for those with dyslipidemia (LDL, total cho-
lesterol, and triglycerides), and 1 for those with diabetes
(HbA1c). The DMI measures how effectively a condition is
managed over time, similar to the concept of cigarette pack-
years, with details regarding its calculation provided in the
Supplementary Appendix. Briefly, among those with a history

of the condition, the DMI simultaneously quantifies both the
duration and the extent of a patient’s deviation from a
guideline-based threshold. We chose clinical targets in use dur-
ing the study period as follows: DBP <90 mmHg and SBP
<140 mmHg [24]; <200 mg/dL, <130 mg/dL, and <150 mg/dL
for total cholesterol, LDL cholesterol, and triglycerides [25];
and <48 mmol/mol (ie, 6.5%) for HbAlc [26]. All DMIs
were computed for 6-month intervals, with carry forward for
1 year for blood pressure and HbAlc and 2 years for lipids.
The DMI is computed as 1 minus the ratio of the amount
and duration out of control divided by the total days during
the defined interval of interest, with a range from 0% (no con-
trol) to 100% (complete control).

Additional CVD risk factors of interest were unhealthy alco-
hol use, smoking (current or noncurrent), and overweight/
obesity (ie, body mass index >25 kg/m?). Unhealthy alcohol
use was defined as reporting either any heavy drinking days
(4+/5+ drinks for females and males aged >65 years and males
aged <65 years) or reporting an average 8+/15+ drinks in a
week in the last 90 days [22]. We categorized alcohol use as
none, moderate (any use not meeting unhealthy definition), in-
frequent heavy alcohol use (<5 days in last 90 days with 4+/5+
drinks), and frequent heavy alcohol use (5 or more days in last
90 days with 4+/5+ drinks) [21]. Other baseline covariates in-
cluded age, sex, race/ethnicity, alcohol use disorder diagnosis
(ever prior), depression diagnoses (ever prior), neighborhood
deprivation index (NDI) score (based on recent address) [27],
number of outpatient visits (in prior year), HIV transmission
risk factor, CD4+ T-cell count (most recent in prior year),
HIV RNA levels (most recent in prior year), and prior clinical
AIDS (ever prior).

Statistical Analyses

Our first objective was to evaluate differences by HIV status in
control of hypertension, dyslipidemia, and diabetes. As detailed
in the Supplementary Appendix, among those with a history of
hypertension, dyslipidemia, and diabetes, we measured DMIs
over 6-month intervals (participants could contribute up to 9
observations throughout follow-up). First, we analyzed DMI
as a continuous outcome. To account for multiple observations
contributed per participant, we used generalized estimating
equation regression models with the identity link and a work-
ing covariance structure to estimate differences in mean DMI
by HIV status. Models adjusted for age, sex, race/ethnicity,
NDJI, insurance status, depression, overweight/obesity, alcohol
use disorder, unhealthy alcohol use, and smoking. Next, we an-
alyzed DMIs as a dichotomous outcome using a DMI cutoff of
<80% (ie, above guideline cutoffs for 20% or more of days dur-
ing interval was considered out of control). We computed ad-
justed prevalence ratios (PRs) by fitting modified Poisson
regression models with a log link and robust standard errors
[28], with adjustment for the same covariates as above.
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Our second objective was to assess differences in risk of CVD
by HIV status. We report hazard ratios (HRs) from a series of 3
Cox proportional hazards models, using time from baseline as
the time scale. Our first set of analyses estimated the HR for
overall association of HIV status on risk of coronary heart dis-
ease, ischemic stroke, or the composite outcome of CVD (first oc-
currence of each outcome analyzed separately). Adjusted models
included HIV status, age, sex, race/ethnicity, NDI, insurance sta-
tus, depression, overweight/obesity, alcohol use disorder, alcohol
use, smoking, hypertension, dyslipidemia, and diabetes. We per-
formed a sensitivity analysis for the overall association of HIV
status on CVD risk that consisted of complete case analyses ex-
cluding those with missing baseline data. In our second set of
analyses, we estimated the HR for HIV status on risk of CVD
within subgroups defined by level of control of hypertension,
dyslipidemia, and diabetes. As detailed in the Supplementary
Appendix, we estimated the associations of HIV status with
CVD among those without the condition, among those with
the condition but in control (ie, DMI >80%), and among those
with the condition but out of control (ie, DMI <80%). Finally,
the third set of Cox models estimated the HR for the association
of HIV status on CVD risk within subgroups defined by alcohol
use, smoking, and overweight/obesity.

Analyses were performed with SAS (Version 9.4; Cary, NC).
The study was approved by the KPNC Institutional Review
Board, including waivers of written informed consent.

RESULTS

As shown in Table 1, there were 8285 PWH and 170517
PWoH. These groups were similar with respect to age (mean,
47 years for PWH and 48 years for PWoH), sex (91% males
among PWH and 90% among PWoH), and race/ethnicity
(45% race/ethnicities other than White non-Hispanic among
PWH and 46% among PWoH), which were matching variables
in the source cohort study. Other notable baseline differences
included a greater number of outpatient visits and higher prev-
alence of depression, alcohol use disorders, and current smok-
ing among PWH and greater prevalence of overweight/obesity
in PWoH. PWH were generally well treated, with 79% on ART
at baseline and 74% with undetectable HIV RNA levels, with a
mean 651 CD4 T cells/pL.

Control of Hypertension, Dyslipidemia, and Diabetes

Blood pressure, cholesterol, and HbAlc raw results were simi-
lar by HIV status (Figure 1), and average adjusted DMIs indi-
cated a high level of control, with most DMIs >80%. Adjusted
DMIs were generally similar by HIV status, except for reduced
control of triglycerides for PWH and better control of HbAlc.
Similar to continuous DMI results, the largest differences with
dichotomous measures were noted for triglycerides and
HbAlc, with a higher percentage with inadequate control

Table 1. Baseline Characteristics

People Without
Human
Immunodeficiency

People With Human
Immunodeficiency

Characteristic Virus (n=8285) Virus (n=170517)
Mean age, (SD), y 47.2 (12.0) 48.0 (13.0)
Males, N (%) 7549 (91.1) 153482 (90.0)
Race/ethnicity, N (%)?
Black, non-Hispanic 1243 (15.6) 28356 (16.9)
Hispanic 1504 (18.9) 31206 (18.6)
White, non-Hispanic 4400 (55.2) 90910 (54.3)
Other, non-Hispanic 822 (10.3) 17022 (10.2)
N missing 316 3023
Neighborhood deprivation
index quartile, N (%)?
1 (least deprived) 2413 (29.2) 39904 (23.5)
2 1655 (20.1) 41440 (24.4)
3 1863 (22.6) 42 858 (25.2)
4 (most deprived) 2322 (28.1) 45842 (27.0)

N missing 32 473
Insurance, N (%)

Commercial 6589 (79.5) 146 340 (85.8)
Medicare 1380 (16.7) 19013 (11.2)
Medicaid 213 (2.6) 3570 (2.1)
Other 103 (1.2) 1594 (0.9)
Depression, N (%) 2608 (31.5) 20986 (12.3)
Overweight/Obese, N (%)? 4842 (59.4) 130151 (78.0)

N missing 127 87/25)

Mean outpatient visits (SD) 14.2 (17.9) 7.3(10.6)
Alcohol use disorder, % 871 (10.5) 11821 (6.9)
Alcohol use, %
Abstained 4705 (56.8) 85177 (50.0)
Moderate 2719 (32 8) 62611 (36 7)
Unhealthy (infrequent) 594 (7. 15178 (8.
Unhealthy (frequent) 267 (3. ) 7551 (4. )
Current smoker, N (%) 898 (10.8) 14788 (8.7)
Hypertension, dyslipidemia, or 4139 (50.0) 88568 (51.9)
diabetes history, N (%)
Hypertension 1606 (19.4) 39505 (23.2)
Dyslipidemia 3415 (41.2) 70551 (41.4)
Diabetes 641 (7.7) 16700 (9.8)

All comparisons are statistically significant (P <.05) except dyslipidemia.
Abbreviation: SD, standard deviation.

#Percentages based on those with nonmissing values.

among PWH for triglycerides (33% vs 23%; adjusted PR,
1.52;95% CI, 1.45-1.59) but lower for HbA1c (42% vs 54%; ad-
justed PR, 0.80; 95% CI, .75-.86; Table 2).

Association of HIV Status With Risk of CVD Overall

PWH experienced 450 CVD events (215, coronary heart dis-
ease; 246, ischemic stroke) with an 8.0% 4-year cumulative
risk; PWoH experienced 7648 CVD events (3754, coronary
heart disease and 4058, ischemic stroke) with a 6.8% cumulative
risk. The adjusted HR for CVD comparing PWH and PWoH
(reference) was 1.18 (95% CI, 1.07-1.31). HRs were similar in
magnitude for coronary heart disease with an adjusted HR of
1.19 (95% CI, 1.08-1.32) and ischemic stroke with an HR of

1266 « CID 2024:78 (15 May) « Silverberg et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad728#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad728#supplementary-data

5% { A Diastolic Blood Pressure .
I

90 mm Hg Adjusted Mean DMI

5% B Systolic Blood Pressure

140 mm Hg Adjusted Mean DMI

4% A PWH 95.5 (94.7-96.2) 4% 1 PWH 93.0 (92.1-94.0)
PWoH 96.1 (95.4-96.8) PWoH 93.0 (92.1-93.9)
3% 1 P <.001 3% P=.68
2% A 2%
19 \\ 16
0% 0%
50 100 150 50 100 150 200 250
mm Hg mm Hg

29:{C LDL Cholesterol 2%{ D Total Cholesterol

130 mg/dL Adjusted Mean DMI 200 mg/dL. Adjusted Mean DMI

PWH 93.7 (93.3-94.2)
PWoH 92.6 (92.2-93.0)
P<.001

PWH 86.1 (85.4-86.8)
PWoH 85.7 (85.1-86.3)

P<.00f
19 4

50 100 150 200 250
mg/dL

w{E Triglycerides
150 mg/dL Adjusted Mean DMI
PWH 79.1 (77.6-80.6)

PWoH 86.7 (85.6-87.9)

50 100 150 200 250 300 350
mg/dL

494 F HbAIc

48 mmol/mol

Adjusted Mean DMI
PWH 70.3 (66.6-74.1)
PWoH 62.6 (59.4-65.9)

g P<.001
1% 1
0 S0 100 130 200 250 300 350 400 430 500 550 600 0 50 100 150

mg/dL

Figure 1.
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Cardiovascular disease management indices by human immunodeficiency virus (HIV) status. Plots depict crude results of 6 clinical measures by HIV status in-

cluding diastolic blood pressure (A), systolic blood pressure (B), LDL cholesterol (C), total cholesterol (D), triglycerides (£), and HbA1c (F). Solid line plots are results for PWH,
and dotted plots are results for PWoH. For each measure, we also present the adjusted mean DMIs and 95% confidence intervals by HIV status, which were obtained from
generalized estimating equation models with adjustment for age, sex, race/ethnicity, neighborhood deprivation index, insurance status, depression, overweight/obesity,
alcohol use disorder, unhealthy alcohol use, and smoking. P values indicate differences in DMIs by HIV status. Abbreviations: DMI, disease management index; HbA'c,
hemoglobin A1C; LDL, low-density lipoprotein; PWH, people with human immunodeficiency virus; PWoH, people without human immunodeficiency virus.

1.22 (95% CI, 1.11-1.34). Thus, subsequent analyses only eval-
uated overall CVD. A complete-case sensitivity analysis exclud-
ing those with missing baseline data had minimal effect, with a
corresponding adjusted HR of 1.18 (95% CI, 1.07-1.30) for as-
sociation of HIV status with CVD.

Association of HIV Status With Risk of CVD by Level of Control
of Hypertension, Dyslipidemia, and Diabetes

The association of HIV status and CVD remained among those
with no history of the condition, ranging from 1.19 (95% CI,
1.04-1.37; Figure 2A) for those without hypertension to 1.25
(95% CI, 1.07-1.46; Figure 2E) for those without dyslipidemia.
Among those with hypertension, the elevated risk of CVD re-
mained for those with 100% control for SBP (HR, 1.24; 95%
CI, 1.08-1.43; Figure 2A) and 100% control for DBP (HR,
1.19; 95% CI, 1.04-1.37; Figure 2B). In contrast, the associations
with HIV status were attenuated and nonsignificant for those
with 100% control of LDL (Figure 2C), total cholesterol
(Figure 2D), triglycerides (Figure 2E), and HbAlc (Figure 2F).
For most conditions, there was no association between HIV

status and CVD for those with inadequate control (ie, DMI,
80%). One exception was for total cholesterol with 80% control
(HR, 1.22; 95% CI, 1.03-1.44; Figure 2D), with similar magni-
tude (although not significant) for those with 80% LDL control
(HR, 1.25; 95% CI, .92-1.69; Figure 2C).

Association of HIV Status With Risk of CVD by Alcohol Use, Smoking,
and Obesity

Several CVD-related health factors appeared to modify the as-
sociation of HIV status with CVD risk (Table 3). We noted an
HIV status association in subgroups that reported no alcohol
use (adjusted HR, 1.22; 95% CI, 1.09-1.38) and for those who
reported frequent unhealthy alcohol use (adjusted HR, 2.13;
95% CI, 1.04-4.34), but no difference by HIV status for moder-
ate use or infrequent unhealthy alcohol use. We found an in-
creased CVD risk for PWH among nonsmokers (adjusted
HR, 1.21; 95% CI, 1.09-1.34) but not among smokers.
Finally, we noted an increased CVD risk for PWH among those
who were not overweight/obese (adjusted HR, 1.32; 95% CI,
1.14-1.53) but not among those who were overweight/obese.
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Table 2. Cardiovascular Disease Risk Factor Control by Human
Immunodeficiency Virus Status

Adjusted Prevalence

% Inadequate Ratio (95% Confidence

Clinical Measure Control® Interval)®
Diastolic blood pressure
PWH 3.8 1.38 (1.20-1.58)
PWoH (reference) 3.3 1
Systolic blood pressure
PWH 6.9 0.98 (.89-1.09)
PWoH (reference) 7.5 1
Low-density lipoprotein cholesterol
PWH 4.6 0.70 (.62-.78)
PWoH (reference) 7.4 1
Total cholesterol
PWH 15.3 0.94 (.88-1.00)
PWoH (reference) 17.9 1
Triglycerides
PWH 33.0 1.52 (1.45-1.59)
PWoH (reference) 22.7 1
Hemoglobin A1C
PWH 41.9 0.80 (.75-.86)
PWoH (reference) 54.2 1

Abbreviations: PWH, people with human immunodeficiency virus; PWoH, people without
human immunodeficiency virus.

#Disease management index <80% during 6-month intervals.

°Adjusted prevalence ratio from Poisson regression models with robust standard errors, with
adjustment for age, sex, race/ethnicity, neighborhood deprivation index, insurance status,
depression, overweight/obesity, alcohol use disorder, unhealthy alcohol use, and smoking.

DISCUSSION

In this large, diverse cohort of PWH and PWoH identified from
the same health system, we noted generally excellent and sim-
ilar levels of control of dyslipidemia, hypertension, and diabetes
by HIV status. Overall, we found a 20% increased risk of CVD
for PWH compared with PWoH that were independent of clin-
ical and behavioral CVD risk factors. However, the CVD dis-
parity varied across key risk groups. First, the HIV status
association with CVD was attenuated among those with suc-
cessful control of dyslipidemia and diabetes but not hyperten-
sion. The HIV status association with CVD also remained
among those with inadequately controlled dyslipidemia.
Notably, the higher risk of CVD for PWH compared with
PWoH was sustained in subgroups without a history of un-
healthy alcohol use, smoking, or overweight/obesity. Finally,
we found that PWH who reported frequent heavy alcohol use
endured a 218% higher risk of CVD compared with PWoH.
Others have compared cardiovascular risk scores (eg,
Framingham or American College of Cardiology/American
Heart Association [ACC/AHA] CVD risk scores) by HIV status,
which incorporate cholesterol and blood pressure, including a
Swiss HIV cohort study and a prior KPNC study that indicated
better scores for PWH compared with the general population
[29, 30]. Similar to our study, an analysis in the Veterans
Administration (VA) noted better control of diabetes in PWH

compared with PWoH [31]. Differences in risk factor control
by HIV status may be explained by use and adherence of
CVD medications. Regarding statins, a clinic-based study noted
greater use for PWH [32], while a large outpatient survey found
reduced statin use for PWH compared with PWoH with a statin
indication [33]. A large outpatient survey also noted no differ-
ences by HIV status in use of hypertensive medications [33].

Similar to prior studies, we noted an increased risk of CVD
in PWH compared with PWoH that was independent of behav-
ioral and clinical risk factors [2-9]. However, the key contribu-
tion here is the evaluation of the variability of the HIV status
disparity across key subgroups. First, we noted an attenuation
of the HIV status association among those with a history of dys-
lipidemia or diabetes with 100% control. However, the higher
CVD risk for PWH remained for those with 100% control of
SBP or DBP. PWH with cholesterol that was inadequately con-
trolled also had a higher CVD risk compared with PWoH.
These findings together suggest that more aggressive clinical
targets for dyslipidemia and hypertension may be needed for
PWH. Regarding lipids, the landmark Randomized Trial to
Prevent Vascular Events in HIV (REPRIEVE) [34] confirmed
that statin use among PWH with low to moderate CVD risk sig-
nificantly reduced the risk of major adverse cardiovascular
events compared with placebo. In light of our findings, similar
studies are warranted for hypertension.

Another important finding was that higher risk of CVD
in PWH compared with PWoH was sustained among those
without a history of hypertension, dyslipidemia, diabetes,
smoking, and alcohol use. A VA study similarly found a
higher risk of CVD for PWH compared with PWoH only
in the subset with no reported alcohol use, smoking, and
depression [35]. The higher rate of CVD for PWH com-
pared with PWoH in those without these risk factors may
indicate the importance of HIV-specific risk factors in the
etiology of CVD in PWH, including adverse impacts of
immunosuppression and/or HIV-induced inflammation,
as supported by findings from our prior research [4, 6]
and others [11-13].

In contrast, the higher risk of CVD for PWH compared with
PWoH was attenuated in subgroups with specific risk factors,
including those who reported smoking; those who were over-
weight/obese; and those with inadequate control of hyperten-
sion, triglycerides, and diabetes. One possible explanation of
these findings is that there is a higher overall risk of CVD in
those subgroups; thus, HIV-specific risk factors (ie, immuno-
suppression and inflammation) may only have marginal effects.
However, a notable exception to this pattern was the >200%
higher risk of CVD for PWH compared with PWoH with fre-
quent unhealthy alcohol use. Similarly, a VA study found that
alcohol was more strongly associated with prevalent CVD in
PWH compared with PWoH [36]. The Multicenter AIDS
Cohort Study also noted that heavy alcohol use was associated
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Figure 2. Association of human immunodeficiency virus (HIV) status and cardiovascular disease (CVD) by control of hypertension, dyslipidemia, and diabetes. Hazard ratios
(HRs) and 95% confidence intervals (depicted by vertical lines) for association of HIV status (people without human immunodeficiency virus as reference) with CVD for those
without a condition of interest (ie, hypertension, dyslipidemia, and diabetes), and among those with the condition by level of control (ie, DMI 100% and DMI 80%). Six
separate models were constructed corresponding with management of systolic blood pressure (SBP) (A), diastolic blood pressure (B), LDL cholesterol (C), total cholesterol
(D), triglycerides (£), and HbA1c (F). HRs were from Cox proportional hazards models with terms for HIV status, age, sex, race/ethnicity, neighborhood deprivation index,
insurance status, depression, overweight/obesity, alcohol use disorder, alcohol use, smoking, and indicators for hypertension, dyslipidemia, and diabetes. In addition,
for each of 6 the models, we included the following terms (using systolic blood pressure as an example): a term for the corresponding DMIs (eg, systolic blood pressure
DMI); interaction term for HIV status x diseases of interest (eg, hypertension); and interaction term for HIV status*DMI (eg, HIV status*systolic blood pressure DMI).
Each panel depicts 3 HRs for association of HIV status with CVD in 3 groups (eg, no hypertension history; 100% DMI for SBP; 80% DMI for SBP). Abbreviations: DMI, disease
management index; HbA1c, hemoglobin A1C; LDL, low-density lipoprotein.

with coronary artery plaque among PWH only, while low to Key strengths of the study include examination of a large
moderate alcohol use was protective in PWoH only [37]. cohort of PWH and demographically similar PWoH from
These findings suggest that alcohol use may be particularly ~ the same health system, comprehensive and highly accurate
harmful for PWH. ascertainment of HIV status and CVD, and use of the novel
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Table 3. Association of Human Immunodeficiency Virus Status and Cardiovascular Disease by Alcohol, Smoking, and Body Mass Index Subgroups

Unadjusted Adjusted

Subgroup HR? (95% ClI) P Interaction HR? (95% CI) P Interaction
Alcohol use subgroups 12 .18

Abstain 1.27 (1.14-1.43) 1.22 (1.09-1.38)

Moderate 1.01 (.84-1.23) 1.03 (.85-1.26)

Unhealthy (infrequent) 0.98 (.60-1.59) 1.26 (.77-2.04)

Unhealthy (frequent) 1.77 (.87-3.62) 2.13 (1.04-4.34)
Smoking subgroups .83 12

No current 1.23(1.11-1.35) 1.21 (1.09-1.34)

Current 1.18 (.84-1.65) 0.92 (.65-1.29)
Body mass index subgroups 24 .18

Not overweight/obese 1.34 (1.16-1.56) 1.32 (1.14-1.53)

Overweight/obese 1.14 (1.00-1.29) 1.10 (.97-1.25)

Abbreviations: Cl, confidence interval; HR, hazard ratio.

“Hazard ratios from Cox proportional hazards models for association of human immunodeficiency virus (HIV) status (people without HIV reference) and cardiovascular disease. Adjusted
models include terms for age, sex, race/ethnicity, neighborhood deprivation index, insurance status, depression, overweight/obesity, alcohol use disorder, alcohol use, smoking, prior
hypertension, dyslipidemia, and diabetes, and interaction terms for HIV status and each of the 3 health factors (alcohol use, smoking, body mass index).

index for measuring risk factor control. There are several
study limitations. First, there is likely unmeasured con-
founding for factors not routinely collected in the her,
such as diet, exercise, and family history of CVD, and resid-
ual confounding for measured factors, such as smoking,
which was measured as current or noncurrent. However,
any misclassification is likely nondifferential by HIV
status. There may be limited generalizability to some
PWH including the uninsured, women, and transgender
people for whom sex-based alcohol screening methods
may be inadequate [38]. Nevertheless, the closed system
of KPNC ensured internal validity, and the source of insur-
ance was diverse with >20% public sources (ie, Medicare,
Medicaid) [39].

In summary, we found that PWH engaged in care had ex-
cellent control of hypertension, dyslipidemia, and diabetes.
Yet, PWH had a sustained higher risk of CVD compared
with PWoH, including among those without a history of es-
tablished CVD risk factors. Results also indicated that while
effective control of dyslipidemia and diabetes may help re-
duce the CVD disparity in PWH, elevated CVD risks are con-
cerning despite well-controlled hypertension. PWH with
elevated cholesterol were also at greater CVD risk. Future re-
search is needed to assess benefits and harms of more aggres-
sive hypertension targets (eg, 130/80 mm Hg per recent ACC/
AHA guidelines [40]) for PWH. The REPREIVE trial [34] has
also confirmed PWH as a high-risk group who benefit from
statin therapy at lower thresholds. Finally, a striking finding
was the 218% higher risk of CVD among PWH reporting fre-
quent unhealthy alcohol use. This warrants additional re-
search on enhanced alcohol screening and interventions for
PWH with frequent unhealthy alcohol use who have rarely
been studied in order to prevent CVD and other adverse alco-
hol consequences.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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