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A B S T R A C T

Effective antiretroviral therapy (ART) is now nearly ubiquitous. However, the survival benefits conferred with 
ART contribute to an aging human immunodeficiency virus (HIV) population and increased risk of chronic 
diseases, like atherosclerotic cardiovascular disease (ASCVD). Furthermore, HIV is a known risk enhancer of 
ASCVD and acknowledged as such in the current 2018 AHA/ACC Blood Cholesterol guidelines [1]. This makes 
cardiovascular risk factor identification and modification among people living with HIV (PLWH) of increasing 
importance to prevent cardiovascular events. In this review, we aim to summarize the epidemiology and path-
ogenesis of how HIV is linked to atherogenesis and to discuss cardiometabolic risk factor modification specific to 
PLWH, covering obesity, hypertension, insulin resistance, metabolic dysfunction-associated steatotic liver dis-
ease, and dyslipidemia.

Central illustration. Cardiometabolic and atherosclerotic risk factors among 
PLWH. Abbreviations: ART, antiretroviral therapy; HIV, human immunodefi-
ciency virus; T2DM, type 2 diabetes mellitus; MASLD, metabolic dysfunction- 
associated steatotic liver disease; RNA, ribonucleic acid; ASCVD, atheroscle-
rotic cardiovascular disease.

1. Introduction

With the increased effectiveness and availability of antiretroviral 
therapy (ART), human immunodeficiency virus (HIV) has made an 
epidemiological transition to a chronic disease. Globally, there are more 
than 35 million people living with HIV (PLWH). This improvement in 
survival has been matched with a rise in non-communicable illnesses, 
particularly cardiovascular disease.

In a 2018 meta-analysis of 793,635 PLWH and a total of 3.5 million 
person-years of follow-up, the global prevalence of cardiovascular dis-
ease attributed to HIV nearly tripled over the past 26 years, with a crude 
rate of ASCVD of 61.8 per 10,000 person-years [2]. This increased 
prevalence varies regionally, with the largest portion of 
disability-adjusted life-years lost in sub-Saharan Africa and the Asia 
Pacific. Further, PLWH have an increased risk of myocardial infarction 
compared to people without HIV, with a relative risk ranging from 
approximately 50% to doubling of risk [3–6]. Not to mention, PLWH are 
at increased risk of ischemic stroke, heart failure, and sudden cardiac 
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death compared to people without HIV [7–11].
The pathophysiology behind atherosclerosis development and pro-

gression in HIV is multifactorial, including HIV and ART-specific effects, 
co-infections, psychosocial factors, disparities in care, and metabolic 
comorbidities. For one, HIV causes chronic immune activation and 
inflammation [12,13]. Elevated biomarkers of inflammation (i.e., 
interleukin-6, tumor necrosis factor receptors α-1 and α-2), monocyte 
activation markers (i.e., soluble CD163 and CD14), and coagulation 
activity (i.e., D-dimers) are associated with increased vessel inflamma-
tion, endothelial dysfunction, and atherosclerotic plaque formation, 
instability, and risk of rupture [14–18]. This immune response may be 
further stimulated by co-pathogens, such a cytomegalovirus [19]. Even 
in the setting of sustained HIV viral suppression, PLWH have increased 
risk of ASCVD compared to those without HIV [3]. Certain ART, such as 
protease inhibitors [20,21], have also been associated with elevated 
ASCVD risk, as have social determinants of health, including disparities 
in care access, stigmatization, social support, neurocognitive decline, 
and substance use, particularly smoking [22–29]. Finally, HIV and 
certain ART are both implicated in the pathogenesis of metabolic 
comorbidities. Like the general population, cardiometabolic comorbid 
conditions such as hypertension, obesity, dyslipidemia, insulin resis-
tance, and metabolic dysfunction-associated steatotic liver disease are 
important ASCVD risk factors, making the interplay of HIV, its associ-
ated factors, and cardiovascular diseases quite complex.

Despite this, few randomized clinical trials exist within the cardio-
vascular and cardiometabolic space investigating cardioprotective 
strategies and thresholds for initiating cardiovascular disease prevention 
strategies among PLWH. The Strategies for Management of Antiretro-
viral Therapy (SMART) Study Group was the first to investigate the 
impact of disease control through episodic or continuous antiretroviral 
therapy and cardiovascular disease, finding increased risk among those 
with low CD4+ counts [30]. The Randomized Trial to Prevent Vascular 
Events in HIV (REPRIEVE) investigated the use of statins to prevent 
atherosclerotic cardiovascular disease among PLWH who are at 
low-to-moderate risk for cardiovascular events, demonstrating a mean-
ingful risk reduction among those receiving pitavastatin [31]. Given the 
relative lack of adequately powered randomized controlled trials among 
PLWH, our present understanding of cardiovascular disease prevention 
and treatment in HIV largely relies on large observational studies.

Even so, recent cohort studies, meta-analyses, and guidelines have 
highlighted the growing prevalence of cardiometabolic diseases among 
PLWH and recognized HIV as a cardiovascular risk enhancer. Current 
guidelines often vary in their screening and management recommen-
dations, as data is constantly evolving and often derived via casual 
inference from retrospective cohort studies. This review aims to sum-
marize the pathogenesis, epidemiology, risk factors, major guideline 
recommendations, and when relevant clinical trial data for specific 
cardiometabolic diseases associated with ASCVD among PLWH (Central 
Illustration). While existing guidelines such as the United States 
Department of Health and Human Services Panel provide detailed 
guidance on dyslipidemia management among PLWH specifically, we 
provide a more holistic approach covering a spectrum of car-
diometabolic issues in HIV. We also offer our own clinical approach to 
managing cardiometabolic diseases among PLWH in an effort to better 
optimize ASCVD risk.

2. Obesity and weight gain

2.1. Pathogenesis

While uncontrolled HIV is associated with a state of catabolism and 
wasting, there has been a rising proportion of overweight and obese 
individuals living with HIV since the introduction of ART [32–34]. HIV 
and ART promote adipose tissue deposition via increased systemic 
inflammation and altered gene expression, immunologic regulation, and 
reversal of the catabolic state of uncontrolled viremia [35–42].

2.2. Epidemiology

Like the general population, the prevalence of overweight and 
obesity among PLWH appears to be increasing over time. An evaluation 
of prospective data from the U.S. Military HIV Study (1985–2004) found 
a near two-fold increase in overweight (25% versus 41%) and near four- 
fold increase in obesity (3% versus 12%) at the time of HIV diagnosis 
from 1985–1990 compared to 1996–2004 [32], rates of increase that 
appear quicker than the general population [43]. Similarly, using data 
from the North America AIDS Cohort Collaboration on Research and 
Design (NA-ACCORD) and the United States National Health Nutrition 
Examination Survey (NHANES) on 14,084 PLWH who started ART from 
1998–2010, the prevalence of obesity at ART initiation increased from 
9% to 18% over the same timeframe [33]. In addition to increased 
overweight and obesity prevalence at time of HIV diagnosis, there seems 
to be a temporal trend linked with increased ART uptake. Among the 
NA-ACCORD and NHANES population, after 3 years of ART, 22% of 
those with normal body mass index had become overweight and 18% of 
those overweight at baseline had developed obesity [33]. Similarly, 
among 681 ART-naïve PLWH (2000–2008), 20% of individuals with 
normal starting body mass index developed overweight or obesity after 
24 months of ART [34]. Finally, in the Swiss HIV Cohort Study popu-
lation, the prevalence of overweight and obesity increased from 13% 
(12% overweight, 1% obese) in 1990 to 38% (29% overweight, 9% 
obese) in 2012, coinciding with an increase in ART use from 38% to 92% 
[44].

2.3. Factors associated with increased risk of weight gain, overweight, and 
obesity

Factors associated with increased weight gain among PLWH include 
lower body mass index at diagnosis [32], African American race 
[44–48], female sex [46–50], and comorbid conditions such as hyper-
tension [50] and diabetes [50]. HIV-specific factors include lower 
baseline or nadir CD4 count [44–46,50,51], increasing CD4 count over 
time [32], higher baseline HIV RNA level [46,50], decreasing HIV RNA 
level over time [32], longer HIV and ART duration [32,48], and more 
recent year of diagnosis [32].

While the initiation of ART is a well-cited risk factor for the devel-
opment of overweight or obesity, this seems to be a class and 
medication-specific effect. Studies examining older nucleoside reverse 
transcriptase inhibitors (NRTIs) and non-nucleoside reverse transcrip-
tase inhibitors (NNRTIs) have not been associated with weight gain [40,
44], whereas more recent studies investigating integrase strand transfer 
inhibitors (INSTIs) have been associated with weight gain, particularly 
dolutegravir (DTG) [40,50–56]. Tenofovir alafenamide (TAF)-contain-
ing regimens, although a NRTI, are associated with higher weight gain 
compared to other NRTI-based regimens [40,42,56]. The combination of 
INSTI and TAF is associated with greater weight gain than INSTI or TAF 
alone [56,57]. The findings of these cohort studies were confirmed with 
a systematic review and meta-analysis of 73 studies examining weight 
gain associated outcomes between various ART-based therapies. In this 
meta-analysis, Kanters et al. demonstrated DTG-based regimens had 
higher weight gain than efavirenz (EFV), elvitegravir/cobicistat 
(EVG/c), and rilpivirine (RPV)-based regimens and similar weight gain 
to raltegravir (RAL) and bictegravir (BIC) [46]. Further, the analysis 
found that TAF promoted higher weight gain compared to other NRTIs 
such as tenofovir-disoproxil-fumarate (TDF), abacavir (ABC), and zido-
vudine (ZDV) [46,47,51].

2.4. Guideline recommendations and special management considerations

Guidelines generally recommend obtaining a weight at each visit, at 
time of diagnosis, and prior to starting ART, with management for 
overweight and obesity extrapolated from that of the general population 
(Table 1). Among the general population, weight loss efforts typically 
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focus on lifestyle modification and if needed pharmacotherapy. Current 
medications approved for obesity management include orlistat, 
bupropion-naltrexone, phentermine-topiramate, glucagon-like peptide 
1 receptor agonists (GLP1-RA) (i.e., semaglutide, liraglutide), and tir-
zepatide (GLP1-RA and glucose dependent insulinotropic polypeptide 
receptor agonists (GIP-RA)). However, scant literature examining the 
efficacy and safety of these medications among PLWH exists. Published 
case reports examining orlistat noted temporal recrudescence of HIV 
viremia in the setting of lipophilic ART raising safety concern among 
PLWH [58,59]. Several cohort studies have documented effectiveness of 
GLP1-RA and GIP-RA among PLWH. For semaglutide, a recently pub-
lished observational study using data from the Centers for AIDS 
Research Network of Integrated Clinical Systems (CNICS) cohort found 
an average weight loss of 6.47 kg at 1 year (95% CI -7.67 to -5.18) in 
patients with HIV [60]. Another retrospective cohort study among 
PLWH found an average weight loss of 5.4 kg after an average of 13 
months of semaglutide [61]. Further, the same study found an associa-
tion between tirzepatide, a glucose-dependent insulinoptropic poly-
peptide with GLP-1 and GIP activation, and >5% weight loss in 
multivariable analysis [61]. In general, with the exception of ART that 
require low gastric pH for absorption (i.e. atazanavir, rilpivirine), 
GLP1-RA and GIP-RA are metabolized by endopeptidases and do not 
have major drug-drug interactions with most ART, making them very 
reasonable agents for obesity management in this population [62].

3. Hypertension

3.1. Pathogenesis

The pathogenesis of hypertension among PLWH is incompletely 
understood and likely multifactorial, including traditional hypertension 
risk factors such as sociodemographic, hereditary, and behavioral in-
fluences as well as HIV-related factors. Proposed mechanisms for HIV 
and ART-related hypertension include chronic inflammation, immune 
reconstitution, lipodystrophy, and gut microbial translocation, which 
have all been linked directly or indirectly to activation of the sympa-
thetic and renin-angiotensin-aldosterone systems, ultimately promoting 
hypertension [66–70].

3.2. Epidemiology

Cohort studies of PLWH have documented widely varied hyperten-
sion prevalence, ranging from 4–57% [71–76]. A 2017 meta-analysis of 
49 studies (2011–2016) with 63,554 PLWH found an estimated hyper-
tension prevalence of 25.2% (95% CI 21.2%-29.6%), with 
ART-experienced having higher prevalent hypertension compared to 
ART-naïve (34.7% versus 12.7%) [77]. A more recent 2021 
meta-analysis of 59 studies with 11,101,581 individuals (both PLWH 
and HIV-negative individuals) found a lower risk of hypertension among 
PLWH compared to HIV-negative individuals (RR 0.90, 95% CI 
0.85–0.96); however, there was significant heterogeneity between 
included studies (I2 = 97%, p<0.0001) [78]. Interestingly, this study 
found the relationship varied by geographic location, with higher risk 
among PLWH in North America (RR 1.12, 95% CI 1.02–1.23) and lower 
risk among PLWH in Africa (RR 0.75, 95% CI 0.68–0.83) and Asia (RR 
0.77, 95% CI 0.63–0.95) [78]. Accurate and precise prevalence esti-
mates of hypertension are challenging due to a plethora of reasons. For 
example, differences in methodology of data collection, the re-defining 
of hypertension in 2017 by the American College of Cardiology/Amer-
ican Heart Association Task Force on Clinical Practice Guidelines, and 
innate demographic differences and varying levels of HIV/AIDS control 
studied all make it difficult to disentangle the HIV effect on blood 
pressure.

3.3. Factors associated with increased risk of hypertension

Factors associated with increased risk of hypertension among PLWH 
are similar to the general population, include increasing age [76,77,
79–81], elevated body mass index and abdominal obesity [71,72,75,76,
80–83], alcohol consumption [71,79], family history [71,79], lack of 
physical exercise [71], and comorbid medical conditions such as dia-
betes and hyperlipidemia [75,76,80,81]. HIV-specific factors include 
longer duration of ART [71,79], longer duration of HIV [75,79,81], 
lower baseline CD4 count [71], and receipt of ART [74,77]. Rarely have 
single cohort studies found no association or even a negative association 
between receiving ART and hypertension [75,84].

3.4. Guideline recommendations and special management considerations

The IDSA Guidelines on Primary Care of Persons with HIV and the 
European AIDS Clinical Society (EACS) 2023 Guidelines recommend 
obtaining blood pressure (BP) measurements at HIV diagnosis, prior to 
ART initiation, and screening at subsequent visits whereas the 2017 
ACC/AHA Multisociety High Blood Pressure (ACC/AHA) Guidelines and 
the 2023 European Society of Hypertension (ESH) Guidelines do not 
provide specific recommendations for PLWH (Table 2). Similarly, 
guidelines do not make distinct blood pressure goals or management 
recommendations for PLWH and thus management can follow that of 
the general population. Regarding goal BP, ACC/AHA, ESH, and EACS 
guidelines generally recommend a goal BP<130/80 mmHg, particularly 
for adults with high ASCVD risk, though ESH provides additional age- 
based treatment targets [65,85,86]. Further, management strategies 
include lifestyle interventions such as weight loss, dietary reduction of 
sodium, physical activity, and reduction in alcohol consumption and 
pharmacotherapy with angiotensin-converting enzyme inhibitors, 
angiotensin II receptor blockers, dihydropyridine calcium channel 
blockers, and thiazide-type diuretics generally as first-line agents, 
though providers should check for drug-drug interactions with ART 
regimen (see Section 7 for recommendations).

4. Insulin resistance/type 2 diabetes

4.1. Pathogenesis

Data surrounding the association between HIV and type 2 diabetes 

Table 1 
Major guideline recommendations for obesity and weight management among 
PLWH.

Major Guideline Baseline Tests Recommendations

IDSA Guidelines on 
Primary Care of 
Persons with HIV 
[63]

-Obtain weight at HIV 
diagnosis

-Weight measurement at 
every visit 
-No specific weight/weight 
loss goal mentioned

2013 ACC/AHA 
Multisociety 
Guideline for 
Management of 
Overweight and 
Obesity in Adults 
[64]

-No specific 
recommendations

-Does not make distinct 
recommendations regarding 
screening or treatment 
recommendations for PLWH 
-Goal body mass index <25 
kg/m2 or a weight loss of 
5–10% of baseline weight 
within 6 months for those 
with body mass index ≥25 
kg/m2

European AIDS Clinical 
Society (EACS) 2023 
Guidelines [65]

-Obtain body mass index 
at HIV diagnosis and 
prior to ART initiation

-Weight management 
should focus on 
individualized goals, 
nutrition, physical activity, 
intensive evidence-based 
structured weight 
management programs, and 
consideration of metabolic 
surgery or weight loss 
medications (i.e., 
semaglutide, tirzepatide) 
-Individualized weight goals
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(T2DM) is mixed, with positive relationships linked to HIV and ART- 
associated lipodystrophy, inflammation, pancreatic cell dysfunction, 
and enhanced gluconeogenesis secondary to heightened glucocorticoid 
sensitivity [87,88].

4.2. Epidemiology

Among the first studies evaluating this association, the Women’s 
Interagency HIV Study, a prospective cohort study (1994–1998) of 1785 
women with no prior history of T2DM, found an incidence of T2DM 
among protease inhibitors (PIs) of 2.8 cases per 100 person-years (2.8%) 
compared to 1.2% among both reverse transcriptase inhibitors and 
women on no ART (p=0.01) and 1.4% among women without HIV 
(p=0.06) [89]. A follow-up study from the Women’s Interagency HIV 
Study found the incidence of T2DM varied based on diagnostic criteria. 
Specifically, among 1501 women living with HIV, the incidence per 100 
person-years was 1.55 (using fasting blood glucose with confirmatory 
fasting blood glucose) compared to 500 women without HIV (incidence 
0.85 per 100 person-years), a finding that reached statistical significance 
but did not hold when using alternative definitions for T2DM (such as 
HbA1c, reported T2DM diagnosis, or presence of T2DM medication [90,
91]. Shortly thereafter, the Multicenter AIDS Cohort Study (1999–2003) 
found a 14% prevalence of T2DM among men living with HIV compared 
to 5% for men without HIV, and an adjusted incident rate per 100 
person-years of 4.7 compared to 1.4, respectively (rate ratio = 4.11, 95% 
CI 1.85–9.16) [92]. In the Swiss HIV Cohort Study, the incidence of 
T2DM among PLWH was 4.4 per 1000 person-years of follow-up (95% 
CI 3.7–5.3) but did not have a control comparator [93]. The Data 
Collection on Adverse Events of Anti-HIV Drugs (D:A:D) cohort found a 
slightly higher incidence rate of 5.72 per 1000 person-years of follow-up 
(95% CI 5.31–6.13) but also did not have a control comparator [94]. 
Using nationally representative survey data 2009–2010 from the Med-
ical Monitoring Project (8610 PLWH) and the National Health and 
Nutrition Examination Survey (5604 individuals without HIV), a T2DM 
prevalence of 10.3% (95% CI 9.2%-11.5%) was found. This prevalence 
was 3.8% higher than adults without HIV (CI 1.8%-5.8%) [95]. Among 
PLWH in Sub-Saharan Africa, estimates of T2DM also varied greatly, 
ranging from 1% to 26% in 15 identified studies [96]. While these 
studies suggest a positive relationship or trend to, others less commonly 
have found negative relationships between HIV and T2DM.

For example, the Veterans Aging Cohort Study (1999–2011) found 

an increased incidence rate of T2DM among individuals without HIV 
compared to PLWH (27 versus 13 per 1000 person-years, p <0.001) 
[97]. Similarly, using data from the South Carolina Medicaid system and 
the enhanced HIV/AIDS Reporting System surveillance database 
(1994–2011), PLWH had lower risk of incident T2DM compared with 
matched, uninfected individuals (11.4 versus 13.6 per 1000 
person-years, p = 0.011) [98]. Important to note, the previously 
described studies often differed in how T2DM was identified and 
defined.

4.3. Factors associated with increased risk of T2DM

Several risk factors are associated with T2DM among PLWH 
including advancing age [89,95,97–99], longer duration of HIV infec-
tion [95], obesity [89,95,97–99], smoking [97], female gender [98], 
and non-white race/ethnicity [97,98]. Additionally, medications are 
strongly implicated in the relationship between T2DM and HIV. Studies 
using multivariate models to identify factors associated with T2DM have 
identified cumulative exposure to ART [94,98], PIs [89,93,98,99], and 
NRTIs [93]. Specific medications implicated have included stavudine, 
zidovudine, didanosine, indinavir, and dolutegravir [94,99,100]. A 
meta-analysis of 20,178 individuals and 41 observational studies found 
increased mean fasting plasma glucose concentrations (pooled mean 
difference 4.66, 95% CI 2.52–6.80) and increased odds of diabetes 
among ART-exposed PLWH compared to ART-naïve PLWH (pooled odds 
ratios 3.85, 95% CI 2.93–5.07) [101]. However, the association of ART 
with diabetes has not always been consistent. Interestingly, there is 
some data to suggest newer generation PIs and NRTIs are associated 
with a lower risk of diabetes [102].

4.4. Guideline recommendations and special management considerations

The IDSA Guidelines on Primary Care of Persons with HIV recom-
mends obtaining a random or fasting blood glucose and hemoglobin A1c 
prior to starting ART; however, after initiation of ART, only plasma 
glucose criteria should be used for screening and diagnosis of diabetes 
due to reported effects of ART on HbA1c levels, specifically PIs, NRTIs, 
and NNRTIs [63,103–105] (Table 3). More specifically, studies have 
found that HbA1c underestimates the prevalence of type 2 diabetes 
compared to fasting blood glucose levels due to factors such as increased 
RBC turnover, low-grade hemolysis, and ART-induced macrocytosis, 
and a lower HbA1c level of 5.8% improves sensitivity of diagnosing 
T2DM among PLWH [103,104,106,107]. The ADA agrees with this 
recommendation to use plasma blood glucose in the diagnosis of dia-
betes for PLWH and that screening should be performed before starting 
ART, at time of switching ART, and 3–6 months thereafter [108]. IDSA 
recommends that for PLWH meeting diagnostic criteria for diabetes, 
monitoring should be performed every 6 months with a plasma glucose 
or HbA1c level [63].

While the European AIDS Clinical Society (EACS) 2023 Guidelines 
provide similar screening recommendations, it also makes pharmaco-
logic management recommendations. Importantly, it recommends the 
use of GLP1-RA or SGLT2i based on risk profile, highlighting PLWH with 
known ASCVD, high-risk for ASCVD, chronic kidney disease, heart 
failure with reduced ejection fraction, and uncontrolled T2DM as pop-
ulations that would particularly benefit from one or both of the drug 
classes [65]. In particular, GLP1-RA have proven to be an excellent tool 
in mitigating ASCVD risk as well as diabetes and weight control. From 
the CNICS cohort study previously described, in addition to weight loss, 
PLWH experienced a 1.07% reduction in HbA1c at 1 year with sem-
aglutide, results similar to those without HIV, a finding that has held in 
other cohort studies [60,61].

Table 2 
Major guideline recommendations for hypertension among PLWH.

Major Guideline Baseline Tests Recommendations

IDSA Guidelines on 
Primary Care of 
Persons with HIV 
[63]

-Obtain blood pressure at 
HIV diagnosis

-Blood pressure screening at 
every visit 
-No specific blood pressure 
goal mentioned

European AIDS 
Clinical Society 
(EACS) 2023 
Guidelines [65]

-Obtain blood pressure at 
HIV diagnosis and prior 
to ART initiation

-Blood pressure screening 
annually 
-Recommended management 
follows the European Society 
of Cardiology and European 
Society of Hypertension 
guidelines 
-Goal BP of <130/80 mmHg

2017 ACC/AHA 
Multisociety High 
Blood Pressure 
Guidelines [86]

-No specific 
recommendations

-Does not make distinct 
recommendations regarding 
screening or treatment 
recommendations for PLWH 
-Goal BP of <130/80 mmHg

2023 European 
Society of 
Hypertension 
Guidelines [85]

-No specific 
recommendations

-Does not make distinct 
recommendations regarding 
screening or treatment 
recommendations for PLWH 
-Goal BP varies by age, 
<130/80 mmHg for adults 
<65 years of age
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5. Metabolic-dysfunction associated steatotic liver disease

5.1. Pathogenesis

Fatty liver disease has been described in PLWH since the early days of 
the HIV epidemic. While the term non-alcoholic fatty liver disease, or 
NAFLD, has fallen out of favor for metabolic dysfunction-associated 
steatotic liver disease, or MASLD, there is considerable overlap in the 
two disease entities [109] and will be used interchangeably moving 
forward. Mechanisms postulated to influence the development of 
MASLD among PLWH include metabolic factors (i.e., dyslipidemia, hy-
pertension, waist circumference, visceral adiposity, and insulin resis-
tance), immunologic/inflammatory factors [110], genetics [95,111,
112], medications (via direct drug toxicity and/or metabolism, hyper-
sensitivity reactions, mitochondrial toxicity, and immune reconstitution 
inflammatory syndrome (IRIS)) [113,114], influence of the gut micro-
biome [115,116], and HIV itself [117–121].

5.2. Epidemiology

Cohort studies examining the prevalence of MASLD among PLWH 
have reported the prevalence ranging from 26.6–51.0% depending on 
the population sampled [122–126]. A meta-analysis by Kalligeros et al. 
of 8230 PLWH and 43 studies found a prevalence of MASLD to be 33.9% 
based on imaging studies and 48.8% based on biopsy studies; however, 
these studies had substantial heterogeneity (I2 = 90.62% and 85.80%, 
respectively) [127]. In a different meta-analysis by Maurice et al. of 10 
studies, the prevalence of MASLD based on imaging was 35% and 
similarly had substantial heterogeneity (I2 = 85.3%) [128]. With the 
published variability and heterogeneity in prevalence of MASLD, it is 
important to note that study populations and methods for identifying 
steatohepatitis have ranged significantly, with majority relying on 
non-invasive imaging-based techniques for diagnosis.

5.3. Factors associated with increased risk of metabolic dysfunction- 
associated steatotic liver disease

Risk factors associated with MASLD among PLWH include increasing 
age [124–127,129], male gender [127,129–131], elevated BMI [124,
127,128,131], higher waist circumference [126–128,130–132], hyper-
tension [127,128,131], diabetes [127,128,131], dyslipidemia [127,128,
131,132], and elevated AST/ALT measurements [125,128,130,131], 
similar to the general population. Among HIV-specific factors, some 
studies have identified longer duration of HIV infection [127] and 
longer duration of ART [127,130,131] to be associated with increased 
MASLD risk. Further, concurrent infection with hepatitis B or C virus 
(HBV/HCV) has been shown to alter the risk of MASLD progression to 
fibrosis [133,134]. Other studies, however, failed to identify increased 
independent risk with HIV duration [128,132], ART duration [125,
128], and HIV viral load [132], though these latter studies frequently 
adjusted for dyslipidemia or waist circumference, adverse effects 
commonly associated with both HIV and ART.

Studies that looked at medications specifically had variable effects. 
From a mechanistic perspective, all antiretroviral drugs have some risk 
of hepatotoxicity. The most implicated pathogenesis among the different 
drug classes includes direct drug toxicity or drug metabolism (PIs, 
NNRTIs), hypersensitivity reactions (NNRTIs), mitochondrial toxicity 
via inhibition of mitochondrial polymerase gamma (NRTIs), or HBV 
reactivation (NRTIs) [95,135]. Clinical studies have found cumulative 
exposure to NRTIs such as stavudine and didanosine as well as PIs to be 
associated with increased MASLD risk [136–138]. Similarly, among a 
cross-sectional analysis of the Swiss HIV Cohort Study, current use of 
TAF was associated with liver steatosis whereas INSTIs were not [124]. 
On the contrary, in a meta-analysis by Kalligeros et al., the use of 
NNRTIs, NRTIs, and PIs were not associated with increased MASLD risk. 
Part of the conflicting evidence may be related to the generation of ART 
studied and comorbid conditions corrected for in multivariable analysis. 
For example, first-generation NNRTIs such as efavirenz and nevirapine 
are more strongly linked to liver toxicity than second-generation 
NNRTIs such as etravirine, rilpivirine, and doravirine [139].

5.4. Guideline recommendations and special management considerations

Major guideline recommendations are summarized in Table 4. The 
American Association for the Study of Liver Disease (AASLD) does not 
currently recommend MASLD screening in the general population nor do 
the guidelines recognize PLWH as a high-risk group for MASLD [109]. 
Similarly, the IDSA Guidelines on Primary Care of Persons with HIV does 
not specifically comment on the risk of or screening for MASLD among 
HIV, but rather focuses on overall liver assessment (i.e., liver enzymes, 
viral hepatitis serologies) [63]. Contrary to the major American 
Guidelines, the European AIDS Clinical Society (EACS) recommends 
periodic MASLD risk assessment for those with HIV and at least one 
additional risk factor (Table 4) [65].

Table 3 
Major guideline recommendations for insulin resistance and type 2 diabetes 
among PLWH.

Major Guideline 
Recommendations

Baseline Tests Recommendations

IDSA Guidelines on 
Primary Care of 
Persons with HIV [63]

-Obtain random or 
fasting blood glucose 
and HbA1c prior to 
ART initiation

-Once ART initiated, screen 
with plasma glucose 
annually; if abnormal, obtain 
fasting glucose 
-Once diabetes diagnosed, 
monitor at least every 6 
months with plasma glucose 
or HbA1c 
-Consider testing 1–3 months 
after starting or switching 
ART 
-HbA1c is not used to 
diagnose diabetes, consider 
threshold cutoff of 5.8% 
-Goal HbA1c <7%

American Diabetes 
Association [108]

-Obtain fasting blood 
glucose prior to ART 
initiation

-Once ART initiated, use only 
plasma glucose criteria to 
screen and diagnose diabetes 
-If initial screening results are 
normal, fasting blood glucose 
should be checked annually 
-Screen with fasting plasma 
blood glucose at time of 
switching ART and 3–6 
months thereafter 
-Goal HbA1c <7% for most, 
but less stringent goals 
dependent on risk versus 
benefit evaluation

European AIDS Clinical 
Society (EACS) 2023 
Guidelines [65]

-Obtain blood glucose 
test at HIV diagnosis 
and prior to ART 
initiation; if fasting 
abnormal, consider 
oral glucose tolerance 
test

-Uses same diabetes 
diagnostic criteria as World 
Health Organization 
-Screen annually 
-Cautions that HbA1c in 
treated PLWH tends to 
underestimate type 2 
diabetes 
-Glycemic management: 
Metformin or combination 
therapy with efficacy; 
recognizes spectrum of 
glucose lowering efficacy of 
GLP1-receptor agonists, 
insulin, metformin, SGLT2i, 
sulfonylureas, TZDs, and 
DPP-4i 
-Goal HbA1c 6.5–7%
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Regarding potential treatment for MASLD, there are currently no 
FDA-approved medications for the treatment of MASLD at any disease 
stage for the general population. However, clinical trials have shown 
drugs approved for associated comorbidities, such as thiazolidinediones 
(i.e., pioglitazone), GLP-1 receptor agonists (i.e., liraglutide, semaglu-
tide), vitamin E, tirzepatide, lipophilic statins, caffeine, and SGLT2 in-
hibitors to also have benefit in MASLD [140,141]. This benefit is likely 
derived by their ability to improve insulin sensitivity, weight loss, and 
hepatic steatosis.

These medications are likely to have similar effects among PLWH. A 
randomized controlled trial among HIV-positive individuals with pre-
diabetes who had evidence by fatty liver on ultrasound or controlled 
attenuation parameter (CAP) were randomized to pioglitazone or pla-
cebo. At 48 weeks, pioglitazone reduced CAP, liver stiffness, and fasting 
plasma glucose compared to control [142]. Another randomized, 
double-blinded multicenter trial among 61 PLWH found tesamorelin, a 
synthetic peptide analogue of growth hormone-releasing hormone, to 
significantly reduce central adiposity and hepatic fat fraction compared 
to placebo [140,143]. There are several novel medications currently in 
clinical trials aimed at targeting development of hepatic steatosis, 
oxidative stress, inflammation, and fibrosis [144,145].

6. Dyslipidemia

6.1. Pathogenesis

Several mechanistic pathways have been elucidated for dyslipidemia 
among PLWH. HIV is associated with higher levels of proatherogenic 
particles such as low-density lipoprotein cholesterol (LDL-C), particu-
larly small, dense oxidized LDL-C, very low-density lipoprotein choles-
terol (VLDL-C), and triglycerides (TG) and lower levels and functionality 
of anti-atherogenic particles such as high-density lipoprotein (HDL-C) 
[146,147]. Additionally, HIV-induced immune activation results in 
endothelial and smooth muscle cell dysfunction, infiltration of activated 
monocytes and macrophages in the endothelium, and foam cell forma-
tion [15,148,149]. All these factors contribute to enhanced atherogen-
esis and a noncalcified plaque phenotype prone to rupture [148].

6.2. Epidemiology

Similar to the general population, dyslipidemia remains an impor-
tant and prevalent atherosclerotic disease risk factor. In a meta-analysis 
of 39 peer-reviewed publications of 13,698 PLWH, dyslipidemia had a 
39.5% prevalence [150]. In African and Asian-based retrospective 
cohort studies specifically, reported estimated prevalence of dyslipide-
mia among PLWH were even higher at 55.2–86.6% and 82%, respec-
tively [62,151–153]. This prevalence of dyslipidemia is expected to 
continue to increase over time. Using the PEARL Model (ProjEcting Age, 
multimoRbidity, and polypharmacy), a forecasted simulation model of 
PLWH using ART, the prevalence of dyslipidemia in the United States is 
projected to rise from 42% in 2020 to 48% in 2030 [154].

6.3. Factors associated with increased risk of dyslipidemia

Factors associated with dyslipidemia among PLWH are similar to 
that of the general population, including age [62,151,155,156], smok-
ing [157], alcohol intake [152,157], and comorbid conditions such as 
overweight/obesity and central adiposity [84,151,155,156,158,159], 
hyperglycemia and diabetes [155,159], and hypertension [159].

Generally, the presence of HIV, the use of ART, and longer ART 
duration are associated with higher triglycerides, total cholesterol, and 
LDL-C and lower HDL-C [84,159–163]. Analyses have also found con-
flicting results regarding the risk of dyslipidemia with varying levels of 
disease control [151,155,159]; however, this relationship direction 
likely depends on cholesterol subtype. Lower CD4 is associated with 
increased risk of higher triglycerides and lower HDL but decreased risk 
of higher total cholesterol and LDL-C [156,158,163,164].

Several studies have looked at the effect of specific ART on dyslipi-
demia. A 2021 cohort study examining the incidence of dyslipidemia 
among PLWH receiving different ART found participants receiving 
INSTIs had lower incidence rate of dyslipidemia compared to those 
receiving PIs (adjusted incidence rate ratio 0.71; CI 0.59–0.85) but 
higher incidence rate compared to those receiving NNRTIs (adjusted 
incidence rate ratio 1.35; CI 1.15–1.58) [165]. Multiple other cohort 
studies have corroborated the increased risk of PI-associated dyslipide-
mia compared to INSTIs [166–168]. A 2023 systematic review of 73 
studies examining the impact of contemporary ART on dyslipidemia 
further confirmed this finding, again demonstrating the highest inci-
dence of dyslipidemia in PIs followed by INSTIs and then NNRTIs [169]. 
Within the drug classes, older generation PIs (i.e., indinavir, ritonavir, 
nelfinavir, etc.) have more adverse effects on dyslipidemia than do 
newer PIs (i.e., atazanavir, darunavir) [170]. Among INSTIs, EVG/c and 
RAL have been shown to have greater risk of dyslipidemia than DTG 
[165]. NNRTIs generally have fewer adverse effects on lipids and among 
NRTIs, thymidine analogs (i.e., zidovudine, didanosine, lamivudine, 
stavudine, etc.) have greater risk of dyslipidemia compared to 
non-thymidine analogs (i.e., abacavir, tenofovir) [170]. The newer 
formulation of TAF, like its increased risk of weight gain, has worse lipid 
effects compared to the older formulation tenofovir disoproxil fumarate 
[170].

6.4. Guideline recommendations and special management considerations

Major guideline recommendations are summarized in Table 5 and 
generally recommend obtaining a lipid profile at HIV diagnosis, prior to 
ART initiation, and after starting or switching ART. However, the 
guidelines differ in their recommended risk stratification tools (i.e. ACC/ 
AHA Pooled Cohort Equation, Framingham Risk Score, SCORE2/ 
SCORE2-OP, etc.) and how frequently to repeat the lipid profiles 
based on the starting lipid profile and risk assessments. Goal LDL-C 
levels are extrapolated from the risk-stratified goals of the general 
population; however, the 2018 AHA/ACC Multisociety Guideline on the 
Management of Blood Cholesterol (2018 AHA/ACC Cholesterol), the 
National Lipid Association (NLA), and the United States Department of 

Table 4 
Major guideline recommendations for MASLD among PLWH.

Major Guideline Baseline Tests Recommendations

IDSA Guidelines on 
Primary Care of 
Persons with HIV 
[63]

-Assess for evidence of liver 
damage, hepatitis, or 
systemic infection with liver 
enzymes and viral hepatitis 
serologies at HIV diagnosis

-Does not make distinct 
recommendations regarding 
MASLD screening or 
treatment recommendations 
for PLWH

American 
Association for 
the Study of Liver 
Disease (AASLD) 
[109]

-No specific 
recommendations

-Does not recommend 
MASLD screening in general 
population or PLWH 
-Does not specifically 
recognize PLWH as high-risk 
group for MASLD

European AIDS 
Clinical Society 
(EACS) [65]

-Perform liver disease risk 
assessment and liver 
enzymes at HIV diagnosis 
and prior to ART initiation

-Repeat risk assessment 
annually 
-Repeat liver enzymes 3–12 
months, more frequent if 
treatment with hepatotoxic 
drugs 
-Recommends FIB-4 or 
NAFLD fibrosis score risk 
assessment for PLWH at risk 
of NAFLD (at least one of 
following factors: NAFLD 
suggested by ultrasound, 
overweight, metabolic 
syndrome, persistent 
elevation of ALT, exposure to 
d-drugs)
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Health and Human Services (DHHS) Panel importantly recognize HIV as 
a specific ASCVD risk enhancer that must be factored into the overall 
risk assessment [1,171,172]. Further, the 2018 AHA/ACC Cholesterol 
Guidelines and the DHHS Panel state that risk-enhancing features such 
as HIV may favor statin therapy in patients with borderline 10-year risk.

Some guidelines make specific recommendations regarding 
cholesterol-lowering agents for PLWH. The National Lipid Association 
Guideline recommends pitavastatin as a first-line lipid-lowering treat-
ment in PLWH because of no drug-drug interactions with ART [171]. 
The EACS 2023 Guidelines provide advice on lipid lowering therapy 
dosing and expected interactions for a wide range of 
cholesterol-lowering therapy, including statins, bempedoic acid, ezeti-
mibe, PCSK9i, and icosapent ethyl [65]. The DHHS Panel, which is 
endorsed by the ACC, AHA, and HIV Medicine Association (HIVMA), 
recommends pitavastatin 4 mg daily, atorvastatin 20 mg daily, or 
rosuvastatin 10 mg daily for moderate statin intensity therapy [172].

Unlike many of the other cardiometabolic recommendations, newer 
guideline recommendations surrounding dyslipidemia (i.e. DHHS) are 
informed by a randomized controlled trial. The REPRIEVE Trial is the 
largest randomized trial to-date among PLWH that evaluated the effect 
of pitavastatin on cardiovascular clinical endpoints [173]. REPRIEVE 
found that among 7769 PLWH, individuals who received pitavastin had 
a lower risk of major cardiovascular events than those who received 
placebo over a median follow-up of 5.1 years. A mechanistic substudy of 
REPRIEVE demonstrated that among PLWH at low to moderate ASCVD 
risk, 24 months of pitavastatin reduced noncalcified plaque volume and 
progression, lipid oxidation, and arterial inflammation [31]. The Effect 
of PCSK9 Inhibition on Cardiovascular Risk in Treated HIV Infection is 
an ongoing clinical trial investigating the impact of alirocumab on 
cholesterol, inflammatory markers, and non-calcified plaque in in-
dividuals with HIV (NCT 03207945).

Table 5 
Major guideline recommendations for dyslipidemia among PLWH.

Major Guideline Baseline Tests Recommendations

IDSA Guidelines on 
Primary Care of 
Persons with HIV [63]

-Obtain lipid profile 
prior to ART initiation

-Repeat every 5 years if 
normal 
-Repeat every 6–12 months if 
abnormal or other CV risk 
factors 
-If abnormal, repeat fasting 
-Consider testing 1–3 months 
after starting or switching 
ART 
-Goal and management per 
NLA Part 2 and 2018 AHA/ 
ACC Guidelines

United States 
Department of Health 
and Human Services 
(DHHS) Guidelines 
[172]

-Obtain lipid profile at 
HIV diagnosis; if 
random levels 
abnormal, fasting lipids 
should be obtained

-Repeat lipid profile 1–3 
months after ART initiation 
or modification 
-If normal baseline lipid 
profile but with ASCVD risk, 
repeat lipid profile at 12 
months 
-If normal baseline lipid 
profile and without ASCVD 
risk, repeat lipid profile 
every 5 years or if clinically 
indicated 
-Initiate high-intensity statin 
therapy for adults 40–75 
years of age with ≥20% 10- 
year ASCVD risk, known 
ASCVD, or LDL-C ≥190 mg/ 
dL 
-Initiate at least moderate- 
intensity therapy for adults 
40–75 years of age with 
T2DM, ASCVD risk 5% to 
<20%, and consider if 
ASCVD risk is <5% 
-Moderate-intensity statin 
therapy includes atorvastatin 
20 mg daily, rosuvastatin 10 
mg daily, or pitavastatin 4 
mg daily

European AIDS Clinical 
Society (EACS) 2023 
Guidelines [65]

-Obtain lipid profile at 
HIV diagnosis and prior 
to ART initiation

-Repeat yearly if high/very 
high risk, 3–5 years if low/ 
moderate risk (based on 
SCORE2 and SCORE2-OP) 
-Drug treatment if 
established CVD or DM or 10- 
year CVD risk ≥10% 
-LDL-C reduction goal 
dependent on risk estimation 
by SCORE2 and SCORE2-OP; 
for high risk and very high 
risk, goal LDL-C is ≥50% 
reduction from baseline and 
LDL-C<70 mg/dL and LDL- 
C<55 mg/dL, respectively

2018 AHA/ACC/ 
Multisociety 
Guideline on the 
Management of Blood 
Cholesterol [1]

-Obtain fasting lipid 
profile and perform 
assessment of ASCVD 
risk factors prior to 
ART initiation

-HIV recognized as an ASCVD 
risk enhancer 
-Pooled cohort equations 
may underestimate ASCVD 
risk in HIV 
-Repeat fasting lipid profile 
and risk assessment 4–12 
weeks after starting ART, 
CAC scan can improvement 
risk assessment 
-Lifestyle improvements, 
smoking cessation 
-In adults 40–75 years of age 
with LDL-C 70–189 mg/dL 
who have a 10-year ASCVD 
risk of ≥7.5%, consider 
moderate or high-intensity 
statin, if ≥5% consider  

Table 5 (continued )

Major Guideline Baseline Tests Recommendations

moderate-intensity statin 
-In adults 40–75 years of age 
with T2DM, start at least a 
moderate-intensity statin in 
primary prevention 
-Goal LDL-C is dependent on 
risk evaluation and presence 
of known ASCVD; goal LDL-C 
ranges from ≥30–50% 
reduction from baseline and 
<70 mg/dL or <100 mg/dL

National Lipid 
Association Part 2 
[171]

-Obtain fasting lipid 
profile prior to ART 
initiation

-Repeat after starting ART 
-HIV recognized as 
additional ASCVD risk factor 
for risk stratification 
-Risk stratify based on NLA 
Part 1 with HIV as additional 
risk factor, use ATP III 
Framingham Risk Score or 
ACC/AHA PCE 
-Goal non-HDL-C and LCL-C 
as described in NLA Part 1 
-Lifestyle interventions, 
smoking cessation, 
nutritional counseling, 
weight management 
-Statin therapy is first-line for 
elevated LDL-C and non- 
HDL-C; NLA Expert Panel 
recommends atorvastatin, 
rosuvastatin, pitavastatin as 
preferred agents 
-Goal LDL-C is dependent on 
risk evaluation; goal LDL-C 
levels include <70 mg/dL 
and <100 mg/dL depending 
on evaluation
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While these guidelines provide helpful starting points for statin 
therapy among PLWH, drug-drug interactions (DDIs) with ART and 
statins are well-studied beyond these recommendations. Protease in-
hibitors, pharmacokinetic boosters (i.e., atazanavir, cobicistat, etc.), and 
non-nucleoside reverse transcriptase inhibitors interact with CYP450 
enzymes, creating DDIs with statins. Alternatively, no expected signifi-
cant DDIs exist with nucleoside reverse transcriptase inhibitors, inte-
grase strand inhibitors, chemokine receptor-5 inhibitors, and fusion 
inhibitors [65,172,174–176]. As such, providers should tailor statin 
doses to specific ART regimens. For example, first-line ART today con-
sists of a backbone of two nucleoside reverse transcriptase inhibitors in 
combination with a third ART drug (either integrase strand inhibitors, 
non-nucleoside reverse transcriptase inhibitors, or protease inhibitors). 
If providers use the recommended first-line combination of two nucle-
oside reverse transcriptase inhibitors with an integrase strand inhibitor, 
no statin dose adjustment is needed [172]. If an additional 
cholesterol-lowering medication is required, non-statin therapies do not 
appear to have DDIs with ART though these medications – adenosine 
triphosphate citrate lyase inhibitors (i.e., bempedoic acid), intestinal 
cholesterol absorption inhibitors (i.e., ezetimibe), PCSK9i (i.e., evolo-
cumab, alirocumab), fibrates, and fish oil/omega-3 (i.e. icosapent ethyl) 
– are less studied to date [65,172,174–176].

7. An evidence-based, simplified approach to cardiometabolic 
diseases in PLWH

Similar to most major guidelines, we view HIV as a well-proven 
cardiovascular disease risk factor. HIV is associated with increased 
risk of atherosclerotic disease, myocardial infarction, stroke, heart fail-
ure, and sudden cardiac death [2–11]. Through this review, we also add 
HIV as a well-proven cardiometabolic disease risk factor. We recom-
mend performing an overall cardiovascular risk assessment in PLWH at 
least annually and addressing modifiable risk factors at each follow-up 
visit. Risk calculators include standard ASCVD risk assessment models 
such as the 2008 Framingham Heart Study risk algorithm [177] and 
2013 American College of Cardiology/American Heart Association 

Pooled Cohort Equations (PCEs) [178] and HIV-specific risk assessment 
models that incorporate HIV and ART-specific variables such as the Data 
Collection on Adverse Events of Anti-HIV Drugs (D:A:D) model [156] 
and the Veterans Aging Cohort Study index scores [179,180], all of 
which have comparable risk prediction performance among PLWH 
[181]. However, even these models tend to underestimate true risk 
among PLWH [181–184]. This risk underestimation is likely derived 
from the presence of additional risk enhancers that make some PLWH at 
increased risk than predicted, including lower CD4 count and higher 
HIV viremia [3,5,30,184–186] as well as coinfections such as hepatitis C 
[187,188]. Not to mention, the role of inequities in social determinants 
of health that PLWH are often faced with, including disparities in care 
access, stigmatization, social support, neurocognitive decline, and sub-
stance use contribute to increased ASCVD risk [22–29]. We recommend 
the current ACC/AHA guideline-based approach for primary prevention 
of PLWH starting with an assessment of their 2013 PCE ASCVD risk 
while also understanding its limitations/underestimations. For example, 
in a recent retrospective study comparing coronary artery plaque burden 
between asymptomatic PLWH and people without HIV, of those with 
similar calculated ASCVD risk, PLWH had more coronary plaque than 
their non-HIV comparison [189]. We also recommend consideration of 
the PREVENT risk score when necessary to refine risk assessment based 
on social determinants of health and concerns for kidney disease. All 
PLWH should be assessed for other risk enhancers that may drive their 
risk higher, and strong consideration should be made for coronary artery 
calcium assessment.

Fig. 1 and Table 6 highlight our recommendations for car-
diometabolic disease screening, monitoring, pharmacologic manage-
ment, and multidisciplinary care. At a minimum, providers should 
perform baseline weight, blood pressure, fasting blood glucose, liver 
enzymes, viral hepatitis serologies, and lipid profile measurements at 
the time of HIV diagnosis and periodically thereafter. If suspicion for 
MASLD arises, start by calculating a FIB-4 or NAFLD Fibrosis Score 
followed by consideration of liver ultrasound or Fibroscan. Any change 
in ART regimen warrants repeat evaluation 1–3 months thereafter. For 
patients who have not yet achieved their weight, blood pressure, 

Fig. 1. Schema of recommended multidisciplinary cardiometabolic care for PLWH. Abbreviations: PCE, pooled cohort equation; ASCVD, atherosclerotic cardio-
vascular disease; BP, blood pressure; FBG, fasting blood glucose; LFTs, liver function tests; ART, antiretroviral therapy; BMI, body mass index; DDI, drug-drug in-
teractions; ACEi, angiotensin-converting enzyme inhibitor; HCTZ, hydrochlorothiazide; PI/c, protease inhibitors/cobicistat; NNRTIs, non-nucleoside reverse 
transcriptase inhibitors.
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diabetes, or lipid goals, repeat evaluation should occur at the same 
frequency as the general population, as recommended by major guide-
lines, until goals are achieved.

Regarding goals for cardiometabolic diseases among PLWH, our 
recommendations are adopted from the previously summarized guide-
lines, with trends towards more strict goals. For secondary prevention, 
we recommend intensive LDL-C lowering, at least under 70 mg/dL if not 
<55 mg/dL based on level of risk [1]. For primary prevention, a slightly 
more lenient LDL-C goal of <100 mg/dL is reasonable and varies 
depending on overall risk assessment. The following goals apply for both 
primary and secondary ASCVD prevention – for overweight and obesity 
(BMI ≥25 kg/m2), target a body mass index <25 kg/m2 or a weight loss 
of 5–10% of baseline weight within 6 months [190]. For blood pressure, 
we follow the 2017 ACC/AHA Multisociety High Blood Pressure 
guidelines goal of <130/80 mmHg [86]. For diabetes, we recommend a 
fasting blood glucose of 70–130 mg/dL as recommended by the ADA for 
the general population [191]. Finally, for MASLD, treatment goals 
should focus on prevention by targeting the same cardiometabolic goals 
just discussed.

At the cornerstone of cardiometabolic disease management, similar 
to the general population, is therapeutic lifestyle modifications. Coun-
seling on lifestyle measures should include healthy and balanced dietary 
patterns, 150 min/week of physical activity, limited alcohol consump-
tion, and smoking cessation. Pharmacologic decisions should be based 
on individual comorbidities. In particular, we would like to highlight 
SGLT2i and GLP1-RA as they have proven beneficial in a host of car-
diometabolic diseases and ASCVD. For example, for a patient with type 2 
diabetes and chronic kidney disease or heart failure, we recommend 
SGLT2i. While canagliflozin requires dose-adjustment and extra moni-
toring with PIs/ritonavir, most NNRTIs, NRTIs, and integrase inhibitors 
and SGLT2i do not have significant DDIs [172] (Table 6). Further, for a 

Table 6 
Quick reference for cardiometabolic diseases management among PLWH.

Cardiometabolic 
disease

Baseline tests Screening/ 
Monitoring

Pharmacologic 
management

Obesity -Obtain 
weight at 
time of 
diagnosis 
and/or prior 
to ART 
initiation

-Repeat weight 
measurement at 
frequency of 
follow-up visits

-Avoid orlistat 
-GLP1-RA and GIP-RA 
are effective and safe, 
but caution with ART 
that require low gastric 
pH for absorption

Hypertension -Obtain 
blood 
pressure at 
time of 
diagnosis 
and/or prior 
to ART 
initiation

-Repeat blood 
pressure 
measurement at 
frequency of 
follow-up visits

-Use ACE inhibitors 
(caution with 
fosinopril), 
chlorthalidone, 
hydrochlorothiazide, 
spironolactone, and 
furosemide at usual dose 
with any ART 
-Caution/close 
monitoring with specific 
ARBs (valsartan, 
irbesartan, losartan), 
beta blockers, calcium 
channel blockers, 
eplerenone, and 
torsemide combined 
with PIs and specific 
NNRTIs (EFV/ETR/ 
NVP) due to DDI 
-In general, NRTIs, 
integrase inhibitors 
(unless combined with 
cobicistat), and fusion 
inhibitors have minimal 
DDI with anti- 
hypertensive agents

Insulin 
resistance/ 
T2DM

-Obtain 
random or 
fasting blood 
glucose at 
time of HIV 
diagnosis

-HbA1c in HIV 
tends to 
underestimate 
T2DM 
-Screen with 
random plasma 
glucose at least 
annually; if 
abnormal, check 
FBG 
-If switching 
ART, screen with 
FBG at time of 
switch and 3 
months later 
-If T2DM 
diagnosed, 
monitor with 
FBG every 6 
months

-Use metformin (close 
monitoring with DTG 
and BIC, increase 
metformin AUC), GLP-1 
and GIP agonists 
(caution with ART that 
require low gastric pH 
for absorption), 
thiazolidinediones, and 
insulin 
-Caution/closing 
monitoring with 1) 
sulfonylureas and PIs, 
NNRTIs, and EVG/c 
(variables effects on 
glipizide, glimepiride, 
and glyburide); 2) DPP- 
4i and PIs, EFV/ETR/ 
NVP, and EVG/c 
(variable effects on 
saxagliptin AUC); and 3) 
SGLT2i and PI/r 
(decreases canagliflozin 
AUC)

Metabolic- 
dysfunction 
associated 
steatotic liver 
disease

-Obtain liver 
enzymes and 
viral 
hepatitis 
serologies at 
time of 
diagnosis

-Repeat liver 
enzymes 
periodically if 
treatment 
includes 
hepatotoxic 
drugs

-Similar to general 
population, 
pharmacologic therapy 
for MASLD is still under 
investigation

Dyslipidemia -Obtain lipid 
profile at 
time of 
diagnosis 
and/or prior 
to ART 
initiation

-Repeat lipid 
profile 1–3 
months after 
starting ART 
-Use an ASCVD 
risk calculator to 
determine 
frequency 
thereafter

-For statins, use 
atorvastatin 20 mg, 
rosuvastatin 10 mg, 
pitavastatin 4 mg, or 
fluvastatin 80 mg while 
titrating carefully and 
monitoring for side 
effects with any ART 
-No expected DDIs with  

Table 6 (continued )

Cardiometabolic 
disease 

Baseline tests Screening/ 
Monitoring 

Pharmacologic 
management

adenosine triphosphate 
citrate lyase inhibitors 
(i.e., bempedoic acid), 
intestinal cholesterol 
absorption inhibitors (i. 
e., ezetimibe), PCSK9is 
(i.e., evolocumab, 
alirocumab), fibrates, 
and fish oil/omega-3 (i. 
e., icosapent ethyl) 
-No expected significant 
DDIs with integrase 
strand inhibitors, 
nucleoside reverse 
transcriptase inhibitors, 
chemokine receptor-5 
inhibitors, and fusion 
inhibitors 
-Avoid lovastatin and 
simvastatin with PIs and 
pharmacokinetic 
boosters such as 
cobicistat; avoid bile 
acid sequestrants

*ART, antiretroviral therapy; GLP-1, glucagon-like peptide-1; GIP, glucose- 
dependent insulinotropic polypeptide; ACE, angiotensin-converting enzyme; 
ARB, angiotensin II receptor blockers; PI, protease inhibitor; NNRTI, non- 
nucleoside reverse transcriptase inhibitor; EFV, efavirenz; ETR, etravirine; 
NVP, nevirapine; DDI, drug-drug interaction; NRTI, nucleoside reverse tran-
scriptase inhibitor; T2DM, type 2 diabetes; HbA1c, hemoglobin A1c; FBG, fast-
ing blood glucose; DTG, dolutegravir; BIC, bictegravir; AUC, area under the 
curve; EVG/c, elvitegravir/cobicistat; DPP-4i, dipeptidyl peptidase-4 inhibitors; 
SGLT2i, sodium-glucose transport protein 2 inhibitors; PI/r, protease inhibitor/ 
ritonavir; ASCVD, atherosclerotic cardiovascular disease; PCSK9i, proprotein 
convertase subtilisin/kexin type 9 inhibitors.
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patient with type 2 diabetes and obesity, known ASCVD, high-risk for 
ASCVD, or MASLD, we strongly recommend a GLP1-RA due to its 
well-established efficacy and lack of significant DDIs with ART. In fact, 
even in the absence of type 2 diabetes, GLP1-RA are known to improve 
weight loss, reduce major cardiovascular events in individuals with 
overweight/obesity and established ASCVD, improve functional status 
in obese individuals with heart failure with preserved ejection fraction 
(HFpEF), and improve MASLD [192–194]. We also follow DHHS rec-
ommendations for statin therapy, which are directly informed by the 
REPRIEVE trial [172,173]. For primary prevention among adults 40–75 
years of age with T2DM, ASCVD risk 5% to <20%, and possibly if 
ASCVD risk is <5%, start at least a moderate-intensity statin. For sec-
ondary prevention, LDL-C≥190 mg/dL, and ≥20% 10-year ASCVD risk, 
start a high-intensity statin. When prescribing statin therapy, pay close 
attention to the ART regimen before dosing (Table 6) [1]. In general, 
ART regimens that include only NRTIs (typical backbone), INSTIs, 
chemokine receptor-5 inhibitors, and fusion inhibitors do not need statin 
adjustments. For all other ART combinations, targeting doses of ator-
vastatin 20 mg, rosuvastatin 10 mg, pitavastatin 4 mg, or fluvastatin 80 
mg with close monitoring are reasonable moderate-intensity doses, with 
addition of non-statin agents, which are not expected to have significant 
DDIs with ART, to achieve goal LDL-C.

Given the possibility of DDIs with ART, clinicians should routinely 
use one of several databases/online tools to check for DDIs. Several 
examples of tools include the EACS 2023 Guidelines [65], the University 
of Liverpool Interaction Checker [175], the Guidelines for the Use of 
Antiretroviral Agents in Adults and Adolescents with HIV developed by 
DHHS [172], the World Health Organization’s Table of Drug In-
teractions with Antiretroviral Drugs [176], and the New York State 
Department of Health Aids Institute ART Drug-Drug Interactions [174]. 
Even then, the significance of interactions is challenging to predict. We 
recommend close monitoring for both therapeutic efficacy and 
concentration-dependent toxicities. We provide simplified recommen-
dations for pharmacologic management in Table 6 to provide a quick 
reference for providers. Moreover, given the medications at risk for DDIs 
are managed by multiple providers – primary care providers, infectious 
diseases specialists, cardiologists, and ancillary staff – it is important 
that multidisciplinary teams are in communication to avoid adverse 
drug effects, optimize risk factors and HIV care, and most importantly 
keep the patient at the center of the care (Fig. 1).

Important to reiterate, most guideline recommendations for car-
diometabolic are derived via casual inference from retrospective cohort 
studies previously discussed. Randomized clinical trials such as 
REPRIEVE and SMART serve as the foundation and motivation for future 
clinical trials within this space [31].

Finally, we close our recommendations with a call to action: in order 
to improve and optimize cardiovascular and cardiometabolic disease 
among PLWH, it takes a multifactorial and multidisciplinary approach 
by primary care physicians, subspecialists, and ancillary providers – we 
must all work together to reduce disparities in the delivery of evidence- 
based cardiovascular care, lessen HIV-related stigma and discrimina-
tion, increase retention and care coordination, and further our knowl-
edge regarding the unique cardiovascular risks of PLWH through 
ongoing clinical trials and implementation research.

8. Conclusions

PLWH experience a disproportionate burden of cardiometabolic 
diseases with high rates of obesity, hypertension, insulin resistance, 
MASLD, and dyslipidemia. This burden is driven by both general ASCVD 
risk factors as well as HIV and ART-specific factors. While many major 
guidelines recognize HIV as an ASCVD risk enhancer, there are gaps 
regarding HIV-specific cardiometabolic disease screening and manage-
ment. As such, more high-quality, large-scale clinical trials on cardio-
vascular and cardiometabolic disease prevention and management are 
needed among PLWH to guide care among this high-risk patient 

population. For now, we must continue to coordinate our management 
strategies in a multidisciplinary fashion to optimize patient-centered 
care.
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