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ABSTRACT 

 

Background 

The cardiovascular–kidney–hepatic–metabolic (CKHM) framework links cardiovascular 

risk, kidney disease, liver health, and metabolic dysfunction in a patient-centered model. 

The aim of this study was to determine the prevalence of CKHM stages, to characterize 

stage-to-stage transitions over the period 2005–2025, and to identify clinical and 

metabolic factors associated with progression and reversion across CKHM stages among 

people with HIV (PWH). 

Methods 

This was a longitudinal observational study including PWH attending Modena HIV 

Metabolic Clinic from 2005 to 2025 divided into three time periods: 2005-2015, 2016-

2020 and 2021-2025. 

CKHM stages were defined as follows: Stage 0 represented the absence of metabolic risk 

factors with preserved renal function and favorable cardiometabolic parameters; Stage 1 

encompassed early metabolic or anthropometric abnormalities in the presence of 

preserved renal function; Stage 2 indicated the coexistence of metabolic or cardiovascular 

risk factors with established cardiometabolic disease, including ectopic fat deposition, 

chronic kidney disease (CKD), diabetes, or hypertension; Stage 3 was characterized by 

the additional presence of subclinical or high-risk cardiovascular disease (CVD), 

significant liver fibrosis, or very high estimated CV risk, while Stage 4 represented the 

most advanced stage, defined by overt CVD events, end-stage CKD, CAC score 

exceeding 400, or solid organ transplantation. 

Transitions across CKHM stages and death were modelled using Markov models, 

accounting for patient age at the time of each transition. Stage 4 CKHM and death were 

considered as irreversible states. Sex, age, duration of HIV infection, physical activity, 

INSTI, PI and statin use were included as covariates to weight relative risks of progression 

and reversion across CKHM stages. 
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Results 

Among 31,232 observations, 3,838 PWH had at least two CKHM assessments during the 

study period. The median follow-up was 6.36 years (Q1–Q3: 2.03–12.2), during which 

171 deaths occurred. 

Across the three study periods, the prevalence of advanced CKHM stages (stages 3 and 

4) increased significantly, rising from 36% in 2005–2015 to 63% in 2021–2025. In 

contrast, the prevalence of CKHM stages 0, 1, and 2 progressively declined over the same 

periods. 

At the last available observation, participants in more advanced CKHM stages (0–4) were 

older, with median age increasing from 42 to 56 years (p<0.001), and were more likely to 

be male (53% to 84%, p<0.001). Sedentary lifestyle and smoking status also differed 

significantly across CKHM stages (p<0.05). HIV duration increased with advancing 

CKHM stage (p<0.001), whereas nadir CD4 count progressively declined (p<0.001). 

In the Markov models of CKHM stage transitions, physical activity was associated with 

regression from stage 1 to stage 0 (HR 1.48, 95% CI 1.06–2.06). Among individuals in 

stage 1, male sex and longer HIV duration were consistently associated with progression 

to stages 2 and 3, whereas higher levels of physical activity were protective against 

progression to stage 2 (HR 0.76, 95% CI 0.66–0.88). Older age and longer HIV duration 

were strong predictors of progression from stage 2 to stage 3. Mortality risk increased 

with advancing age. INSTI use was associated with a lower likelihood of regression from 

stage 2 to stage 1 (HR 0.61, 95% CI 0.49–0.76), while PI use was associated with a lower 

likelihood of regression from stage 3 to stage 2 (HR 0.77, 95% CI 0.63–0.94). 

Conclusions 

In a large and well-characterized cohort, PWH show a rising prevalence of advanced 

CKHM stages over time. Both HIV-related and traditional modifiable risk factors were 

associated with progression and regression across CKHM stages. The CKHM framework 

offers a patient-centered model to characterize cardiometabolic, renal, and hepatic disease 

progression in PWH, enabling longitudinal risk stratification and supporting the 

development of targeted, integrated strategies to preserve cardiometabolic health. 
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INTRODUCTION 

 

1 THE HIV EPIDEMIC 

1.1 History of HIV 

HIV was identified in the early 1980s as the causative agent of AIDS and rapidly emerged 

as a global epidemic. Before effective treatment became available, HIV infection led to 

progressive immune deterioration and was associated with high morbidity and mortality 

(1–4). 

1.1.1 Introduction of Antiretroviral Therapy 

The introduction of combination antiretroviral therapy in 1996 marked a turning point in 

the history of HIV infection. The development of protease inhibitors (PI) enabled the 

implementation of highly active antiretroviral therapy (HAART), which transformed HIV 

from a uniformly lethal disease into a manageable chronic condition (5). 

The impact of HAART was immediate and profound. In high-income countries, both the 

incidence of AIDS and AIDS-related mortality declined sharply after the mid-1990s (6). 

At the same time, the number of people with HIV (PWH) increased significantly as 

survival improved (7). Early studies demonstrated that combination therapy reduced the 

risk of progression to AIDS by approximately 65% compared to monotherapy and 

significantly prolonged AIDS-free survival (8). 

This therapeutic revolution also led to substantial gains in life expectancy. For individuals 

initiating treatment, life expectancy at age 20 increased markedly, rising from 

approximately 63 years in the early 2000s to over 70 years by the end of that decade 

(9,10). 

Despite these advances, early antiretroviral regimens were complex, associated with 

significant toxicity, and initially available primarily in resource-rich settings (11). 

Nevertheless, the progressive global expansion of access to therapy has dramatically 
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altered the epidemiology of HIV infection, contributing to a steady decline in AIDS-

related mortality worldwide (12). 

1.1.2 Modern Antiretroviral Therapy 

Modern antiretroviral therapy (ART) has achieved remarkable levels of efficacy, safety, 

and tolerability. Current first-line regimens are typically based on integrase strand transfer 

inhibitors (INSTI), combined with two nucleoside reverse transcriptase inhibitors 

(NRTI), often co-formulated into single-tablet regimens taken once daily. These therapies 

achieve sustained virologic suppression in more than 90% of patients in clinical trials 

(13). 

The therapeutic landscape has continued to evolve. Two-drug regimens, such as 

dolutegravir/lamivudine (14), are now viable options for selected patients, while long-

acting injectable therapies, such as cabotegravir plus rilpivirine administered every two 

months, offer alternatives to daily oral treatment (15). 

The goals of modern ART are well established: durable suppression of plasma HIV RNA, 

restoration and preservation of immune function, reduction of HIV-related morbidity, 

prolongation of survival, and prevention of transmission (16). The concept of “treatment 

as prevention” has been strongly supported by clinical evidence, demonstrating that 

individuals with sustained undetectable viral loads do not transmit the virus sexually 

(17,18). 

Globally, the widespread use of ART has had a profound epidemiological impact. The 

annual number of new HIV infections has declined substantially - from a peak of 

approximately 3.4 million in the mid-1990s to around 1.3 million in recent years - while 

AIDS-related mortality has decreased by more than half since its peak in 2004. 

Nevertheless, HIV remains a major global health issue, with over 40 million people 

currently living with the infection, the majority in resource-limited settings, particularly 

in sub-Saharan Africa (5,12). 
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1.2 HIV Nowadays 

1.2.1 Life Expectancy Approaching the General Population 

The widespread availability and effectiveness of ART have dramatically improved the 

prognosis of PWH. Today, individuals receiving long-term treatment can achieve life 

expectancy approaching that of the general population, particularly when therapy is 

initiated early and at higher CD4+ cell counts. 

For example, individuals aged 40 years who started ART after 2015 with CD4 counts 

≥500 cells/μL have life expectancy gaps of only a few years compared to the general 

population. Overall, the difference in life expectancy has narrowed to five years or less 

for well-treated individuals (19). 

This remarkable improvement has led to a significant demographic shift. The number of 

older adults living with HIV is increasing rapidly, with a growing proportion of patients 

aged 50 years and older. This change reflects both improved survival and ongoing, albeit 

reduced, rates of new infections (20). 

Globally, the number of PWH has steadily increased due to improved survival, reaching 

tens of millions worldwide. At the same time, AIDS-related deaths have declined 

substantially, highlighting the success of modern treatment strategies (12). 

1.2.2 The Burden of Comorbidity-Free Years 

Despite near-normal life expectancy, PWH experience a disproportionate burden of 

comorbidities, which significantly reduces the number of years lived in good health. 

Studies have shown that PWH may spend up to 10–15 more years with chronic conditions 

compared to individuals without HIV, even when treatment is initiated early (21) (Figure 

1). 
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Figure 1. Overall and comorbidity-free life expectancy at age 21 years for individuals with and without 

HIV infection. Adapted from Marcus et al., JAMA Netw Open, 2020. 

In the modern ART era, non-AIDS-related conditions have become the leading causes of 

morbidity and mortality (16). Cardiovascular disease (CVD), non-AIDS-defining 

cancers, chronic kidney and liver disease, diabetes, osteoporosis, neurocognitive 

disorders, and frailty are all highly prevalent in this population (5). In high-income 

countries, the majority of deaths among treated individuals are now unrelated to AIDS 

(19). 

This increased burden of comorbidity is driven by multiple interconnected factors. First, 

traditional risk factors such as smoking, metabolic disorders, and aging are more 

prevalent among PWH. Second, chronic immune activation and inflammation persist 

despite effective viral suppression, contributing to long-term organ damage. Third, some 

antiretroviral drugs may have cardiometabolic side effects (5). 

The concept of accelerated or accentuated aging has been proposed to describe this 

phenomenon (22), as multimorbidity tends to occur approximately a decade earlier in 

PWH compared to the general population (5,23). Projections suggest that, in the coming 

years, a substantial proportion of individuals on ART will develop multiple chronic 

conditions, including both physical and mental health disorders (24). 
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Frailty, characterized by reduced physiological reserve and increased vulnerability to 

adverse outcomes (25), is also more common and occurs earlier in PWH . It is associated 

with an increased risk of CVD, falls, cognitive decline, and mortality (16). 

Consequently, the management of HIV infection has evolved into a comprehensive, 

multidisciplinary approach. In addition to maintaining viral suppression, care now 

focuses on the prevention and treatment of comorbidities, including lifestyle interventions 

such as smoking cessation, healthy diet, physical activity, and the management of 

cardiovascular risk factors. Emerging strategies, such as the use of statins for primary 

prevention, show promise in reducing the long-term burden of disease (26,27). 
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2 CARDIOMETABOLIC CHANGES IN PWH OVER 

TIME 

People with HIV (PWH) experience progressive cardiometabolic alterations 

characterized by weight gain, increased visceral adiposity, insulin resistance, 

dyslipidemia, and metabolic syndrome (28). These changes result from a complex 

interplay between HIV infection itself, chronic inflammation, antiretroviral therapy 

(ART), aging, and lifestyle factors (29). 

The introduction of ART marked a turning point in HIV care, transforming HIV infection 

from a fatal disease into a manageable chronic condition and allowing life expectancy 

among PWH with access to treatment to approach that of the general population. 

However, this remarkable improvement in survival has also revealed new challenges. 

Long-term exposure to both HIV and ART contributes to the development of non-AIDS 

comorbidities, including cardiovascular disease (CVD), diabetes, liver disease, 

osteoporosis, and neurocognitive disorders (16,30). 

As a consequence, cardiometabolic health has become a central concern in the long-term 

management of HIV. Chronic inflammation, persistent immune activation, and 

cumulative ART exposure are major drivers of metabolic dysfunction and cardiovascular 

risk, contributing to the earlier onset of age-related diseases (28,31). As PWH grow older, 

the prevalence of multimorbidity - defined as the coexistence of multiple chronic 

conditions - becomes substantially higher than in HIV-negative populations and often 

resembles that observed in individuals 10–15 years older (5,16,23). These observations 

have led to the concept of premature or accelerated aging in HIV, whereby 

cardiometabolic diseases emerge earlier and with greater severity than in the general 

population (22). 

2.1 Changes in Main Cardiometabolic Domains 

2.1.1 Changes in BMI and Body Composition 

Weight and BMI changes in PWH have evolved dramatically across the ART era (28). In 

untreated HIV infection, patients commonly experience progressive weight loss (HIV 

wasting), driven by reduced caloric intake, malabsorption resulting from depletion of gut 
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mucosal T cells and impaired epithelial barrier integrity, and elevated metabolic 

requirements fueled by persistent systemic inflammation (32). Loss of body cell mass - 

particularly lean tissue - rather than fat mass is the hallmark of HIV wasting and has been 

independently associated with accelerated disease progression, impaired functional 

status, and increased mortality (33). 

With the initiation of ART, however, weight gain has become the predominant pattern. 

This gain occurs across all drug classes but is most pronounced with integrase strand 

transfer inhibitors (INSTI) and tenofovir alafenamide (TAF) based regimens, is more 

likely in women and Black individuals, and appears to occur mostly within the first year 

of treatment, with BMI trajectories subsequently converging with those of the general 

population (34–36). Long-term data from the ADVANCE trial support this pattern, 

showing that while weight gain continued through 192 weeks - with the greatest increases 

in the TAF/FTC + DTG arm - the trajectory slowed considerably after the first year (37) 

(Figure 2). Notably, whether INSTIs directly promote weight gain or whether comparator 

agents (e.g., tenofovir disoproxil fumarate, efavirenz) suppress it remains an area of active 

investigation (38). 

 

Figure 2. Time to clinical obesity by treatment arm and baseline CD4 count. DTG, dolutegravir; EFV, 

efavirenz; FTC, emtricitabine; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate. Adapted 

from Sokhela et al., Open Forum Infect Dis, 2024. 
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Body composition has also shifted over time. In the early ART era, lipodystrophy - 

characterized by peripheral subcutaneous fat loss (lipoatrophy) and accumulation of 

visceral adipose tissue (VAT) - was common, with prevalence estimates of 20–50% within 

two years of initiating therapy (39). Lipoatrophy was causally linked to thymidine 

analogue nucleoside reverse transcriptase inhibitors (NRTIs) through mitochondrial 

toxicity and impaired adipocyte differentiation, while early protease inhibitor therapy 

contributed to abdominal fat gain (40,41). 

In the modern ART era, this phenotype has changed: with the discontinuation of 

thymidine analogues and the use of newer agents, gains in both subcutaneous and visceral 

fat are observed with ART initiation regardless of regimen, and rates of generalized 

obesity are rising among PWH (28). Central fat accumulation, particularly excess VAT, is 

strongly linked to insulin resistance, ectopic lipid deposition in the liver and muscle, 

increased coronary plaque burden, and overall mortality (28,42). 

2.1.2 Insulin Resistance and Metabolic Syndrome 

Insulin resistance and diabetes are increasingly prevalent in PWH, with prevalence 

estimates of diabetes ranging up to 10% in those on ART and up to 25% for any disorder 

of insulin–glucose homeostasis (43). Mechanistically, these conditions arise from a 

combination of adipose tissue dysfunction, chronic systemic inflammation, and ART-

related metabolic effects (30,42). HIV infection itself promotes adipokine dysregulation 

and a proinflammatory state within adipose tissue that exacerbates insulin resistance 

(32,43). Specific ART classes contribute through distinct pathways: protease inhibitors 

(PI) impair glucose transporter expression and may induce pancreatic β-cell apoptosis, 

while NRTI promote mitochondrial dysfunction and lipodystrophy (44). More recently, 

INSTI have been associated with weight gain and adipocyte hypertrophy, adding a further 

layer of metabolic risk (45,46). Early pancreatic β-cell dysfunction has also been 

observed, with certain antiretrovirals shown to reduce insulin secretion through oxidative 

stress, suggesting that glucose metabolism abnormalities may develop early in the disease 

course (29). 

Metabolic syndrome - defined by central obesity, insulin resistance, dyslipidemia, and 

hypertension - has a pooled global prevalence of approximately 25% in PWH (47). Excess 
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visceral adipose tissue plays a central role, being associated not only with metabolic 

abnormalities but also with increased coronary plaque burden and cardiovascular 

mortality (30,48). As PWH age, the coexistence of metabolic syndrome with other 

chronic conditions such as cerebrovascular disease and renal impairment substantially 

increases the odds of frailty and functional decline, with central obesity and hypertension 

identified as independent risk factors for incident physical frailty (28,49). 

2.1.3 Cardiovascular Risk 

PWH carry a markedly elevated CVD burden. Relative risks of myocardial infarction, 

stroke, heart failure, and other CVD manifestations are generally 1.5- to 2-fold greater 

than in uninfected individuals, and these excess risks persist even after adjustment for 

traditional demographic and clinical risk factors (28,50) (Figure 3). Meta-analytic data 

confirm a risk ratio for myocardial infarction of 1.79 (95% CI, 1.54–2.08) and for stroke 

of 2.56 (95% CI, 1.43–4.61) (51). 

 

 

Cardiovascular events → 

 

 

Myocardial infarction → 

 

 

 

Stroke → 

 

 

 

 

 

Figure 3. Forest plot. Pooled risk ratio for risk of cardiovascular disease in people living with HIV 

compared to those without stratified by type of event. Adapted from Shah et al., Circulation, 2018. 
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Importantly, the landscape of HIV-associated CVD has shifted dramatically over time. In 

the pre-ART era, the predominant cardiac manifestations were dilated cardiomyopathy, 

pericardial disease, and pulmonary hypertension; with the advent of effective ART, 

atherosclerotic complications - including myocardial infarction, ischemic stroke, and 

heart failure - have become the dominant cardiovascular phenotype (52). 

Although ART has reduced the relative risk of CVD events, the absolute burden has 

paradoxically risen as PWH live longer: the global burden of HIV-associated CVD tripled 

between 1990 and 2015, reaching 2.6 million disability-adjusted life-years per year, with 

the greatest impact in sub-Saharan Africa and the Asia-Pacific region (50) (Figure 4). 

Proportionate CVD mortality among PWH increased from 1.95% to 4.62% between 1999 

and 2013, and in some urban cohorts, one in five deaths among PWH is now attributable 

to CVD (49,53). 

 

Figure 4. Cartograms. Cartograms showing population attributable risk (Figure 4A) and HIV attributable 

disability-adjusted life years per 100,000 persons (Figure 4B) for HIV associated cardiovascular disease. 

Each colour category represents a septile. Adapted from Shah et al., Circulation, 2018. 
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Longitudinal data from Europe and North America do show a decline in cardiovascular 

mortality rates over calendar time (adjusted mortality rate ratio per period: 0.83; 95% CI, 

0.79–0.87), likely reflecting improvements in post-CVD care and the reduced toxicity of 

contemporary ART regimens (54). Nevertheless, the underlying drivers of excess risk - 

chronic immune activation, residual inflammation, ART-related metabolic complications, 

and a high prevalence of traditional risk factors such as smoking, hypertension, diabetes, 

and dyslipidemia - continue to fuel a disproportionate CVD burden in this population 

(28,55) (Figure 5). 

 

Figure 5. Central Illustration. HIV and Ischemic Heart Disease: Etiopathogenesis of HIV-Associated 

Coronary Artery Disease. The figure schematically represent the multifactorial etiopathogenesis of HIV-

associated coronary artery disease, showing the interaction between direct viral effects, chronic 

inflammation, traditional risk factors, and ART side effects. Adapted from Vachiat et al., J Am Coll Cardiol, 

2017. 



17 
 

2.1.4 Chronic Kidney Disease 

Chronic kidney disease (CKD) remains a significant comorbidity among PWH, with a 

reported prevalence of reduced glomerular filtration rate (eGFR <60 mL/min/1.73 m²) 

ranging from 4.7% to 9.7% in North America and Europe, and a 2- to 5-fold higher 

prevalence of albuminuria compared with HIV-negative individuals (56). The incidence 

of CKD in PWH has been estimated at 3.9 to 12.4 per 1,000 person-years, driven by both 

HIV-specific factors - including viremia, low CD4 cell count, and nephrotoxic 

antiretroviral agents - and conventional risk factors such as hypertension, diabetes, and 

dyslipidemia (56,57). 

The epidemiology of kidney disease in PWH has undergone a profound transformation 

since the introduction of ART. In the pre-ART era, HIV-associated nephropathy (HIVAN) 

was the predominant renal manifestation, with a prevalence of 3.5% to 10% among HIV-

infected persons and a rapid progression to end-stage kidney disease (58). The widespread 

use of combination ART reduced HIVAN risk by approximately 60%, and the condition 

has largely disappeared in regions with broad ART availability (59). However, this decline 

in HIVAN has been offset by a shift toward kidney pathology driven by the comorbidities 

of an aging HIV population - particularly hypertension- and diabetes-related 

nephrosclerosis - as well as by the cumulative nephrotoxic effects of long-term ART 

exposure (59,60). 

Longitudinal studies demonstrate that PWH on ART experience faster eGFR decline 

(−0.56 mL/min/1.73 m²/year excess) and a 2.3-fold higher odds of worsening albuminuria 

compared with HIV-uninfected controls (61) (Figure 6). Once CKD develops, PWH face 

a twofold higher mortality risk than individuals without HIV, underscoring the clinical 

urgency of early detection and management (62). CKD also acts as a powerful amplifier 

of cardiovascular risk, creating a vicious cycle in which kidney dysfunction and vascular 

disease reinforce each other - a dynamic that is particularly pronounced in PWH, where 

overlapping drivers such as chronic inflammation, metabolic dysfunction, and immune 

dysregulation accelerate both conditions simultaneously (57,63). 
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Figure 6. Distribution at baseline of categories of estimated glomerular filtration rate (A) and 

albumin/creatinine ratio (B), between HIV–uninfected individuals and HIV-infected individuals who 

have never been exposed to tenofovir disoproxil fumarate (TDF), were previously exposed to TDF, and 

are currently being exposed to TDF. Abbreviations: HIV-neg, individuals uninfected with HIV; HIV-pos 

curr TDF, HIV-positive individuals currently exposed to tenofovir disopoxil fumarate; HIV-pos never TDF, 

HIV-positive individuals never exposed to tenofovir disopoxil fumarate; HIV-pos past TDF, HIV-positive 

individuals previously exposed to tenofovir disopoxil fumarate; TDF, tenofovir disoproxil fumarate. 

Adapted from Kooij et al., J Infect Dis, 2017. 

2.1.5 Metabolic Dysfunction-Associated Steatotic Liver Disease 

Metabolic dysfunction-associated steatotic liver disease (MASLD) has emerged as the 

most common cause of chronic liver disease in PWH, with its burden growing 

substantially in the era of effective ART (64). 

Meta-analyses estimate the pooled prevalence of MASLD (previously termed NAFLD) 

at approximately 33–35% based on imaging studies in PWH with HIV monoinfection, 

with individual studies reporting prevalence ranging widely from 20% to 63% depending 

on the population studied and diagnostic modality used (27,64,65). 

The prevalence of MASLD in PWH appears to be increasing over time, driven by several 

converging factors: the improved life expectancy afforded by modern ART (making liver 

disease now the second leading cause of non-AIDS-related deaths), ART-associated 

weight gain - particularly with INSTI - and the rising prevalence of traditional metabolic 

risk factors such as obesity and type 2 diabetes in this aging population (64,66,67) (Figure 

7). 
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Figure 7. Pathogenesis of metabolic dysfunction-associated steatotic liver disease (MASLD) in people 

with HIV (PWH). Adapted from Wegermann et al., Current HIV/AIDS Reports, 2023. 

Longitudinal data from a cohort of 740 PWH initiating ART demonstrated that MASLD 

detection rates increased steadily with longer ART duration, with patients experiencing 

>10% weight gain showing a rise in MASLD prevalence from 48.8% at baseline to 87% 

after 3 years of therapy (68). 

Notably, MASLD in PWH occurs at lower BMI thresholds than in the general population 

and carries a higher risk of progression to fibrosis - with 21% of PWH with MASLD 

having advanced fibrosis in one biopsy study, representing a 42% higher fibrosis risk 

compared to matched HIV-negative controls (27,69). 

While earlier-generation ART agents such as didanosine and stavudine were directly 

associated with hepatic steatosis, the relationship with newer regimens is less clear, and 

the current rise in MASLD prevalence is thought to be more closely linked to metabolic 

consequences of weight gain and chronic inflammation rather than direct drug 

hepatotoxicity (27,70). 
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2.2 Role of HIV Infection 

HIV infection itself directly contributes to metabolic dysfunction through several viral 

mechanisms independent of ART. Viral proteins such as Nef, Tat, gp120, and Vpr interfere 

with lipid metabolism, adipocyte differentiation, and insulin signaling. These effects 

promote dyslipidemia, adipose tissue dysfunction, and insulin resistance (49). 

Additionally, HIV alters lipid profiles even before treatment. Untreated infection is 

typically associated with elevated triglycerides, low HDL cholesterol, and increased 

oxidized LDL, reflecting an atherogenic profile. HIV also promotes hepatic steatosis and 

disrupts glucose metabolism through increased gluconeogenesis and pancreatic β-cell 

dysfunction (28,32,49). 

Adipose tissue can act as a viral reservoir, with infected immune cells contributing to 

local inflammation and metabolic dysregulation (32,71,72). These mechanisms highlight 

that HIV itself - not only its treatment - plays a central role in cardiometabolic disease 

(49). 

2.3 Role of Chronic Inflammation 

Chronic inflammation is a defining feature of HIV infection and a major driver of 

cardiometabolic complications. Even with effective ART and viral suppression, PWH 

exhibit persistent immune activation and elevated inflammatory markers compared to 

uninfected individuals (16,28). 

This ongoing inflammation is multifactorial. Key contributors include microbial 

translocation due to gut barrier dysfunction, low-level viral replication in tissue 

reservoirs, and co-infections such as cytomegalovirus (CMV) and hepatitis C virus 

(HCV). These factors sustain activation of the innate immune system and promote the 

release of pro-inflammatory cytokines such as TNF-α and IL-6 (73). 

Chronic immune activation contributes to atherosclerosis through impaired HDL 

function, increased oxidized LDL, and enhanced foam cell formation. It also promotes 

insulin resistance, endothelial dysfunction, and arterial inflammation (49). 
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Recent insights from immunometabolism further deepen this understanding. HIV induces 

metabolic reprogramming of immune cells, shifting them toward glycolysis and a pro-

inflammatory phenotype (74). This process fuels chronic inflammation and contributes to 

“inflammaging,” a state of accelerated biological aging associated with increased risk of 

cardiovascular, metabolic, and neurocognitive diseases (75). 

Importantly, older PWH show poorer immune recovery despite effective viral 

suppression, reinforcing the importance of early ART initiation to limit long-term 

inflammatory damage (16). 

2.4 Role of Antiretroviral Therapy 

2.4.1 Metabolic Consequences 

ART plays a dual role in cardiometabolic health. On one hand, it suppresses viral 

replication and reduces systemic inflammation, thereby lowering the risk of many 

complications. On the other hand, certain antiretroviral agents contribute directly to 

metabolic disturbances (28). 

PIs, particularly older-generation agents (indinavir, ritonavir, nelfinavir), have been 

strongly associated with insulin resistance, dyslipidemia, and lipodystrophy, with 

metabolic complications developing in up to 60% of treated patients (76). Their 

mechanisms include interference with lipid metabolism, adipocyte function, and 

mitochondrial activity. Newer PIs such as atazanavir and darunavir have more favorable 

metabolic profiles, but long-term effects of earlier therapies persist in many patients (49). 

NRTIs, especially thymidine analogues (stavudine, zidovudine), have been linked to 

subcutaneous fat loss, ectopic fat deposition, and mitochondrial toxicity (39,49). 

INSTIs, now widely used as first-line therapy, are associated with significant weight gain, 

particularly when combined with TAF. A large NA-ACCORD cohort analysis (n = 

32,514) found that at 2 years, INSTI-treated patients gained a mean of 4.9 kg versus 2.7 

kg with NNRTIs, with bictegravir showing the highest numerical gain (6.9 kg); Black 

females on bictegravir or dolutegravir with TAF experienced the greatest weight increase 

(~10 kg at 2 years) (77). In the ADVANCE trial, most weight gain in dolutegravir groups 
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was fat accumulation in trunk and limbs, and was amplified with concomitant TAF use 

(34). This weight gain may increase the risk of metabolic syndrome, diabetes, and 

hypertension, with RESPOND consortium data showing that BMI changes mediate the 

association between INSTIs and incident hypertension (78). Additionally, efavirenz has 

well-documented neuropsychiatric effects including sleep disturbances, dizziness, and 

depression, while INSTIs have been associated with insomnia and depressive symptoms 

primarily in patients with pre-existing psychiatric conditions, with discontinuation rates 

due to neuropsychiatric side effects of up to 6% for dolutegravir (79,80). 

2.4.2 Cardiovascular Consequences 

Despite the metabolic effects described above, continuous ART use has a net 

cardiovascular benefit. The SMART trial demonstrated that continuous ART significantly 

reduced cardiovascular events compared with episodic, CD4-guided therapy (HR 1.57 for 

the interruption arm; 95% CI 1.00–2.46), and early ART initiation has been shown to 

achieve a lower inflammatory setpoint during viral suppression (81–83). 

Among specific drug classes, older-generation PIs increase CVD risk approximately 2-

fold (95% CI 1.7–2.37), with a clear dose-response relationship between cumulative PI 

exposure and myocardial infarction incidence demonstrated in the D:A:D cohort (49). 

Abacavir use has also been associated with increased MI risk in several large 

observational cohorts, although meta-analyses of clinical trials have yielded conflicting 

results (28). 

Whether INSTI-associated weight gain translates into increased cardiovascular events 

remains uncertain: a large target trial emulation found no association between INSTI 

initiation and ASCVD events in treatment-naïve individuals, while the RESPOND cohort 

reported a transient increase in the first two years of INSTI use (38,84). 

Current guidelines recommend that people with or at high risk for CVD receiving 

abacavir should switch to a non-abacavir regimen if an active alternative is available (38). 

Despite these concerns, modern ART regimens are substantially safer than earlier 

therapies, and their benefits in reducing HIV-related morbidity and mortality clearly 

outweigh their risks. The challenge lies in individualizing treatment to minimize long-
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term metabolic and cardiovascular complications, with particular attention to sex- and 

race-based differences in drug-related adverse effects (16,34). 

2.5 Role of Lifestyle Factors 

Lifestyle factors significantly influence cardiometabolic risk in PWH and often have a 

disproportionate impact compared to the general population (28). 

Smoking is highly prevalent among PWH and represents one of the most important 

modifiable cardiovascular risk factors. It is strongly associated with coronary artery 

disease and myocardial infarction, and cessation significantly reduces cardiovascular risk 

(16,28). 

Physical inactivity contributes to poor metabolic health, whereas regular exercise 

improves inflammation, insulin sensitivity, and overall cardiometabolic outcomes (28). 

However, maintaining long-term behavioral changes remains challenging (85). 

Diet also plays a crucial role. Diets rich in fruits, vegetables, whole grains, and healthy 

fats are associated with improved metabolic profiles, while high intake of sugar-

sweetened beverages and red meat contributes to increased cardiovascular risk (28). 

Alcohol consumption may further exacerbate cardiometabolic risk, particularly at high 

levels. Comprehensive lifestyle interventions - including smoking cessation, increased 

physical activity, dietary optimization, and reduced alcohol intake - are essential 

components of HIV care (28). 
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3 COMORBIDITIES AND MULTIMORBIDITY IN PWH 

The advent of ART has transformed HIV into a chronic disease, shifting the clinical 

burden from opportunistic infections to long-term non-infectious comorbidities (NICM) 

/ non-AIDS comorbidities (NACM). As a result, understanding multimorbidity in PWH 

has become central to both clinical care and public health planning. 

3.1 Prevalence and Incidence of Comorbidities in PWH Versus the 

General Population 

PWH experience a substantially higher burden of comorbidities and multimorbidity 

compared to the general population. Large cohort studies consistently demonstrate higher 

prevalence, earlier onset, and greater severity of chronic conditions (86). Multimorbidity, 

commonly defined as the presence of two or more comorbidities, is significantly more 

frequent in PWH, with higher mean numbers of coexisting diseases and greater overall 

disease burden. In the NA-ACCORD cohort, multimorbidity prevalence among ART-

treated PWH nearly tripled between 2000 and 2009, even after adjusting for age (87). 

Modeling projections estimate that multimorbidity will affect approximately 70% of 

PWH receiving ART by 2030 (5,24) (Figure 8). 

 

 

 

Figure 8. Forecasted prevalence 

(and shaded 95% uncertainty 

ranges) of individual comorbidities 

among people with HIV using 

antiretroviral therapy to the year 

2030. Adapted from Althoff et al., 

PLoS Med, 2024. 
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The most prevalent comorbidities include hypertension, hyperlipidemia, and type 2 

diabetes, all of which occur at higher rates than in the general population, reflecting the 

growing importance of cardiometabolic disease in HIV care (86). In addition, PWH 

exhibit increased rates of chronic kidney disease (CKD), liver disease (particularly related 

to hepatitis B and C coinfections), cardiovascular disease (CVD), non-AIDS-defining 

malignancies, osteoporosis, neurocognitive impairment, and psychiatric conditions such 

as depression and anxiety (5). Substance use disorders and alcohol abuse are also more 

common, further compounding health risks (27). 

A defining feature of multimorbidity in HIV is its earlier onset. Comorbidities tend to 

appear approximately 10 years earlier in PWH compared to HIV-negative individuals. 

This observation supports the concept of premature or accelerated aging, whereby HIV 

infection, chronic immune activation, and long-term ART exposure collectively shift 

disease trajectories toward earlier morbidity. Indeed, epidemiological data show that 

PWH aged 41–50 years may exhibit comorbidity profiles similar to HIV-negative 

individuals aged 51–60 years (5,23,88) (Figure 9). 

 

Figure 9. Estimated Mean Number of Non-AIDS Comorbidities (NACM) Among Persons With and 

Without HIV Stratified by Sex and Age Group. Participants were enrolled in the Women’s Interagency 

HIV Study (for women) or the Multicenter AIDS Cohort Study (men), stratified by sex and age group. 

Adjusted linear regression (model 2) was performed with the following covariates included: race and 

ethnicity, body mass index, socioeconomic status, cigarette use, alcohol use, crack or cocaine use, in 

addition to HIV serostatus, age, sex, and all interaction terms (HIV × age × sex, P for interaction = .04). 

Adapted from Collins et al., JAMA Netw Open, 2023. 
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This increased burden is driven by multiple interacting mechanisms. First, traditional risk 

factors such as smoking, alcohol use, and substance abuse are overrepresented in PWH. 

Second, persistent immune activation and chronic inflammation (despite effective viral 

suppression) contribute to vascular, metabolic, and end-organ damage. Third, cumulative 

exposure to ART, particularly older regimens, has been associated with metabolic 

disturbances, renal dysfunction, and bone disease (16,28). 

Importantly, HIV-specific factors also influence risk. Lower nadir CD4 cell counts, 

uncontrolled viremia and prolonged ART exposure are independent predictors of 

multimorbidity across multiple cohorts, highlighting the importance of early diagnosis 

and timely treatment initiation (16,23). 

The clinical and economic consequences are substantial. PWH experience higher rates of 

polypharmacy, increased hospitalization, and markedly higher healthcare costs compared 

to the general population (89). These burdens are further amplified by aging, as non-AIDS 

comorbidities - particularly CVD and cancer - have become leading causes of mortality 

in this population (16,19). 

3.2 Future Predictions of Comorbidities and Multimorbidity in PWH 

Projections indicate that the burden of comorbidities and multimorbidity in PWH will 

continue to rise in the coming decades. Modeling studies, such as PEARL, suggest that 

the prevalence of multimorbidity among PWH receiving ART will increase from 63% in 

2020 to 70% by 2030, driven by both population aging and improved survival (16,24,90) 

(Figure 10). 
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Figure 10. The predicted change in non-communicable disease burden. A. The number of HIV-positive 

patients on antiretroviral therapy with 0,1, 2 or 3 and more non-communicable diseases between 2015 and 

2035 in Italy and USA. Note: the two graphs are not on the same axis. B. The predicted co-morbidities 

profiles amongst HIV-positive patients on antiretroviral therapy in 2035 based on a cross-section of 100 

patients (each square represents one patient) for Italy and the USA. Abbreviations: Cardiovascular disease 

(CVD), Chronic kidney disease (CKD), Moderate CVD (dyslipidemia and/or hypertension) and Severe 

CVD (MI or stroke); United States of America (USA). Adapted from Smit et al., PLoS One, 2017. 

The demographic shift is striking: approximately half of the global population of PWH is 

already over the age of 50, and this proportion is expected to grow steadily (5,91). As 

HIV has become a chronic condition, patients are living long enough to develop age-

related diseases, often at earlier ages and with greater complexity. Encouragingly, recent 

longitudinal data from the Spanish CoRIS cohort (n = 18,659) show that the incidence of 

serious non-AIDS events (SNAEs) has declined over successive calendar periods (aHR 

0.68 for 2018–2023 vs. 2006–2011), with the predicted age at first SNAE rising from 42.2 

to 48.6 years, consistent with improvements in HIV management (92). However, the 
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overall comorbidity burden and polypharmacy continue to rise, particularly among 

women (92). 

Specific comorbidities are projected to follow heterogeneous trends. Mental health 

disorders, particularly depression and anxiety - which affect up to 55% of PWH in large 

cohort studies (93) - are expected to increase further, reflecting both biological and 

psychosocial vulnerabilities. Cardiometabolic conditions - including dyslipidemia, 

diabetes, CKD, and myocardial infarction - are also projected to rise, while hypertension 

trends may stabilize or decline. Cancer and advanced liver disease are expected to remain 

relatively stable but still contribute significantly to morbidity (24). Notably, the 

proportion of deaths due to non-AIDS malignancies has increased from 5% in 1996–1999 

to 19% in 2016–2020, while AIDS-related mortality has declined from 49% to 16% over 

the same period (54). 

Marked disparities exist across demographic groups. Older individuals, women, and those 

with a history of injection drug use are expected to experience the highest burden of 

multimorbidity. In the PEARL model, Black women with a history of injection drug use 

- the oldest demographic subgroup (median age 66 years by 2030) - are projected to have 

a 92% prevalence of multimorbidity (24). Women with HIV also carry a nearly 2-fold 

higher risk of cardiovascular events compared to men, and exhibit a higher overall NACM 

burden across racial and ethnic groups (88). These disparities underscore the importance 

of considering social determinants of health, access to care, and structural inequalities in 

HIV management (94). 

Importantly, the rising burden of multimorbidity is not limited to high-income settings. A 

systematic review and meta-analysis of studies from sub-Saharan Africa documented 

high prevalence of hypertension (21%), dyslipidemia (22–52%), and depression (24%) 

among PWH in LMICs, with NCDs frequently undiagnosed or poorly managed (95). This 

global dimension highlights the need for health systems worldwide to adapt to the dual 

challenge of infectious and noncommunicable diseases (95–97). 

The implications for healthcare systems are profound. HIV care must increasingly 

integrate management of chronic diseases, requiring coordination across specialties, 

expansion of clinical capacity, and continuous updating of clinical guidelines (27). Even 

in virally suppressed individuals, the risk of cardiovascular mortality remains 
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significantly elevated compared to uninfected populations, emphasizing the need for 

proactive prevention and monitoring strategies (16,28) - as underscored by the 

REPRIEVE trial, which demonstrated a 35% reduction in major adverse cardiovascular 

events with pitavastatin in PWH at low-to-moderate baseline risk (HR 0.65; 95% CI 0.48–

0.90), a benefit that extended across demographics, CD4 ranges, and viral load levels 

(26). 

3.3 Limitations of the Comorbidity and Multimorbidity Construct 

Despite its widespread use, the construct of multimorbidity in HIV has important 

limitations that constrain its clinical and research utility. 

From a methodological perspective, definitions of multimorbidity vary widely across 

studies. Some rely on simple counts of conditions, while others use weighted indices or 

disease-specific combinations. This heterogeneity limits comparability and may obscure 

clinically meaningful differences in disease burden (98,99). Furthermore, many studies 

rely on administrative data or self-reported diagnoses, which are subject to 

misclassification and detection bias (100). 

Another limitation is the inability of current frameworks to capture the dynamic and 

systemic nature of disease in PWH. Traditional constructs such as single comorbidities or 

even metabolic syndrome provide only a partial and relatively static view. More recently, 

the concept of cardiovascular-kidney-metabolic (CKM) syndrome has been proposed as 

a more integrated and dynamic framework, recognizing the interconnected progression 

of cardiovascular, metabolic, and renal disorders. Compared with metabolic syndrome, 

CKM offers a broader scope by integrating multiple organ systems rather than focusing 

solely on metabolic risk factors. It is also more outcome-oriented, as it emphasizes the 

prediction of hard clinical endpoints such as CVD, CKD, and mortality, rather than 

representing a simple cluster of risk factors (63,101–103). 

Importantly, CKM provides a dynamic framework that captures disease progression 

across stages, in contrast to the static definition of metabolic syndrome. This makes it 

more actionable in clinical practice, as it supports earlier intervention and improved risk 

stratification (103,104). In addition, it is more inclusive, accounting for heterogeneity 

across patient populations and the complex interactions between comorbidities, beyond 
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obesity and insulin resistance alone (63). Overall, CKM may better align with modern 

multimorbidity management by supporting a more integrated and clinically useful 

approach to care in PWH (102). 

Risk prediction tools further illustrate these limitations. Commonly used cardiovascular 

risk scores, developed for the general population, systematically underestimate risk in 

PWH (105). Even HIV-specific models show variable performance, highlighting the need 

for improved tools that incorporate HIV-related factors such as immune status, 

inflammation, and ART exposure (106). 

The concept of accelerated aging, while widely invoked, also lacks standardized 

definition and measurement (107). Biological markers such as telomere length, epigenetic 

clocks, and inflammatory biomarkers do not always correlate consistently with clinical 

outcomes, making it difficult to operationalize aging in HIV (108,109). 

Moreover, standard multimorbidity constructs fail to account for key HIV-specific 

contributors to disease burden. These include chronic viral coinfections, long-term ART 

toxicities, mental health disorders, substance use, and social determinants such as stigma 

and healthcare access. Sex and gender differences, which influence immune responses 

and disease trajectories, are also inadequately captured (94). 

Clinically, guidelines for managing multimorbidity in PWH remain underdeveloped. 

Most recommendations focus on individual conditions rather than integrated care, despite 

the reality that patients often present with complex, interacting diseases (110). 

Additionally, the number of comorbidities alone does not fully capture disease burden; 

measures such as disability-adjusted life years (DALYs) may provide a more 

comprehensive assessment by incorporating both morbidity and mortality (111). 

Finally, the aging of the HIV population introduces additional complexity through the 

emergence of geriatric syndromes and frailty. These multidimensional conditions - 

encompassing functional decline, vulnerability to stressors, and increased risk of adverse 

outcomes - extend beyond traditional disease-based models. Polypharmacy, drug–drug 

interactions, and inappropriate prescribing further complicate management, necessitating 

a multidisciplinary and geriatric-informed approach to care (16). 
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In this context, the CKM framework may serve as a conceptual bridge between 

multimorbidity management and the promotion of healthy aging in PWH. Its bidirectional 

staging system - from stage 0 (no CKM risk factors) through stage 4 (clinical CVD with 

CKM risk factors) - allows not only risk stratification but also the possibility of regression 

to earlier stages through targeted preventive interventions, aligning with the goals of 

prolonging health span rather than merely extending lifespan (63). This is particularly 

relevant in PWH, where HIV-associated chronic inflammation and immune dysregulation 

accelerate the biological mechanisms underlying CKM progression, including 

dysfunctional adiposity, endothelial dysfunction, and cellular senescence (94,102). From 

a geroscience perspective, the shared pathophysiological pathways between CKM 

syndrome and accelerated aging in HIV - such as inflammaging, mitochondrial 

dysfunction, and epigenetic alterations - suggest that stage-specific CKM interventions 

may simultaneously address both cardiometabolic-renal risk and aging-related 

vulnerability (94,112). Furthermore, the CKM construct supports a patient-centered, 

multidisciplinary model of care by integrating screening for social determinants of health, 

sex- and gender-specific risk factors, and geriatric syndromes into a unified clinical 

pathway (63,94). This holistic approach moves beyond disease-focused silos toward a 

care model that prioritizes what matters most to the individual patient - functional 

independence, quality of life, and the prevention of disability - consistent with the Age-

Friendly 4Ms framework (Mentation, Medication, Mobility, What Matters Most) 

increasingly advocated for aging PWH (113). Adopting such an integrated perspective 

may help overcome many of the limitations outlined above, by embedding multimorbidity 

management within a broader strategy of healthy aging that is both clinically actionable 

and responsive to the unique needs of PWH. 
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4 CKM SYNDROME IN THE GENERAL POPULATION 

Cardiovascular-kidney-metabolic (CKM) syndrome represents a paradigm shift in 

understanding the interconnected pathophysiology of metabolic dysfunction, chronic 

kidney disease (CKD), and cardiovascular disease (CVD). Rather than viewing these 

conditions as separate entities, CKM syndrome conceptualizes them as components of a 

unified, self-reinforcing system of multiorgan damage driven primarily by metabolic 

dysfunction, insulin resistance, and chronic inflammation (63,106). 

The American Heart Association (AHA) formalized this framework in 2023 (101), 

emphasizing the need for integrated prevention and management strategies across the 

disease continuum. This shift reflects growing recognition that upstream metabolic 

abnormalities - such as obesity, dysglycemia, and ectopic fat deposition - precede and 

drive both cardiovascular and renal disease. Earlier conceptual models, such as 

cardiovascular-renal disease (CVRD), failed to fully capture this central metabolic origin, 

leading to the emergence of more comprehensive frameworks like CKM and even 

expanded models incorporating hepatic involvement (114). 

4.1 The AHA 2023 CKM Framework: Definition and Staging 

The AHA defines CKM syndrome as a systemic disorder characterized by interactions 

among metabolic risk factors, CKD, and the cardiovascular system, resulting in 

multiorgan dysfunction and a high rate of adverse cardiovascular outcomes. This 

definition includes both individuals at risk for CVD and those with established disease 

complicated by metabolic and renal dysfunction (63). 

The framework introduces a five-stage classification system designed to guide early 

identification and intervention: 

• Stage 0: absence of CKM risk factors, with normal body composition, metabolic 

parameters, kidney function, and no evidence of CVD; 

• Stage 1: presence of excess or dysfunctional adiposity. This stage highlights adipose 

tissue as the initiating driver, including both simple excess weight and early metabolic 

dysfunction such as impaired glucose tolerance; 
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• Stage 2: development of metabolic risk factors (e.g., hypertension, dyslipidemia, 

prediabetes, diabetes, metabolic syndrome) and/or moderate-to-high-risk CKD; 

• Stage 3: subclinical CVD or high predicted cardiovascular risk, including imaging or 

biomarker evidence of early organ damage; 

• Stage 4: established clinical CVD (e.g., coronary artery disease, heart failure, stroke), 

often with persistent metabolic and renal abnormalities (63,101) (Figure 11). 

 

Figure 11. Stages of cardiovascular-kidney-metabolic (CKM) syndrome. Adapted from Ndumele et al., 

Circulation, 2023. 

A key feature of this staging system is its bidirectional nature, allowing for both 

progression and regression. This emphasizes that CKM syndrome is not a linear, 

irreversible process but a dynamic continuum amenable to early and sustained 

intervention (103). 

Importantly, the framework also incorporates risk-enhancing factors such as chronic 

inflammatory conditions, adverse social determinants of health, mental health disorders, 

sleep disturbances, and sex-specific factors (e.g., pregnancy complications, premature 

menopause), reflecting the multifactorial nature of CKM progression (63). 
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4.2 Pathophysiological Mechanisms 

CKM syndrome is fundamentally driven by metabolic dysfunction, particularly excess 

and dysfunctional adipose tissue. Visceral adiposity plays a central role, acting as an 

active endocrine organ that secretes proinflammatory cytokines, adipokines, and reactive 

oxygen species, thereby promoting systemic inflammation and insulin resistance. 

The pathophysiology involves complex bidirectional crosstalk between organs through 

several key mechanisms: 

• Hemodynamic injury: hyperglycemia and hypertension induce glomerular 

hyperfiltration and endothelial stress, promoting both kidney damage and 

atherosclerosis; 

• Metabolic toxicity: dysregulated glucose and lipid metabolism lead to accumulation 

of advanced glycation end products and oxidative stress; 

• Inflammatory amplification: chronic low-grade inflammation, often originating from 

adipose tissue and metabolic dysfunction-associated steatotic liver disease (MASLD), 

amplifies systemic injury; 

• Fibrotic progression: persistent inflammation leads to fibrosis in cardiovascular and 

renal tissues, which can become self-sustaining. 

Ectopic fat deposition further exacerbates these processes. Accumulation of fat in the 

liver, heart (epicardial and pericardial fat), and kidneys contributes directly to organ 

dysfunction. For example, epicardial fat promotes arrhythmias and myocardial 

dysfunction, while hepatic steatosis (MASLD) is increasingly recognized as both a driver 

and consequence of CKM syndrome (63) (Figure 12). 

This has led to proposals to expand the CKM framework into a cardiovascular-kidney-

hepatic-metabolic (CKHM) model, acknowledging the liver as a central organ in 

metabolic regulation and disease propagation (114,115). 
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Figure 12. Conceptual diagram for CKM syndrome. The image displays the pathophysiology underlying 

cardiovascular-kidney-metabolic (CKM) syndrome. Adapted from Ndumele et al., Circulation, 2023. 

4.3 An Expanded Framework: CKHM Syndrome 

In 2025, Theodorakis and Nikolaou argued that the 2023 CKM syndrome framework has 

a critical omission: the liver (114). MASLD, which can progress to metabolic 

dysfunction-associated steatohepatitis (MASH), is tightly linked to insulin resistance and 

obesity and contributes directly to both cardiovascular and renal impairment (114,116). 

Importantly, MASLD is bidirectionally associated with the development and progression 

of CKM syndrome: hepatic dysfunction accelerates cardiorenal deterioration, while 

cardiovascular and renal disease worsen hepatic outcomes (114,117). 

To address this gap, Theodorakis and Nikolaou proposed the cardiovascular-kidney-

hepatic-metabolic (CKHM) syndrome (or cardiovascular-renal-hepatic-metabolic 

syndrome - CRHM), an expanded framework that incorporates the liver's pivotal role in 

inter-organ metabolic crosstalk (114). The CKHM model advocates for an integrated 

diagnostic and therapeutic approach - rather than organ-specific management - leveraging 

agents such as SGLT2 inhibitors, GLP-1 receptor agonists, and dual GIP/GLP-1 receptor 

agonists that target shared pathophysiological pathways and confer benefits across 
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multiple organ systems simultaneously (116). This concept has since gained traction, with 

subsequent multidisciplinary consensus statements similarly calling for the inclusion of 

the liver in cardiometabolic syndrome frameworks (115,118). 

4.4 Epidemiology in the General Population 

CKM syndrome is highly prevalent and represents a major public health challenge. 

Population-based studies indicate that the majority of adults fall within the CKM 

spectrum, with stage 2 (metabolic risk factors or early CKD) being the most common. 

Large epidemiological analyses show that: 

• Stage 2 affects the largest proportion of the population, reflecting widespread 

metabolic dysfunction. In recent surveys, 43–56% of adults were classified as stage 

2, making it the predominant CKM stage (119,120); 

• Stage 1 affects approximately 25-35% of adults, reflecting the high prevalence of 

excess adiposity and early metabolic risk before the development of established 

metabolic abnormalities or CKD (120); 

• Advanced stages (3–4) account for approximately 10–15% of adults, a smaller but 

steadily increasing proportion associated with markedly higher cardiovascular and 

all-cause mortality (121,122); 

• Stage 0 represents only 8–12% of the adult population and has shown a declining 

trend over the last two decades, indicating progressive deterioration in 

cardiometabolic health at the population level (119–121,123–125). 

Overall, nearly 90% of adults meet the criteria for CKM syndrome (stage 1 or higher), 

underscoring the enormous public health burden of this condition and the need for early 

preventive interventions (123,126). 

CKD is often the most prevalent individual component, followed by diabetes and CVD. 

Importantly, these conditions frequently overlap, reinforcing the concept of a shared 

pathophysiological continuum (127). 

Disparities are evident across geographic, socioeconomic, and demographic groups. 

Higher CKM burden is observed among older individuals, those with obesity, smokers, 
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individuals with lower education and income, and residents of rural areas. These patterns 

highlight the critical role of social determinants of health in shaping CKM risk 

(124,125,128). 

4.5 Mortality and Clinical Outcomes 

CKM syndrome is associated with markedly increased mortality and adverse clinical 

outcomes. Multiple large prospective cohort studies have consistently demonstrated that 

the risk of all-cause mortality, cardiovascular death, and progression to end-stage kidney 

disease rises progressively with each advancing CKM stage (129). In the UK Biobank (n 

= 110,933; median follow-up 14.7 years), all-cause mortality rates increased from 6.3% 

at Stage 0 to 30.1% at Stage 4, with adjusted HRs of 1.14 for Stage 2, 1.25 for Stage 3, 

and 2.13 for Stage 4 (130) (Figure 13). The association was even more pronounced for 

CVD-specific mortality, with adjusted HRs reaching 3.46 (95% CI 2.50–4.77) at Stage 4 

(130) (Figure 14). Similarly, Wang et al. (eClinicalMedicine, 2025; n = 413,547 UK 

Biobank participants) reported a stepwise increase in CVD-specific mortality across 

CKM stages, with an adjusted HR of 10.40 (95% CI 7.61–14.21) for Stage 4 vs. Stage 0, 

and notably stronger associations among younger individuals (<60 years) and younger 

females (131). 

 

Figure 13. K-M Curves by Stage (All-Cause Death Endpoint). The curves represent the survival 

probabilities for patients categorized into 5 CKM stages (Stage 0-4). Adapted from Chen et al., JACC Adv, 

2025. 
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Figure 14. K-M Curves by Stage (CVD Death Endpoint). The K-M curves illustrate survival probabilities 

for individuals classified into 5 CKM stages (Stage 0-4). Adapted from Chen et al., JACC Adv, 2025. 

Each component contributes cumulatively to risk, with additive effects on mortality and 

reductions in life expectancy. In a large Taiwanese cohort (n = 515,602; median follow-

up 16.5 years), each additional CKM component was associated with a 22% increase in 

all-cause mortality risk (HR 1.22; 95% CI 1.21–1.23), a 37% increase in CVD mortality 

(HR 1.37; 95% CI 1.35–1.40), and a reduction in average life expectancy of 

approximately 3 years per component (129). The population-attributable fraction of CKM 

syndrome was 55% for CVD mortality, underscoring its dominant contribution to 

cardiovascular death at the population level (129). Notably, CKD plays a critical role in 

amplifying cardiovascular risk: the AHA Scientific Statement on CKM syndrome 

emphasizes that CKD is a "major amplifier of cardiovascular risk", and that the most 

common causes of death for people with diabetes and CKD are heart failure and 

atherosclerotic CVD, with only ~10% of CKD patients surviving to reach kidney failure 

(63). Failure to account for renal disease leads to underestimation of cardiovascular 

mortality - Tsai et al. estimated that excluding CKD from CKM syndrome would result 

in the missed attribution of 11% of CVD deaths (129). 

Advanced CKM stages are associated with particularly high death rates. In the UK 

Biobank (n = 413,547), Wang et al. reported adjusted HRs for all-cause mortality rising 

from 1.21 (Stage 2) to 2.30 (Stage 4), with CVD-specific mortality reaching an HR of 

10.40 at Stage 4 - associations notably stronger in younger adults (<60 years) (131). Zhou 
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et al. (CHERRY study; n = 764,856) confirmed this gradient in an Asian population (CVD 

mortality HR 5.64 at Stage 4), identifying CKD as the most potent risk amplifier at every 

stage (132). Gunnarsson et al. (2026) further highlighted that 34% of Stage 1 individuals 

progress to higher stages, driven by self-reinforcing cycles of metabolic, renal, and 

cardiac damage (126). These consistent findings across diverse populations reinforce the 

value of the CKM staging system in risk stratification and support early, stage-specific 

intervention. 

4.6 Risk Prediction and Screening 

To address limitations in traditional cardiovascular risk assessment, the AHA introduced 

the PREVENT equations, which incorporate kidney function and provide both short- and 

long-term risk estimates. These tools complement the CKM staging system and support 

more precise risk stratification (101,103). 

Screening strategies are increasingly risk-based and span the life course: 

• Early life: focus on identifying obesity, hypertension, and early metabolic 

abnormalities, with attention to family history and social determinants; 

• Adulthood: regular monitoring of BMI, waist circumference, blood pressure, lipid 

profile, glucose metabolism, and kidney function; 

• Higher-risk individuals: more frequent screening, including assessment of 

albuminuria, imaging for subclinical CVD, and evaluation of liver fibrosis in those 

with suspected MASLD (63,101). 

Emerging approaches also emphasize the importance of detecting subclinical disease, 

such as coronary artery calcium and early cardiac dysfunction, to guide preventive 

interventions (63,133). 
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4.7 Management Strategies Across CKM Stages 

Management of CKM syndrome is stage-specific and emphasizes both lifestyle and 

pharmacological interventions. 

• Stage 0 (no CKM risk factors): primordial prevention through healthy lifestyle 

behaviors aligned with the Life's Essential 8 framework, including heart-healthy diet, 

regular physical activity, smoking cessation, adequate sleep, and avoidance of excess 

weight gain across the life course (134) (Figure 15); 

 

Figure 15. Life’s Essential 8. Adapted from Lloyd-Jones et al., Circulation, 2022. 

• Stage 1 (excess or dysfunctional adiposity): focus on preventing metabolic risk factor 

development through comprehensive lifestyle modification, targeting ≥ 5% weight 

loss for clinically meaningful cardiometabolic benefit. Obesity pharmacotherapy 

(e.g., GLP-1 RAs) and bariatric surgery should be considered in selected cases. 

Metformin or lifestyle intervention may be used in those with impaired glucose 

tolerance to prevent progression to diabetes; 
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• Stage 2 (metabolic risk factors and/or CKD): addition of pharmacological therapies 

targeting hypertension (goal <130/80 mmHg), dyslipidemia (moderate- to high-

intensity statins), and diabetes. A comorbidity-driven approach guides selection of 

cardioprotective glucose-lowering agents: SGLT2 inhibitors are preferred for those 

with CKD or heart failure risk, while GLP-1 receptor agonists are favored for those 

with obesity or high ASCVD risk, providing cardiovascular and renal protection 

beyond glycemic control; 

• Stage 3 (subclinical CVD with CKM risk factors): intensified preventive strategies 

guided by subclinical disease detection. Coronary artery calcium (CAC) scoring is 

endorsed to refine risk stratification and statin therapy decisions in borderline-to-

intermediate risk patients. BNP-based screening for subclinical heart failure is 

supported, particularly in older adults with diabetes; 

• Stage 4 (clinical CVD with CKM risk factors): comprehensive guideline-directed 

medical therapy for established CVD - including the four pillars of HFrEF 

management (β-blockers, ARNI, MRA, and SGLT2 inhibitors) and high-intensity 

statins with antiplatelet therapy for ASCVD - combined with aggressive management 

of metabolic and renal risk factors. SGLT2 inhibitors benefit both HFrEF and HFpEF 

regardless of diabetes status (63,101,135) (Figures 16, 17). 

 

Figure 16. CKM syndrome stages and intervention strategies. Adapted from Ndumele et al., Circulation, 

2023. 
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Figure 17. Targeting Hallmarks of Aging to Prevent CKM Progression. Several interventions used in HIV 

and cardiometabolic care act as gerotherapeutics, modulating hallmarks of aging – extending benefit 

beyond disease control toward biological resilience. 

Across all stages, the AHA emphasizes interdisciplinary care and systematic screening 

for social determinants of health (SDOH), recognizing that adverse social conditions are 

intrinsically linked to access to CKM therapies. Care teams should include care 

navigators, social workers, or community health workers to connect patients to resources, 

and prevention efforts must extend beyond clinical settings to address the social context 

in which individuals live (63,101,135). 

4.7.1 Statins 

Statins represent a cornerstone pharmacological intervention across CKM stages, with 

benefits extending beyond lipid lowering. Their pleiotropic effects - including anti-

inflammatory, antioxidant, and endothelial-protective properties - may attenuate the 

interconnected pathophysiology linking metabolic, renal, and cardiovascular damage 

(131,136). 

In patients with CKD (a key driver of CKM progression), a Cochrane meta-analysis (43 

RCTs; 41,273 participants) confirmed that statins reduce all-cause mortality and major 

adverse cardiovascular events (MACE) with high-certainty evidence, though benefits 

diminish in those on dialysis (137). 
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A meta-analysis by Lin et al. (2025) specifically evaluating statin therapy in CKM Stage 

2 demonstrated significant reductions in LDL-C and total cholesterol, with favorable 

trends toward improved eGFR and reduced proteinuria - effects more pronounced with 

high-intensity regimens (138). 

The AHA Scientific Statement on CKM syndrome supports statin use for cardiovascular 

risk reduction across CKM stages, particularly in patients with established CKD or 

elevated ASCVD risk, as part of a comprehensive, stage-specific management strategy 

(63). 

4.7.2 Metformin 

Metformin remains a foundational glucose-lowering agent with potential relevance across 

CKM stages, particularly in early disease. Beyond glycemic control, metformin exerts 

pleiotropic effects - including AMPK activation, anti-inflammatory signaling, improved 

endothelial function, and reduced oxidative stress - that may attenuate the interconnected 

metabolic, renal, and cardiovascular pathways central to CKM pathophysiology 

(63,139,140). 

The UK Prospective Diabetes Study demonstrated reductions in myocardial infarction 

(39%) and all-cause mortality (36%) in overweight patients with type 2 diabetes (139), 

and a subsequent meta-analysis (>1 million patients) confirmed reduced cardiovascular 

and all-cause mortality with metformin use (141). 

In patients with CKD, metformin is recommended at eGFR ≥30 mL/min/1.73 m², with 

dose reduction below 45 mL/min/1.73 m², though direct cardiorenal benefits in this 

subgroup remain less established (141,142). 

The AHA Scientific Statement on CKM syndrome positions metformin as a cost-effective 

adjunct to newer cardioprotective agents (SGLT2 inhibitors, GLP-1 RAs), particularly for 

achieving glycemic targets in patients with uncontrolled hyperglycemia (63). 
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4.7.3 SGLT2i 

SGLT2 inhibitors have emerged as a cornerstone therapy across CKM stages, with 

benefits extending well beyond glycemic control. Their primary actions - glycosuria and 

natriuresis - trigger a cascade of pleiotropic effects including hemodynamic optimization, 

enhanced myocardial energetics via ketone utilization, reduced inflammation and 

oxidative stress, and attenuation of sympathetic overactivity (143,144). 

A meta-analysis of 13 trials (n = 90,413) demonstrated that SGLT2 inhibitors reduced the 

composite of heart failure hospitalization or cardiovascular death by ~24% in heart 

failure, ~23% in type 2 diabetes, and ~23% in CKD, with consistent benefits across 

varying combinations of these conditions (145). 

Crucially, cardiorenal protection is independent of diabetes status: the DAPA-CKD and 

EMPA-KIDNEY trials confirmed reductions in kidney disease progression and 

cardiovascular death in patients with CKD regardless of the presence of diabetes 

(146,147). A Cochrane review (2024) estimated that SGLT2 inhibitors prevent death in 

19 per 1,000 patients with CKD stages 1–2 and 3 per 1,000 with CKD stages 3–5 treated 

over one year (147). 

Current guidelines provide Class I recommendations for SGLT2 inhibitors across heart 

failure phenotypes and in CKD, positioning them - alongside RAAS inhibitors, beta-

blockers, and mineralocorticoid receptor antagonists - as foundational therapy within the 

CKM framework (144,148). 

4.7.4 GLP1/GLP1Ra 

GLP-1 receptor agonists and the dual GIP/GLP-1 receptor agonist tirzepatide have 

emerged as key therapeutic tools across CKM stages, offering integrated benefits on 

weight, glycemia, cardiovascular risk, and kidney protection. Their mechanisms extend 

beyond metabolic control to include anti-inflammatory effects, improved endothelial 

function, and RAAS modulation (63,149,150). 

A meta-analysis of 10 cardiovascular outcome trials (n = 71,351) demonstrated that GLP-

1 RAs reduce MACE by 14%, heart failure hospitalization by 14%, a composite kidney 

outcome by 17%, and all-cause mortality by 12% (151). The FLOW trial further 
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confirmed a 24% reduction in kidney disease progression with semaglutide in patients 

with type 2 diabetes and CKD (152). 

Tirzepatide, through dual incretin receptor agonism, appears to extend these benefits: in 

the SURPASS-CVOT trial (n = 13,165), it reduced the primary composite kidney 

outcome by 23% compared with dulaglutide, with greater effects in high-risk CKD 

subgroups, and retrospective data suggest superior reductions in mortality and MACE 

versus GLP-1 RAs alone (153,154). 

Current ADA guidelines position incretin-based therapies alongside SGLT2 inhibitors as 

foundational agents for cardiovascular and renal protection in CKM management 

(63,155). 

4.7.5 Finerenone 

Finerenone is the mineralocorticoid receptor antagonist (MRA) with the strongest 

evidence across CKM syndrome stages. In the FIDELITY pooled analysis (n = 13,026), 

finerenone reduced cardiovascular events by 14% and kidney events by 23% on top of 

maximally tolerated ACEi/ARB (156). 

The INFINITY individual participant data meta-analysis (n = 14,574) confirmed 

reductions in HF hospitalization (22%), CV death (18%), and kidney composites (24%), 

with benefits consistent regardless of CKD etiology, glycemic status, or SGLT2 inhibitor 

use (157). 

A post hoc FIDELITY analysis mapped these effects across AHA-defined CKM stages 

2–4, showing consistent cardiorenal protection at every stage, with the greatest absolute 

benefit in stage 4 (established CVD) (158). 

Finerenone is now FDA-approved for both CKD associated with type 2 diabetes and HF 

with LVEF ≥40%, and current KDIGO/ADA guidelines position it as a key pillar - 

alongside SGLT2 inhibitors and GLP-1 Ras - in the multi-drug management of CKM 

syndrome (155). 
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4.8 CKM Syndrome in Special Populations 

Significant disparities exist in CKM syndrome across different populations. Racial and 

ethnic minorities, particularly Black and Indigenous populations, experience higher rates 

of advanced disease and mortality, largely driven by social determinants of health 

(124,159). 

Sex-specific differences are also evident. Women, particularly after menopause, may have 

higher prevalence of advanced CKM stages. Pregnancy-related conditions such as 

gestational diabetes and preeclampsia further increase long-term risk (63,160). 

Age is a major determinant, with advanced stages more common in older adults. 

However, early metabolic dysfunction often begins decades earlier, highlighting the 

importance of early-life prevention (63,130). 

Socioeconomic and geographic disparities further shape CKM risk. Lower income, 

limited education, rural residence, and reduced access to healthcare are all associated with 

worse outcomes, emphasizing the need for health system-level interventions 

(63,128,161). 

4.9 Heterogeneity Within CKM Syndrome 

CKM syndrome is highly heterogeneous. Individuals with similar body mass index may 

have vastly different metabolic profiles, reflecting differences in fat distribution, 

particularly visceral and ectopic fat (63,162). 

Some individuals with obesity remain metabolically healthy, while others develop severe 

metabolic dysfunction at lower levels of adiposity. This variability underscores the 

importance of assessing metabolic health beyond simple anthropometric measures (63). 

Progression through CKM stages also varies widely, influenced by genetic factors, 

lifestyle behaviors, environmental exposures, chronic inflammation, and social 

determinants (63,125). Understanding this heterogeneity remains a major challenge and 

area of active research. 
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4.10 CKM Syndrome Versus Metabolic Syndrome: a Conceptual 

Advance 

The CKM syndrome framework, introduced by the AHA in 2023, represents a substantial 

conceptual advance over the traditional metabolic syndrome (MetS) construct (63,101). 

While MetS has been valuable in highlighting the clustering of cardiometabolic risk 

factors - abdominal obesity, dysglycemia, atherogenic dyslipidemia, and hypertension - 

it has well-recognized limitations (163). MetS operates as a binary classification (present 

or absent), which neglects both the risk gradient associated with an increasing number of 

components and the continuous risk gradient observable for individual risk factors (163). 

Moreover, MetS focuses narrowly on metabolic risk factor aggregation without directly 

linking to hard clinical outcomes such as MACE, heart failure, CKD progression, or 

mortality, and it excludes kidney involvement entirely from its diagnostic framework 

(63). 

The CKM construct addresses these limitations across several dimensions. First, it 

expands the organ scope beyond metabolism alone to explicitly integrate the kidney and 

the cardiovascular system as central, interacting components of a unified 

pathophysiological process (63,101). CKD is incorporated from Stage 1 onward, 

reflecting the growing recognition that kidney dysfunction is both a consequence and an 

amplifier of metabolic and CVD (164). Second, CKM syndrome replaces the binary MetS 

classification with a 5-stage dynamic continuum (Stages 0–4), in which each stage 

transition confers an incrementally higher absolute CVD and mortality risk (126,130). 

Critically, this staging path is bidirectional: stage regression is explicitly targeted, with 

evidence supporting that individuals can regress even back to Stage 0 through targeted 

preventive interventions such as lifestyle modification, weight-loss pharmacotherapy, or 

remission of metabolic risk factors (63,103). Third, the CKM framework is outcome-

oriented, anchored to hard endpoints including MACE, heart failure hospitalization, 

kidney failure, and all-cause mortality, rather than serving merely as a risk cluster 

(63,130). 

From a therapeutic perspective, the CKM construct provides stage-specific, mechanism-

guided management recommendations - ranging from lifestyle interventions and weight-

loss pharmacotherapy (GLP-1 receptor agonists) in early stages to multi-drug cardio-renal 
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protection (SGLT2 inhibitors, RAAS blockade, finerenone) in advanced disease - rather 

than the generic lifestyle and statin approach traditionally associated with MetS (63,126). 

Furthermore, the CKM framework accommodates lean metabolic dysfunction, 

recognizing that individuals with dysfunctional adiposity or metabolic risk factors may 

develop CKM syndrome even in the absence of overt obesity, a phenotype that MetS - 

with its obesity-centric diagnostic criteria - tends to miss (63,165). Finally, the CKM 

construct aligns with emerging geroscience principles: the pathways driving CKM 

progression - including AMPK dysregulation, mTOR hyperactivation, and cellular 

senescence - overlap substantially with the hallmarks of biological aging, providing a 

mechanistic bridge between metabolic disease and accelerated organ damage that MetS 

does not address (140,166) (Figure 18). 

 

Figure 18. Comparison between Metabolic Syndrome and CKM Syndrome. 

In summary, while MetS remains a useful screening tool for identifying clusters of 

metabolic risk, the CKM syndrome framework offers a more comprehensive, dynamic, 

and clinically actionable model that better reflects the multiorgan pathophysiology, 

progressive nature, and therapeutic opportunities of cardiometabolic disease (63). 
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5 CKM SYNDROME IN PWH 

As ART has transformed HIV into a chronic condition, PWH face a growing burden of 

non-infectious comorbidities, among which CKM syndrome - the convergence of 

metabolic dysfunction, CVD, and CKD - is particularly concerning. With nearly 41 

million people living with HIV globally and the majority in high-income settings now 

over 50, chronic comorbidities occur two to four times more frequently than in the general 

population and rarely in isolation, instead clustering within the interconnected CKM 

framework. Visceral adiposity further amplifies these interactions, accelerating disease 

progression across metabolic, cardiovascular, and renal domains (5,27,28,63,102). 

Despite the growing clinical importance of CKM syndrome in PWH, this area remains 

poorly characterized. Presentations at the 2026 Conference on Retroviruses and 

Opportunistic Infections (CROI) described CKM in PWH as “an emerging frontier for 

clinical pharmacology”, emphasizing that inflammation, pharmacokinetic complexity, 

ART-associated metabolic effects, and gut dysbiosis collectively amplify risk. Yet, 

fundamental questions about prevalence, natural history, and optimal management remain 

unanswered (102). 

5.1 Mechanistic Pathways: a Converging Network 

Multiple interconnected mechanisms drive CKM syndrome in PWH, creating a distinct 

and multifaceted phenotype: 

• Chronic inflammation and immune activation: persistent immune activation remains 

a hallmark of treated HIV infection. Elevated cytokines, monocyte activation markers, 

and endothelial dysfunction contribute to atherosclerosis, insulin resistance, and renal 

injury (16,28); 

• HIV viral effects: viral proteins directly disrupt lipid metabolism, promote insulin 

resistance, and impair adipocyte function, contributing to metabolic dysregulation 

(49); 

• ART-associated metabolic effects: while modern ART regimens are safer, they are not 

metabolically neutral. Weight gain, visceral adiposity, and altered glucose and lipid 

metabolism are increasingly recognized, particularly with newer agents (29,34); 
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• Gut dysbiosis and microbial translocation: disruption of the gut barrier allows 

microbial products such as lipopolysaccharide to enter circulation, fueling systemic 

inflammation. Microbiota-derived metabolites such as trimethylamine N-oxide 

(TMAO) are implicated in atherosclerosis, thrombosis, and renal fibrosis. Other 

metabolites, including myristic acid, may further link lipid metabolism to kidney 

injury (167–169); 

• Pharmacokinetic complexity: HIV infection and its treatment can alter drug 

absorption, distribution, metabolism, and excretion. Obesity further modifies these 

parameters, affecting drug efficacy and safety in CKM therapies (170); 

• Renin-angiotensin-aldosterone system (RAAS) activation: RAAS dysregulation 

contributes to hypertension and metabolic dysfunction, interacting with inflammatory 

pathways (171); 

• Accelerated aging and sarcopenic obesity: PWH experience premature biological 

aging characterized by mitochondrial stress, cellular senescence, and muscle loss. 

When combined with obesity, this leads to sarcopenic obesity, a phenotype strongly 

associated with functional decline and CKM progression (94,172). 

Together, these mechanisms create a CKM phenotype in PWH that is earlier in onset, 

more complex, and often more aggressive than in the general population (102) (Figures 

19, 20). 
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Figure 19. Intertwined 

relationships and HIV-specific 

mechanisms that promote 

obesity and accelerate CKM 

trajectories. The 

pathophysiology and 

pharmacokinetic alterations are 

displayed. Adapted from 

Devanathan et al., Clin 

Pharmacol Ther, 2025. 

 

 

 

 

 

 

Figure 20. Proposed pathophysiology of CKM syndrome in PWH. 
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Recognizing this mechanistic convergence has direct implications for clinical care. The 

geroscience hypothesis proposes that therapeutically targeting fundamental aging 

processes - rather than addressing each comorbidity individually - could have a greater 

impact on delaying CKM progression and preserving functional capacity in PWH (112). 

This principle aligns with the shift from disease-centered to patient-centered care models, 

in which the goal extends beyond lifespan to the preservation of health span - the period 

of life free from significant disability and multimorbidity (94). Translating this vision into 

practice requires integrated care platforms that embed CKM risk assessment within 

broader multidomain screening for aging-related vulnerabilities, including cognitive 

decline, frailty, polypharmacy, and psychosocial needs. Early real-world experiences with 

such programs - incorporating multidisciplinary teams of HIV specialists, geriatricians, 

cardiologists, pharmacists, and social workers - have demonstrated high rates of 

identification of previously unrecognized aging-related conditions and improved 

engagement with cardiometabolic preventive care, even among virologically suppressed 

individuals (113,173,174). These models illustrate how a mechanistic understanding of 

CKM in PWH can be operationalized into holistic, patient-centered care pathways that 

address not only what drives disease, but what matters most to the individual patient. 

5.2 The Knowledge Gap: What Remains Unknown 

Despite advances in understanding individual components of CKM, the integrated 

syndrome remains insufficiently studied in PWH. Most research has focused on single-

organ outcomes, leaving a gap in multidomain approaches that capture the full syndemic. 

Key unanswered questions include: 

• How prevalent is CKM syndrome across its stages in PWH? 

• Does HIV accelerate progression through CKM stages? 

• How do ART and CKM therapies interact pharmacologically? 

• Can HIV-specific biomarkers improve risk prediction? 

• Do standard CKM treatments provide equivalent benefits in PWH? 



53 
 

Additionally, there is growing recognition of the need for multidomain biomarker panels 

that capture overlapping pathways. For example, distinct phenotype “signatures” may 

emerge: 

• A vascular–renal–inflammatory profile suggesting benefit from early statins and 

SGLT2 inhibitors; 

• A gut–inflammation profile pointing toward microbiome-targeted interventions; 

• A metabolic–adiposity profile favoring GLP-1 receptor agonists and lifestyle 

modification. 

Such stratification could enable more precise and personalized CKM care in PWH. 

5.3 Study Hypotheses: Advancing CKM Research in PWH 

Building on current knowledge, several key hypotheses emerge: 

• Accelerated CKM progression: PWH likely transition through CKM stages more 

rapidly due to persistent inflammation, metabolic disruption, and HIV-specific 

factors; 

• Inflammation-driven phenotype: inflammatory biomarkers may independently 

predict CKM risk and improve stratification beyond traditional models; 

• Differential therapeutic response: SGLT2 inhibitors and GLP-1 receptor agonists may 

remain beneficial but could exhibit altered efficacy or safety due to pharmacokinetic 

changes and ART interactions; 

• Gut microbiome as a therapeutic target: interventions restoring gut integrity may 

reduce inflammation and slow CKM progression; 

• ART regimen effects: integrase inhibitor–based therapies may reduce some metabolic 

risks compared to older regimens, though their association with weight gain 

complicates this relationship; 

• Impact of early ART initiation: early treatment may mitigate long-term CKM risk by 

limiting cumulative inflammation and preserving immune function. 
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STUDY OBJECTIVE 

 

The aim of this study was to determine the prevalence of CKHM stages, to characterize 

stage-to-stage transitions over the period 2005–2025, and to identify clinical, metabolic, 

and HIV-related factors associated with progression and reversion across CKHM stages 

among people with HIV (PWH). 
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METHODS 
 

Study Design, Setting and Inclusion Criteria 

This was a longitudinal observational study including ART-experienced PWH attending 

the Modena HIV Metabolic Clinic (MHMC), Italy, between 2005 and 2025. 

MHMC is a tertiary-level referral center established in 2004, where each patient is 

routinely followed for the screening and management of comorbidities, including 

subclinical cardiovascular disease, immuno-metabolic disorders, geriatric syndromes, 

and frailty, as previously described (175). At each annual visit, every patient undergo a 

standardized one-day comprehensive evaluation. This includes blood sampling for HIV-

related parameters as well as endocrinological and immuno-metabolic biomarkers, 

assessment of liver fibrosis by transient elastography, and body composition analysis by 

Dual-energy X-ray absorptiometry (DEXA). DEXA provides detailed measures of total 

and regional lean mass, fat mass - including visceral adipose tissue (VAT) - and bone 

mineral density (176). 

For the estimation of CKHM prevalence, all PWH with at least one CKHM assessment 

during the study period were eligible for inclusion. Analyses of transitions across CKHM 

stages were restricted to PWH with at least two assessments over time. 

To better characterize temporal trends in CKHM burden and stage transitions, the 

observation period was divided into three predefined intervals: 2005–2015 (Period 1), 

2016–2020 (Period 2), and 2021–2025 (Period 3). These intervals were defined according 

to major changes in antiretroviral therapy (ART) practices: 

• Period 1 (2005–2015) corresponds to the pre-INSTI and first-generation INSTI era, 

preceding the widespread adoption of integrase strand transfer inhibitors (INSTIs), 

and to a period in which protease inhibitors (PIs) were still commonly used as part of 

standard regimens; 

• Period 2 (2016–2020) is characterized by the introduction and progressive widespread 

use of second-generation INSTIs, alongside a gradual decline in PI-based regimens, 

which were progressively replaced in clinical practice; 
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• Period 3 (2021–2025) represents the post-COVID-19 era, during which second-

generation INSTIs had been in use long enough to allow evaluation of their potential 

long-term impact on CKHM progression and reversion. In this period, PIs were no 

longer used as first-line therapy in ART-naïve patients in routine clinical practice. 

CKHM Criteria 

CKHM status was evaluated at each visit at the MHMC. The classification system was 

derived from the American Heart Association/American College of Cardiology 

(AHA/ACC) CKM framework and adapted to the study population by integrating hepatic 

involvement. The primary aim of this adaptation was to ensure complete patient 

classification at all time points, following a “no one left behind” principle. To ensure 

longitudinal consistency, CKHM Stage 4 was considered irreversible. Accordingly, once 

a patient fulfilled criteria for Stage 4, subsequent visits were no longer used for stage 

reclassification, as further transitions were not considered clinically plausible within the 

study framework. In line with this assumption, certain chronic conditions - namely 

diabetes, hypertension, and chronic kidney disease (CKD) - were also treated as non-

reversible for staging purposes, despite their potential partial reversibility in real-world 

clinical practice. 

CKHM stages were defined as follows: 

• CKHM Stage 0 was defined as the absence of metabolic risk factors, including all of 

the following: age <40 years or low-to-moderate cardiovascular (CV) risk, preserved 

renal function (eGFR ≥60 mL/min/1.73 m²), absence of hypertension and diabetes, 

and at least two favorable metabolic or anthropometric parameters, including optimal 

glucose metabolism, LDL cholesterol, triglycerides, and body composition indices; 

• CKHM Stage 1 was defined by preserved renal function (eGFR ≥60 mL/min/1.73 m²) 

in the presence of at least one of the following: moderate-to-high CV risk or at least 

one metabolic, anthropometric, or lipid abnormality, consistent with early 

cardiometabolic risk without evidence of target organ damage; 

• CKHM Stage 2 was characterized by the coexistence of metabolic and cardiovascular 

risk factors, including high CV risk and/or lipid, metabolic, or anthropometric 
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abnormalities, together with established cardiometabolic disease, defined as ectopic 

fat accumulation, CKD, diabetes, or hypertension, indicating early organ 

involvement; 

• CKHM Stage 3 was defined by the presence of at least one cardiometabolic condition 

(ectopic fat, CKD, diabetes, hypertension, or lipid/anthropometric abnormalities) 

together with evidence of subclinical or high-risk cardiovascular disease (CVD), 

including elevated coronary artery calcium (CAC) score, increased carotid intima-

media thickness (IMT), very high estimated CV risk, or significant liver fibrosis; 

• CKHM Stage 4 represented the most advanced stage and was defined by the presence 

of at least one of the following: clinical CVD, coronary artery calcium (CAC) score 

>400, solid organ transplantation (liver or kidney), or end-stage CKD, defined as 

eGFR <30 mL/min/1.73 m² confirmed on at least two measurements separated by at 

least three months. 

The specific cut-off values applied for each criterion across all CKHM stages are detailed 

in Figure 21. 
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Figure 21. Cardiovascular-kidney-hepatic-metabolic (CKHM) syndrome stages criteria. 
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Further definitions of the anthropometric, ectopic fat, and metabolic cluster cut-offs are 

provided below. 

Anthropometric cluster: 

• BMI ≥ 25 kg/m²; 

• Waist-to-height ratio ≥ 0.5; 

• Waist circumference ≥ 88 cm (women) / ≥ 102 cm (men). 

Ectopic fat cluster: 

• Visceral adipose tissue (VAT) ≥ 150 cm²; 

• Hepatic steatosis defined as CAP ≥ 248 dB/m or FEG/MIL < 1.1. 

Metabolic cluster: 

• Fasting plasma glucose ≥ 100 mg/dL; 

• HOMA-IR ≥ 2.5; 

• HbA1c 39–47 mmol/mol. 

Covariates and Data Collection 

All clinical and laboratory data were extracted from electronic medical records and 

systematically collected at each visit performed at the MHMC. 

Collected variables included demographic characteristics (age, sex, ethnicity, and 

education), anthropometric measures (weight, height, BMI, waist circumference, visceral 

adipose tissue, and waist-to-height ratio), and lifestyle factors (physical activity, smoking 

status including pack-years, and alcohol consumption). Physical activity was assessed 

with International Physical Activity Questionnaire (IPAQ) as metabolic equivalent of task 

(MET). A MET is the ratio of the rate of energy expended during an activity to the rate of 

energy expended at rest (1 MET is the rate of energy expenditure while at rest). Level of 

physical activity was further categorized as low (MET score <600), moderate (601<MET 

score>1500) and intense (MET score >1500) (177). 

HIV-related parameters included current CD4 cell count, nadir CD4 count, CD4/CD8 

ratio, HIV RNA viral load, time since HIV diagnosis, and cumulative exposure to the four 
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main ART classes: nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside 

reverse transcriptase inhibitors (NNRTIs), integrase strand transfer inhibitors (INSTIs), 

and protease inhibitors (PIs). 

Biochemical variables included fasting glucose, HbA1c, insulin, total cholesterol, LDL 

cholesterol, HDL cholesterol, triglycerides, C-reactive protein (CRP), and D-dimer. 

Cardiovascular risk was estimated using the SCORE2 or SCORE2-OP algorithms, as 

recommended by the European Society of Cardiology, which incorporate age, sex, 

smoking status, systolic blood pressure, and lipid levels. Italy was classified as a moderate 

cardiovascular risk region according to SCORE2 regional calibration (178). 

Visceral adipose tissue (VAT) was assessed using either computed tomography (CT) or 

dual-energy X-ray absorptiometry (DEXA), depending on availability. 

Subclinical CVD was assessed using coronary artery calcium (CAC) score and carotid 

intima–media thickness (IMT). In a subset of PWH at high cardiometabolic risk, chest 

CT scans were performed between 2005 and 2020 to evaluate the presence and extent of 

coronary artery calcium. CAC scores were calculated using the Agatston method (179). 

CAC scores ranging from 100 to 400 were considered indicative of subclinical CVD, 

whereas a CAC score >400 was considered equivalent to established coronary artery 

disease and indicative of the need for secondary prevention strategies. Carotid IMT was 

assessed using high-resolution B-mode ultrasonography, and an IMT >1 mm was 

considered clinically significant. 

Comorbidities were defined according to European AIDS Clinical Society (EACS) 

guidelines (180). Diabetes mellitus was defined as fasting plasma glucose >126 mg/dL 

and/or HbA1c >48 mmol/mol, or the current use of antidiabetic medication. Hypertension 

was defined as two consecutive blood pressure measurements ≥140/90 mmHg or the use 

of antihypertensive medication. CKD was defined according to the 2024 Kidney Disease: 

Improving Global Outcomes (KDIGO) classification (181), as adopted by the EACS 

guidelines, as abnormalities of kidney structure or function persisting for at least 3 

months. For the purposes of this study, CKD was defined by an eGFR <60 mL/min/1.73 

m² and/or persistent albuminuria lasting for more than 3 months. 
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CVD was defined as the presence of major cardiovascular events, including acute 

coronary syndrome, myocardial infarction, unstable angina, coronary or other arterial 

revascularization, stroke or transient ischemic attack, and peripheral arterial disease of 

atherosclerotic origin. These diagnoses were retrieved from patients’ electronic medical 

records and were considered regardless of calculated cardiovascular risk score. 

Study Outcomes 

Primary outcome: the prevalence of CKHM syndrome stages (0–4) among people with 

HIV over the study period (2005–2025). 

Secondary outcomes: 

1. Stage-to-stage transition rates (progression and reversion) across CKHM stages over 

the study period; 

2. Clinical, metabolic, and HIV-related factors associated with progression to a higher 

CKHM stage; 

3. Clinical, metabolic, and HIV-related factors associated with reversion to a lower 

CKHM stage. 

Statistical Analysis 

Continuous variables were summarized using median, lower (Q1), and upper (Q3) 

quartile, while categorical variables were reported as counts and percentages. Between-

group comparisons at T0 and T1 were performed using the t-test or its non-parametric 

equivalent for continuous variables, and the χ² test for categorical variables. 

Prevalence was estimated across three study periods. When a patient had more than one 

CKHM assessment within the same period, the highest stage recorded during that interval 

was used, in order to avoid underestimating disease burden. 

Transitions across CKHM stages and death were modelled using continuous-time multi-

state Markov models, a framework that extends conventional survival analysis by 

allowing individuals to move between multiple health states simultaneously over a period 
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of follow-up. Unlike approaches that consider only a single event, multi-state models 

accommodate both disease progression and reversion, enabling the joint estimation of 

transition rates across all clinically plausible directions. 

The state space comprised six mutually exclusive health states: CKHM stages 0, 1, 2, and 

3, which were defined as transient states, and CKHM stage 4 and death, which were 

treated as absorbing states. An absorbing state is one from which no backward transition 

is modelled. Individuals reaching CKHM stage 4 could not regress to a lower CKHM 

stage, and death represented the terminal event from which no further transitions were 

possible. All transient states permitted both forward transitions to higher CKHM stages 

and backward transitions to lower stages, as well as direct transitions to death, reflecting 

the potentially reversible yet ultimately progressive nature of CKHM syndrome. Non-

adjacent transitions (for example, from stage 0 directly to stage 2, or from stage 2 directly 

to stage 4) were also permitted where clinically plausible and supported by the observed 

data, allowing the model to capture accelerated progression without requiring passage 

through all intermediate stages. 

Under the Markov assumption, the probability of transitioning to any future state depends 

solely on the state currently occupied and not on the sequence of states previously visited. 

Transition intensities, representing the instantaneous rates of moving between states, were 

modelled as functions of the current state, individual patient characteristics, and age at 

the time of each observed transition. Patient age at the time of transition was incorporated 

as a time-varying component to allow transition rates to change as individuals age, which 

was considered clinically necessary to adequately capture the age-dependent trajectory of 

cardiometabolic risk. 

Each covariate was assumed to act multiplicatively on the baseline transition intensity 

through a proportional hazards parameterisation, yielding hazard ratios that quantify the 

relative change in transition rate per unit change in the covariate, conditional on all other 

variables in the model. The following covariates were included to estimate the relative 

risks of progression and reversion across CKHM stages: biological sex, age at transition, 

duration of HIV infection categorised into tertiles (medium and long duration relative to 

short), level of physical activity, use of integrase strand transfer inhibitors (INSTIs), use 

of protease inhibitors (PIs), and use of statins. The subset of covariates included for each 
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specific transition was determined through model selection, as not all predictors were 

retained for all transitions. 

Model selection was based on Akaike's Information Criterion (AIC), a standard statistical 

measure that rewards better fit to the observed data while penalising unnecessary model 

complexity. In practical terms, a lower AIC indicates a model that more accurately 

describes the data without being overly complicated. Three models were compared: a null 

model containing no covariates, a simpler covariate model, and the final selected model. 

The selected model provided the best balance between accuracy and parsimony, and its 

superiority over the null model confirmed that including patient characteristics and age-

dependent transition rates was necessary to adequately capture disease trajectories in this 

population. 
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RESULTS 
 

Among 31,232 observations, 3,838 PWH had at least two CKHM assessments during the 

study period. The median follow-up was 6.36 years (Q1–Q3: 2.03–12.2), during which 

171 deaths occurred. Across the three study periods, the prevalence of advanced CKHM 

stages (stages 3 and 4) increased significantly, rising from 36% in 2005–2015 to 63% in 

2021–2025. In contrast, the prevalence of CKHM stages 0, 1, and 2 progressively 

declined over the same periods (Figure 22). 

 

Figure 22. Prevalence of cardiovascular-kidney-hepatic-metabolic (CKHM) stages across 3 time periods. 

Total number of people with HIV (PWH) included in each period: (i) 2005-2015: 3717; (ii) 2016-2020: 

2285; (iii) 2021-2025: 2067. 

At the last available observation, among the 3,838 participants, the distribution across 

CKHM syndrome stages was as follows: stage 0 (2.1%), stage 1 (33.6%), stage 2 (33.3%), 

stage 3 (23.1%), and stage 4 (7.9%). Increasing CKHM stages were associated with older 

age (median 42 years in stage 0 vs. 56 years in stage 4, p<0.001), a higher proportion of 

men (53% vs. 84%, p<0.001), and a progressive increase in BMI and waist-to-height ratio 

(both p<0.001). More advanced CKHM stages were also characterized by longer HIV 

duration (13 vs. 23 years, p<0.001), lower nadir CD4 cell counts (p<0.001), and a higher 

prevalence of current INSTI exposure (31% vs. 53%, p<0.001), whereas current CD4 
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count and CD4/CD8 ratio did not differ across groups. Cardiometabolic abnormalities 

progressively worsened with increasing CKHM severity, including declining eGFR and 

increasing insulin resistance. HbA1c levels increased and lipid profiles became less 

favorable, with a progressive increase in triglycerides, a reduction in HDL cholesterol, 

and a higher prevalence of dyslipidemia (52% in stage 0 vs. 91% in stage 4, all p<0.001). 

Similarly, markers of ectopic fat accumulation and liver involvement increased across 

CKHM stages, with VAT measured by DEXA rising from a median of 61 to 166 cm² and 

liver stiffness increasing from 4.9 to 6.0 kPa (both p<0.001), indicating a progressive 

burden of metabolic dysfunction and liver fibrosis in patients with more advanced CKHM 

syndrome (Table 1). 

Table 1. Demographic, anthropometric, lifestyles, HIV-related, and cardiometabolic characteristics of 

people with HIV (PWH) at the last available observation. 

Median (Q1, Q3) or N 

(%) 

Stage 0 

N= 81 

(2.1%) 

Stage 1 

N = 1,288 

(33.6%) 

Stage 2 

N = 1,277 

(33.3%) 

Stage 3 

N = 887 

(23.1%) 

Stage 4 

N = 305 

(7.9%) 

p 

Demographics, anthropometrics and lifestyles 

Age (years) 
42 

(37, 50) 

45 

(40, 50) 

47 

(43, 53) 

55 

(50, 61) 

56 

(50, 62) 
<0.001 

Male sex 43 (53%) 807 (63%) 
912 

(71%) 

697 

(79%) 

256 

(84%) 
<0.001 

BMI (kg/m²) 
21.2 (19.2, 

22.6) 

22.6 (20.8, 

24.5) 

24.6 

(22.3, 

27.4) 

24.7 

(22.3, 

27.5) 

24.9 

(22.1, 

27.3) 

<0.001 

Waist-to-Height Ratio 

(WHtR) 

0.45 (0.43, 

0.48) 

0.49 (0.46, 

0.53) 

0.53 

(0.49, 

0.57) 

0.54 

(0.50, 

0.59) 

0.55 

(0.50, 

0.60) 

<0.001 

Physical 

activity 

Vigorous 11 (14%) 127 (9.9%) 
116 

(9.1%) 

84 

(9.5%) 

14 

(4.6%) 
0.009 

Moderate 33 (41%) 474 (37%) 
445 

(35%) 

367 

(41%) 

111 

(36%) 

Smoking 32 (39%) 612 (48%) 
430 

(34%) 

339 

(38%) 

129 

(42%) 
<0.001 
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Alcohol 

consumption 

Moderate 31 (38%) 488 (38%) 
496 

(39%) 

320 

(36%) 

110 

(36%) 
0.021 

Intense 0 (0%) 18 (1.4%) 20 (1.6%) 
29 

(3.3%) 
5 (1.6%) 

HIV-related variables 

HIV duration (years) 
13 

(7, 24) 

17 

(10, 22) 

17 

(11, 22) 

23 

(16, 29) 

23 

(17, 29) 
<0.001 

Nadir CD4 cell count 

(c/µL) 

272 

(169, 392) 

200 

(96, 313) 

200 

(70, 300) 

175 

(60, 291) 

161 

(65, 261) 
<0.001 

Current CD4 cell count 

(c/µL) 

650 

(476, 887) 

636 

(460, 846) 

625 

(450, 

835) 

619 

(443, 

824) 

639 

(446, 

870) 

0.500 

CD4/CD8 ratio 
0.90 (0.72, 

1.18) 

0.84 (0.62, 

1.14) 

0.83 

(0.61, 

1.19) 

0.83 

(0.55, 

1.20) 

0.82 

(0.59, 

1.19) 

0.3 

Current exposure to 

INSTI 
25 (31%) 271 (21%) 

362 

(28%) 

424 

(48%) 

163 

(53%) 
<0.001 

Current exposure to PI 33 (41%) 583 (45%) 
506 

(40%) 

317 

(36%) 

115 

(38%) 
<0.001 

Cardiometabolic variables 

eGFR (mL/min/1,73 m²) 
98 (84, 

104) 

99 (86, 

105) 

94 (80, 

103) 

92 (78, 

103) 

92 (70, 

104) 
<0.001 

HOMA-IR 
1.20 (0.85, 

1.53) 

1.83 (1.15, 

2.95) 

2.69 

(1.69, 

4.37) 

2.73 

(1.65, 

4.52) 

3.10 

(1.90, 

5.73) 

<0.001 

HbA1c (mmol/mol) 
32 

(31, 35) 

33 

(31, 37) 

34 

(31, 38) 

36 

(32, 40) 

37 

(33, 42) 
<0.001 

LDLc (mg/dL) 
83 

(70, 91) 

119 

(98, 139) 

120 

(98, 143) 

110 

(84, 137) 

99 

(77, 126) 
<0.001 

Triglycerides (mg/dL) 
86 (62, 

112) 

115 (82, 

173) 

136 (95, 

198) 

127 (87, 

190) 

142 

(101, 

206) 

<0.001 

HDLc (mg/dL) 
56 

(43, 66) 

50 

(40, 60) 

46 

(38, 57) 

47 

(38, 57) 

43 

(36, 52) 
<0.001 

Total cholesterol (mg/dL) 
151 (134, 

165) 

191 (167, 

218) 

191 (167, 

221) 

180 

(151, 

212) 

168 

(136, 

204) 

<0.001 
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Dyslipidemia 42 (52%) 997 (77%) 
1,027 

(80%) 

749 

(84%) 

277 

(91%) 
<0.001 

Current exposure to 

atorvastatin 
6 (7.4%) 25 (1.9%) 69 (5.4%) 

108 

(12%) 
80 (26%) <0.001 

Current exposure to 

rosuvastatin 
5 (6.2%) 42 (3.3%) 81 (6.3%) 

137 

(15%) 
78 (26%) <0.001 

Ectopic fat and liver fibrosis 

VAT (DEXA) (cm²) 61 (44, 87) 
82 (58, 

111) 

149 (100, 

196) 

158 

(105, 

212) 

166 

(108, 

230) 

<0.001 

CAP score (dB/m) 
200 (178, 

224) 

209 (186, 

226) 

248 (221, 

280) 

245 (211, 

292) 

239 

(200, 

276) 

<0.001 

Liver fibrosis (kPa) 
4.90 (4.20, 

5.40) 

4.70 (4.00, 

5.70) 

5.20 

(4.10, 

6.10) 

5.90 

(4.70, 

8.20) 

6.00 

(4.70, 

7.90) 

<0.001 

 

 

Baseline characteristics differed significantly across the three calendar periods (3,880 

observations in Period 1, 2,344 in Period 2, and 2,101 in Period 3). Patients assessed more 

recently were older (median age 44 to 57 years) and showed greater adiposity (BMI 23.2 

to 24.9 kg/m², VAT 110 to 142 cm²). ART shifted markedly, with current INSTI use rising 

from 6.4 to 71.9% and PI use falling from 50.7 to 14.6%, while immunological status 

improved (current CD4 530 to 709 cells/µL). Lipid lowering therapy became more 

frequent, and the CKHM stage distribution shifted toward more advanced disease, with 

stage 3 increasing from 10.8 to 40.2% and stage 4 from 3.6 to 12.1% (Table 2). 
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Table 2. Baseline characteristics of the study population across three calendar periods. Baseline was 

defined as a patient's first visit within each period at which a CKHM stage could be calculated, so that a 

patient seen in more than one period contributes one observation to each. 

Median (Q1, Q3) or N (%) 

Period 1 

(2005-2015), 

N = 3,880 

Period 2 

(2016-2020), 

N = 2,344 

Period 3 

(2021-2025), 

N = 2,101 

p 

Demographics, anthropometrics and lifestyles 

Age (years) 
44.0 

(40.0, 48.0) 

52.0 

(47.0, 56.0) 

57.0 

(51.0, 62.0) 
<0.001 

Male sex 2,649 (68.3%) 1,729 (73.8%) 1,507 (71.7%) <0.001 

BMI (kg/m²) 23.2 (21.0, 25.6) 
24.0 (21.8, 

26.3) 
24.9 (22.4, 27.8) <0.001 

Waist-to-Height Ratio 

(WHtR) 
0.5 (0.5, 0.5) 0.5 (0.5, 0.6) 0.5 (0.5, 0.6) <0.001 

Physical 

activity 

Vigorous 0 (0.0%) 27 (1.2%) 198 (9.4%) 

<0.001 

Moderate 0 (0.0%) 213 (9.1%) 925 (44.0%) 

Smoking 

status 

Non-smoker 1,987 (51.2%) 1,480 (63.1%) 1,353 (64.4%) 

<0.001 

Moderate 

(≤10/day) 
653 (16.8%) 350 (14.9%) 350 (16.7%) 

Intense 

(>10/day) 
1,074 (27.7%) 425 (18.1%) 354 (16.8%) 

Other 166 (4.3%) 89 (3.8%) 44 (2.1%) 

Alcohol 

consumption 

Moderate 1,675 (43.2%) 725 (30.9%) 827 (39.4%) 
<0.001 

Intense 52 (1.3%) 33 (1.4%) 99 (4.7%) 

HIV-related variables 

HIV duration (years) 15.0 (9.3, 20.1) 
21.4 (12.9, 

27.3) 
25.5 (15.7, 32.5) <0.001 

Nadir CD4 cell count (c/µL) 
190.0 (80.0, 

292.0) 

205.0 (98.0, 

318.0) 

200.0 (70.0, 

316.0) 
<0.001 

Current CD4 cell count (c/µL) 
530.0 (378.0, 

712.5) 

707.0 (532.0, 

900.0) 

709.0 (533.0, 

928.0) 
<0.001 

CD4/CD8 ratio 0.7 (0.5, 1.0) 0.9 (0.6, 1.2) 1.0 (0.7, 1.3) <0.001 
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Current exposure to INSTI 249 (6.4%) 996 (42.5%) 1,511 (71.9%) <0.001 

Current exposure to PI 1,967 (50.7%) 875 (37.3%) 307 (14.6%) <0.001 

Cardiometabolic variables 

eGFR (mL/min/1,73 m²) 
98.0 (82.6, 

105.0) 

92.8 (79.9, 

103.1) 

92.8 (76.5, 

102.1) 
<0.001 

HOMA-IR 2.6 (1.6, 4.5) 2.1 (1.3, 3.2) 2.3 (1.5, 3.9) <0.001 

HbA1C (mmol/mol) 34.0 (31.2, 36.6) 
34.0 (31.0, 

38.0) 
35.0 (32.0, 38.0) <0.001 

LDLc (mg/dL) 
113.0 (90.0, 

140.0) 

112.0 (91.0, 

134.0) 

120.0 (97.0, 

142.0) 
<0.001 

Triglycerides (mg/dL) 
142.0 (97.0, 

212.5) 

118.0 (83.0, 

169.0) 

102.5 (76.0, 

144.0) 
<0.001 

HDLc (mg/dL) 44.0 (36.0, 55.0) 
48.0 (39.0, 

60.0) 
51.0 (43.0, 61.0) <0.001 

Total cholesterol (mg/dL) 
188.0 (158.0, 

221.0) 

186.0 (161.0, 

212.0) 

190.0 (160.0, 

218.0) 
0.041 

Dyslipidemia 3,121 (80.4%) 1,779 (75.9%) 1,685 (80.2%) <0.001 

Current exposure to 

atorvastatin 
68 (1.8%) 253 (10.8%) 366 (17.4%) <0.001 

Current exposure to 

rosuvastatin 
78 (2.0%) 201 (8.6%) 307 (14.6%) <0.001 

Ectopic fat 

VAT (DEXA) (cm²) 
110.0 (70.0, 

164.0) 

121.0 (77.0, 

174.0) 

142.0 (98.8, 

204.3) 
<0.001 

CKHM stage prevalence 

Stage 0 60 (1.7%) 47 (2.1%) 20 (1.0%) 

<0.001 

Stage 1 1,412 (40.4%) 671 (30.3%) 371 (18.3%) 

Stage 2 1,518 (43.5%) 650 (29.3%) 576 (28.4%) 

Stage 3 376 (10.8%) 603 (27.2%) 816 (40.2%) 

Stage 4 125 (3.6%) 245 (11.1%) 246 (12.1%) 
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Among the 981 patients with CKHM assessments across all three study periods, the 

prevalence of advanced CKHM stages (stages 3 and 4) was even more pronounced, 

reaching nearly 80% in Period 3. Longitudinal transitions demonstrated a progressive 

increase in the burden of CKHM stages 3 and 4 over time, characterized by frequent 

progression to more advanced stages and only limited regression to lower stages (Figure 

23). 

 

Figure 23. Alluvial plot showing transitions in 981 people with HIV (PWH) with available data in all 

three time periods. Within each period, the highest cardiovascular-kidney-hepatic-metabolic (CKHM) 

stage ever reached by the patient was considered. 

 

Regarding disease progression, male sex was independently associated with increased 

rates of transition from CKHM stage 1 to stage 2 (HR 1.44, 95% CI 1.23 to 1.68), from 

stage 1 to stage 3 (HR 1.53, 95% CI 1.22 to 1.91), and from stage 2 to stage 3 (HR 1.39, 

95% CI 1.17 to 1.65), while no significant sex effect was identified for transitions 

originating from stage 0 or for direct transitions to death. Higher physical activity was 

associated with a reduced rate of progression from stage 1 to stage 2 (HR 0.76, 95% CI 

0.66 to 0.88) but did not significantly influence other progressive transitions. Older age 

was associated with a marginally lower rate of progression from stage 1 to stage 2 (HR 
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0.98, 95% CI 0.97 to 1.00), yet consistently increased the rate of transition to stage 3 from 

both stage 1 and stage 2 (HR 1.09, 95% CI 1.07 to 1.10 for both) and the rate of transition 

to death across all stages in which it was included (HR 1.04, 95% CI 1.01 to 1.07). Longer 

duration of HIV infection was associated with accelerated progression to stage 3 in a dose 

dependent fashion: compared with short duration, medium duration (11 to 18 years) was 

associated with a 36% higher rate from stage 1 to stage 3 (HR 1.36, 95% CI 1.04 to 1.78) 

and a 27% higher rate from stage 2 to stage 3 (HR 1.27, 95% CI 1.07 to 1.50), while long 

duration (19 to 40 years) conferred substantially greater increases of 96% (HR 1.96, 95% 

CI 1.51 to 2.53) and 62% (HR 1.62, 95% CI 1.37 to 1.92) for the same transitions, 

respectively. HIV duration did not significantly influence transitions from stage 0 or direct 

transitions to death. Use of INSTIs, PIs, and statins was not significantly associated with 

any progressive transition (Table 3). 
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Regarding disease regression, male sex was associated with significantly lower rates of 

reversion from stage 2 to stage 1 (HR 0.69, 95% CI 0.58 to 0.81) and from stage 3 to 

stage 1 (HR 0.48, 95% CI 0.38 to 0.63), indicating that males were less likely to regress 

to lower CKHM stages than females. Higher physical activity was associated with 

increased regression rates from stage 1 to stage 0 (HR 1.48, 95% CI 1.06 to 2.06) and 

from stage 3 to stage 1 (HR 1.37, 95% CI 1.08 to 1.75), suggesting a beneficial role of 

physical activity in facilitating disease reversion. Older age consistently and significantly 

reduced regression rates across all transitions in which it was included, with hazard ratios 

ranging from 0.93 to 0.97 per year of age. Use of INSTIs was associated with a lower rate 

of regression from stage 2 to stage 1 (HR 0.61, 95% CI 0.49 to 0.76), while PI use was 

associated with reduced regression from stage 3 to stage 2 (HR 0.77, 95% CI 0.63 to 

0.94). HIV duration and statin use were not significantly associated with any regressive 

transition (Table 4). 

Table 4. Hazard ratios (95% confidence intervals) for regressive transitions across cardiovascular-

kidney-hepatic-metabolic (CKHM) stages, estimated from a multivariable continuous-time multi-state 

Markov model. Reference categories are female sex and short HIV duration (up to 10 years). Age is 

expressed in years at the time of each transition. A slash (/) indicates that the covariate was not retained 

for that transition following model selection. INSTI: integrase strand transfer inhibitor. PI: protease 

inhibitor. 

Transitions from Stage 1 Stage 2 Stage 3 

Regression 1-0 

transition 

2-1 transition 3-1 transition 3-2 transition 

Sex 1.00 

(0.72–1.39) 

0.69  

(0.58–0.81) 

0.48  

(0.38–0.63) 

0.95  

(0.75–1.21) 

Physical activity 1.48  

(1.06–2.06) 

1.08  

(0.93–1.25) 

1.37  

(1.08–1.75) 

1.00  

(0.82–1.21) 

Age / 0.93  

(0.92–0.94) 

0.94  

(0.93–0.96) 

0.97  

(0.96–0.99) 

HIV duration (11-18 years) / 1.11 

(0.93–1.33) 

0.92 

(0.68–1.26) 

/ 

HIV duration (19-40 years) / 1.17 

(0.96–1.41) 

0.76 

(0.56–1.04) 

/ 

INSTI use / 0.61  

(0.49–0.76) 

0.97  

(0.75–1.26) 

0.87  

(0.71–1.08) 

PI use / 1.00 

(0.86–1.16) 

1.18 

(0.92–1.51) 

0.77 

(0.63–0.94) 

Statin use / / / 0.87 

(0.68–1.11) 
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DISCUSSION 
 

In this large longitudinal cohort of people with HIV (PWH) followed for two decades, we 

observed a progressive shift toward more advanced stages of cardiovascular-kidney-

hepatic-metabolic (CKHM) syndrome, with stage 3 becoming the predominant disease 

state over time. Importantly, CKHM emerged as a dynamic rather than static condition, 

characterized by both progression and regression across stages. Older age, male sex, and 

longer HIV duration were independently associated with progression toward more 

advanced stages, whereas physical activity was associated with more favorable 

transitions. Taken together, these findings suggest that metabolic health in PWH evolves 

along measurable trajectories that may benefit from prevention strategies and lifestyle 

changes. 

The progressive increase in advanced CKHM stages likely reflects the ageing of the HIV 

population, as antiretroviral therapy (ART) successfully transformed HIV into a chronic 

condition (94,111,182). In the general population, recent large cohort studies indicate that 

advanced CKHM disease (stages 3–4) is relatively uncommon, with prevalence estimates 

typically around ~10-15% (130). In contrast, PWH show substantially higher burden and 

earlier progression: in our cohort, CKHM stage 3–4 prevalence was already 36% in 

Period 1 and increased to 63% in Period 3, likely reflecting longer duration of HIV 

infection, chronic inflammation, and cumulative cardiometabolic and renal risk exposure. 

Conversely, CKHM stage 0 remained exceedingly uncommon throughout the study 

(<1%), underscoring how complete cardiometabolic health is rarely observed among 

PWH referred to MHMC. This finding may also be partially explained by our 

methodological approach, which classified individuals according to the highest CKHM 

stage reached during the observation period. Low prevalence of CKHM stage 0 is also 

observed in the general population; however, it is consistently higher than in our cohort, 

with population-based studies reporting approximately 8-12% of individuals classified as 

stage 0 (130). 

In order to better characterize CKHM, we expanded the original American Heart 

Association (AHA) CKM framework by incorporating liver involvement as a relevant 
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component of disease staging. This adaptation reflects the growing recognition that 

MASLD and liver fibrosis are central manifestations of systemic metabolic dysfunction 

and contribute to cardiovascular and kidney risk through shared mechanisms including 

insulin resistance, chronic inflammation, and ectopic fat accumulation (63,114). In PWH, 

where hepatic steatosis and fibrosis frequently coexist with visceral adiposity and 

metabolic dysfunction, inclusion of the hepatic domain may provide a more 

comprehensive representation of multiorgan risk. Additionally, the CKHM construct is 

inherently flexible and can be adapted according to the diagnostic resources available 

across different clinical settings and time periods. For example, stage 3 was defined using 

either direct assessment of subclinical cardiovascular disease, when available, or 

validated clinical algorithms when advanced diagnostic testing was not available. 

Therefore, the goal is not strict uniformity of criteria across centers, but preservation of 

the CKHM conceptual framework while tailoring its operationalization to local resources 

and practice (63). 

Our findings further support the value of the CKHM framework as an integrated approach 

to cardiometabolic risk assessment that extends beyond the evaluation of individual 

comorbidities. Rather than relying on a dichotomous “yes/no” classification of single 

diseases, CKHM captures the natural history of disease, including dynamic transitions 

and longitudinal trajectories of cardiometabolic health (63,101). This multidimensional 

perspective is particularly relevant in the context of HIV care, where cardiometabolic 

disorders frequently coexist and interact through shared pathophysiological mechanisms. 

In this setting, the CKHM framework may therefore provide a more comprehensive and 

clinically meaningful tool for risk stratification and longitudinal patient management in 

PWH (102), while also supporting a shift from disease-centered approaches toward a 

more integrated, person-centered assessment of multiorgan health trajectories. 

Male sex was associated with progression toward more advanced stages and with a lower 

probability of favorable transitions. Although the mechanisms underlying this association 

remain uncertain, sex-related differences in visceral adiposity, insulin sensitivity, 

cardiovascular risk, and hormonal regulation may contribute to distinct CKHM 

trajectories (183). 



76 
 

Among potentially modifiable factors, physical activity demonstrated the most consistent 

association with favorable CKHM trajectories. Individuals reporting regular physical 

activity were less likely to progress and more likely to experience favorable transitions. 

Although causal inference is not possible in an observational study, these findings are 

biologically plausible given the well-established effects of exercise on body composition, 

insulin sensitivity, blood pressure, inflammation, and cardiovascular risk (184). 

Importantly, they suggest that at least part of CKHM progression may be modifiable and 

support the incorporation of lifestyle interventions within long-term HIV care. 

Longer HIV duration was independently associated with progression across multiple 

transitions, suggesting that cumulative exposure to HIV-related biological processes 

contributes to the evolution of multiorgan dysfunction. Previous studies have shown that 

prolonged HIV infection is associated with greater multimorbidity, frailty, metabolic 

dysfunction, and cardiovascular disease despite virological suppression (87,185). Our 

findings extend these observations by indicating that HIV duration may influence the 

trajectory through which CKHM evolves over time. 

The role of ART deserves careful interpretation. After adjustment for demographic, 

behavioral, and other HIV-related factors, we found limited evidence that antiretroviral 

classes independently drove CKHM progression. These findings suggest that the 

evolution of CKHM syndrome is largely determined by the interaction of ageing, 

lifestyle, HIV duration, and baseline metabolic risk rather than antiretroviral exposure 

alone. However, in the Markov models, exposure to INSTI and PI was associated with 

lower probability of regression, probably reflecting the fact that INSTI regimens have 

often been used as a switch strategy to address cardiometabolic adverse effects associated 

with PI. As a result, a more cardiometabolically vulnerable population with a longer time 

since HIV diagnosis has been switched to INSTI-based regimens over the past decade. 

Moreover, future research should move beyond the traditional paradigm of antiretroviral 

toxicity. Effective treatment may modify biological ageing trajectories through sustained 

viral suppression, reduction of immune activation, and attenuation of chronic 

inflammation (94,186). Integrating biomarkers of immune recovery, inflammation, 

metabolomics, and epigenetic ageing within the CKHM framework may provide new 

insights into how HIV treatment influences long-term cardiometabolic health. 
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More broadly, CKHM progression can be interpreted within a geroscience framework, as 

it reflects the cumulative impact of biological aging processes; in PWH, chronic immune 

activation and inflammaging may accelerate these mechanisms, leading to earlier onset 

of multimorbidity and frailty (94,112). Within this perspective, proactive interventions 

aimed at identifying and addressing cardiometabolic risk early in the disease course may 

play a key role in modifying these trajectories. Accordingly, strategies designed to prevent 

CKHM progression may not only reduce cardiometabolic risk but also contribute to 

slowing biological aging and delaying the development of future frailty (140). 

This study has several strengths, including a large and well-characterized HIV cohort, 

nearly two decades of follow-up, repeated clinical assessments, and the application of 

multistate modelling to characterize disease trajectories over time. In addition, it provides 

specific insights into CKHM progression in PWH, a population that remains relatively 

underrepresented and insufficiently characterized within the current CKHM literature 

(102). 

However, the present work has also several limitations that should be acknowledged. 

First, its single-center observational design precludes causal inference and may limit the 

generalizability of the findings to other settings and populations. Second, the adaptation 

of the original CKM framework to a CKHM model may influence transition estimates. 

Moreover, the different ART classes do not capture cumulative exposure, treatment 

sequencing, or causal effects, thereby limiting the ability to infer pharmacological impacts 

on CKHM progression. Similarly, physical activity should be interpreted cautiously, as it 

may reflect overall better health status, lower frailty, or greater engagement in care rather 

than an isolated protective intervention (187). The inclusion of patients observed across 

all three study periods may also introduce survivor and follow-up bias, as these 

individuals likely represent a selected subgroup with better longitudinal retention and 

survival. Finally, the operational definition of irreversibility for conditions such as 

diabetes, hypertension, and CKD within the CKHM framework is primarily 

methodological and reflects modeling choices rather than true biological irreversibility, 

since in clinical practice these conditions may improve or remit with appropriate 

interventions and disease course variability. 
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Future research should focus on defining pragmatic and scalable criteria for the broader 

clinical implementation of the CKHM framework, particularly in resource-limited 

settings where access to advanced diagnostic tools may be restricted. Further studies are 

needed also to explore the potential for CKHM improvement or partial regression within 

stages, especially among individuals with well-controlled or early-stage organ damage, 

in order to better characterize the reversibility of cardiometabolic trajectories over time. 

In addition, the role of widely used and emerging pharmacological therapies, including 

metformin, statins, mineralocorticoid receptor antagonists, GLP-1 receptor agonists, and 

SGLT2 inhibitors, should be systematically investigated for their potential to promote 

CKHM regression and modify disease progression (63). Future investigations should also 

aim to identify additional clinical, biological, and behavioral predictors of CKHM 

progression and regression, as well as to evaluate the long-term cardiovascular and 

metabolic outcomes associated with early and proactive intervention strategies. 
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CONCLUSIONS 
 

CKHM syndrome in PWH is characterized by dynamic and predominantly progressive 

trajectories rather than a static accumulation of comorbidities. Older age, male sex, and 

longer HIV duration were associated with progression toward more advanced stages, 

whereas physical activity was associated with more favorable transitions, highlighting the 

potential influence of modifiable factors on disease evolution. By integrating 

cardiovascular, kidney, hepatic, and metabolic domains within a single longitudinal 

framework, CKHM staging may provide a clinically useful approach for identifying 

individuals at risk of adverse health trajectories before the onset of overt cardiovascular 

disease and for evaluating interventions aimed at promoting healthy ageing in PWH. In 

this context, early and integrated cardiometabolic management, together with lifestyle 

interventions such as physical activity, may help slow or partially reverse selected 

transitions. Overall, the CKHM framework offers a comprehensive model for HIV care 

that shifts the focus from the management of isolated comorbidities toward multiorgan 

prevention, long-term risk reduction, and the promotion of healthy ageing. 

  



80 
 

REFERENCES 
 

1. Mocroft A, Youle M, Morcinek J, Sabin CA, Gazzard B, Johnson MA, et al. Survival 

after diagnosis of AIDS: a prospective observational study of 2625 patients. Royal 

Free/Chelsea and Westminster Hospitals Collaborative Group. BMJ. 1997 Feb 

8;314(7078):409–13. doi:10.1136/bmj.314.7078.409 PubMed PMID: 9040386; 

PubMed Central PMCID: PMC2125908. 

2. Time from HIV-1 seroconversion to AIDS and death before widespread use of highly-

active antiretroviral therapy: a collaborative re-analysis. Collaborative Group on 

AIDS Incubation and HIV Survival including the CASCADE EU Concerted Action. 

Concerted Action on SeroConversion to AIDS and Death in Europe. Lancet. 2000 

Apr 1;355(9210):1131–7. PubMed PMID: 10791375. 

3. Merson MH, O’Malley J, Serwadda D, Apisuk C. The history and challenge of HIV 

prevention. Lancet. 2008 Aug 9;372(9637):475–88. doi:10.1016/S0140-

6736(08)60884-3 PubMed PMID: 18687461. 

4. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and 

regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a 

systematic analysis for the Global Burden of Disease Study 2010. The Lancet. 2012 

Dec 15;380(9859):2095–128. doi:10.1016/S0140-6736(12)61728-0 PubMed PMID: 

23245604. 

5. Ghosn J, Taiwo B, Seedat S, Autran B, Katlama C. HIV. Lancet. 2018 Aug 

25;392(10148):685–97. doi:10.1016/S0140-6736(18)31311-4 PubMed PMID: 

30049419. 

6. Palella FJ, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA, et al. 

Declining morbidity and mortality among patients with advanced human 

immunodeficiency virus infection. HIV Outpatient Study Investigators. N Engl J 

Med. 1998 Mar 26;338(13):853–60. doi:10.1056/NEJM199803263381301 PubMed 

PMID: 9516219. 



81 
 

7. GBD 2017 HIV collaborators. Global, regional, and national incidence, prevalence, 

and mortality of HIV, 1980-2017, and forecasts to 2030, for 195 countries and 

territories: a systematic analysis for the Global Burden of Diseases, Injuries, and Risk 

Factors Study 2017. Lancet HIV. 2019 Dec;6(12):e831–59. doi:10.1016/S2352-

3018(19)30196-1 PubMed PMID: 31439534; PubMed Central PMCID: 

PMC6934077. 

8. Hammer SM, Katzenstein DA, Hughes MD, Gundacker H, Schooley RT, Haubrich 

RH, et al. A trial comparing nucleoside monotherapy with combination therapy in 

HIV-infected adults with CD4 cell counts from 200 to 500 per cubic millimeter. AIDS 

Clinical Trials Group Study 175 Study Team. N Engl J Med. 1996 Oct 

10;335(15):1081–90. doi:10.1056/NEJM199610103351501 PubMed PMID: 

8813038. 

9. Antiretroviral Therapy Cohort Collaboration. Life expectancy of individuals on 

combination antiretroviral therapy in high-income countries: a collaborative analysis 

of 14 cohort studies. Lancet. 2008 Jul 26;372(9635):293–9. doi:10.1016/S0140-

6736(08)61113-7 PubMed PMID: 18657708; PubMed Central PMCID: 

PMC3130543. 

10. Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K, et al. Closing the 

gap: increases in life expectancy among treated HIV-positive individuals in the 

United States and Canada. PLoS One. 2013;8(12):e81355. 

doi:10.1371/journal.pone.0081355 PubMed PMID: 24367482; PubMed Central 

PMCID: PMC3867319. 

11. Piacenti FJ. An update and review of antiretroviral therapy. Pharmacotherapy. 2006 

Aug;26(8):1111–33. doi:10.1592/phco.26.8.1111 PubMed PMID: 16863488. 

12. GBD 2021 HIV Collaborators. Global, regional, and national burden of HIV/AIDS, 

1990-2021, and forecasts to 2050, for 204 countries and territories: the Global Burden 

of Disease Study 2021. Lancet HIV. 2024 Dec;11(12):e807–22. doi:10.1016/S2352-

3018(24)00212-1 PubMed PMID: 39608393; PubMed Central PMCID: 

PMC11612058. 



82 
 

13. Saag MS. HIV Infection — Screening, Diagnosis, and Treatment. New England 

Journal of Medicine. 2021 Jun 2;384(22):2131–43. doi:10.1056/NEJMcp1915826 

14. Cahn P, Madero JS, Arribas JR, Antinori A, Ortiz R, Clarke AE, et al. Dolutegravir 

plus lamivudine versus dolutegravir plus tenofovir disoproxil fumarate and 

emtricitabine in antiretroviral-naive adults with HIV-1 infection (GEMINI-1 and 

GEMINI-2): week 48 results from two multicentre, double-blind, randomised, non-

inferiority, phase 3 trials. Lancet. 2019 Jan 12;393(10167):143–55. 

doi:10.1016/S0140-6736(18)32462-0 PubMed PMID: 30420123. 

15. Overton ET, Richmond G, Rizzardini G, Jaeger H, Orrell C, Nagimova F, et al. Long-

acting cabotegravir and rilpivirine dosed every 2 months in adults with HIV-1 

infection (ATLAS-2M), 48-week results: a randomised, multicentre, open-label, 

phase 3b, non-inferiority study. Lancet. 2021 Dec 19;396(10267):1994–2005. 

doi:10.1016/S0140-6736(20)32666-0 PubMed PMID: 33308425. 

16. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use 

of Antiretroviral Agents in Adults and Adolescents with HIV [Internet]. Department 

of Health and Human Services; 2024 Sep [cited 2026 May 6]. Available from: 

https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-

adolescent-arv/whats-new 

17. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, 

et al. Antiretroviral Therapy for the Prevention of HIV-1 Transmission. N Engl J Med. 

2016 Sep 1;375(9):830–9. doi:10.1056/NEJMoa1600693 PubMed PMID: 27424812; 

PubMed Central PMCID: PMC5049503. 

18. Rodger AJ, Cambiano V, Bruun T, Vernazza P, Collins S, Degen O, et al. Risk of HIV 

transmission through condomless sex in serodifferent gay couples with the HIV-

positive partner taking suppressive antiretroviral therapy (PARTNER): final results 

of a multicentre, prospective, observational study. Lancet. 2019 Jun 

15;393(10189):2428–38. doi:10.1016/S0140-6736(19)30418-0 PubMed PMID: 

31056293; PubMed Central PMCID: PMC6584382. 



83 
 

19. Trickey A, Sabin CA, Burkholder G, Crane H, d’Arminio Monforte A, Egger M, et 

al. Life expectancy after 2015 of adults with HIV on long-term antiretroviral therapy 

in Europe and North America: a collaborative analysis of cohort studies. Lancet HIV. 

2023 May;10(5):e295–307. doi:10.1016/S2352-3018(23)00028-0 PubMed PMID: 

36958365; PubMed Central PMCID: PMC10288029. 

20. Autenrieth CS, Beck EJ, Stelzle D, Mallouris C, Mahy M, Ghys P. Global and 

regional trends of people living with HIV aged 50 and over: Estimates and projections 

for 2000-2020. PLoS One. 2018;13(11):e0207005. 

doi:10.1371/journal.pone.0207005 PubMed PMID: 30496302; PubMed Central 

PMCID: PMC6264840. 

21. Marcus JL, Leyden WA, Alexeeff SE, Anderson AN, Hechter RC, Hu H, et al. 

Comparison of Overall and Comorbidity-Free Life Expectancy Between Insured 

Adults With and Without HIV Infection, 2000-2016. JAMA Netw Open. 2020 Jun 

15;3(6):e207954. doi:10.1001/jamanetworkopen.2020.7954 

22. Gooden TE, Wang J, Zemedikun DT, Taylor S, Greenfield S, Manaseki-Holland S, et 

al. A matched cohort study investigating premature, accentuated, and accelerated 

aging in people living with HIV. HIV Med. 2023 May;24(5):640–7. 

doi:10.1111/hiv.13375 PubMed PMID: 35934808. 

23. Guaraldi G, Orlando G, Zona S, Menozzi M, Carli F, Garlassi E, et al. Premature age-

related comorbidities among HIV-infected persons compared with the general 

population. Clin Infect Dis. 2011 Dec;53(11):1120–6. doi:10.1093/cid/cir627 

PubMed PMID: 21998278. 

24. Althoff KN, Stewart C, Humes E, Gerace L, Boyd C, Gebo K, et al. The forecasted 

prevalence of comorbidities and multimorbidity in people with HIV in the United 

States through the year 2030: A modeling study. PLoS Med. 2024 

Jan;21(1):e1004325. doi:10.1371/journal.pmed.1004325 PubMed PMID: 38215160; 

PubMed Central PMCID: PMC10833859. 



84 
 

25. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty 

in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001 

Mar;56(3):M146-156. doi:10.1093/gerona/56.3.m146 PubMed PMID: 11253156. 

26. Grinspoon SK, Fitch KV, Zanni MV, Fichtenbaum CJ, Umbleja T, Aberg JA, et al. 

Pitavastatin to Prevent Cardiovascular Disease in HIV Infection. New England 

Journal of Medicine. 2023 Aug 23;389(8):687–99. doi:10.1056/NEJMoa2304146 

27. Horberg M, Thompson M, Agwu A, Colasanti J, Haddad M, Jain M, et al. Primary 

Care Guidance for Providers Who Care for Persons With Human Immunodeficiency 

Virus: 2024 Update by the HIV Medicine Association of the Infectious Diseases 

Society of America. Clin Infect Dis. 2024 Oct 12;ciae479. doi:10.1093/cid/ciae479 

28. Feinstein MJ, Hsue PY, Benjamin L, Bloomfield GS, Currier JS, Freiberg MS, et al. 

Characteristics, Prevention, and Management of Cardiovascular Disease in People 

Living With HIV: A Scientific Statement From the American Heart Association. 

Circulation. 2019 Jul 9;140(2):e98–124. doi:10.1161/CIR.0000000000000695 

PubMed PMID: 31154814; PubMed Central PMCID: PMC7993364. 

29. Lagathu C, Béréziat V, Gorwood J, Fellahi S, Bastard JP, Vigouroux C, et al. 

Metabolic complications affecting adipose tissue, lipid and glucose metabolism 

associated with HIV antiretroviral treatment. Expert Opin Drug Saf. 2019 

Sep;18(9):829–40. doi:10.1080/14740338.2019.1644317 PubMed PMID: 31304808. 

30. Ahmed D, Roy D, Cassol E. Examining Relationships between Metabolism and 

Persistent Inflammation in HIV Patients on Antiretroviral Therapy. Mediators of 

Inflammation. 2018;2018(1):6238978. doi:10.1155/2018/6238978 

31. Zicari S, Sessa L, Cotugno N, Ruggiero A, Morrocchi E, Concato C, et al. Immune 

Activation, Inflammation, and Non-AIDS Co-Morbidities in HIV-Infected Patients 

under Long-Term ART. Viruses. 2019 Feb 27;11(3):200. doi:10.3390/v11030200 

PubMed PMID: 30818749; PubMed Central PMCID: PMC6466530. 

32. Perakakis N, Harb H, Hale BG, Varga Z, Steenblock C, Kanczkowski W, et al. 

Mechanisms and clinical relevance of the bidirectional relationship of viral infections 



85 
 

with metabolic diseases. Lancet Diabetes Endocrinol. 2023 Sep;11(9):675–93. 

doi:10.1016/S2213-8587(23)00154-7 PubMed PMID: 37524103. 

33. Grinspoon S, Mulligan K, Department of Health and Human Services Working Group 

on the Prevention and Treatment of Wasting and Weight Loss. Weight loss and 

wasting in patients infected with human immunodeficiency virus. Clin Infect Dis. 

2003 Apr 1;36(Suppl 2):S69-78. doi:10.1086/367561 PubMed PMID: 12652374. 

34. Gandhi RT, Bedimo R, Hoy JF, Landovitz RJ, Smith DM, Eaton EF, et al. 

Antiretroviral Drugs for Treatment and Prevention of HIV Infection in Adults: 2022 

Recommendations of the International Antiviral Society–USA Panel. JAMA. 2023 

Jan 3;329(1):63–84. doi:10.1001/jama.2022.22246 

35. Lam JO, Leyden WA, Alexeeff S, Lea AN, Hechter RC, Hu H, et al. Changes in Body 

Mass Index Over Time in People With and Without HIV Infection. Open Forum Infect 

Dis. 2024 Feb;11(2):ofad611. doi:10.1093/ofid/ofad611 PubMed PMID: 38323078; 

PubMed Central PMCID: PMC10846771. 

36. Venter WDF, Moorhouse M, Sokhela S, Fairlie L, Mashabane N, Masenya M, et al. 

Dolutegravir plus Two Different Prodrugs of Tenofovir to Treat HIV. New England 

Journal of Medicine. 2019 Aug 29;381(9):803–15. doi:10.1056/NEJMoa1902824 

37. Sokhela S, Venter WDF, Bosch B, Woods J, McCann K, Akpomiemie G, et al. Final 

192-Week Efficacy and Safety Results of the ADVANCE Trial, Comparing 3 First-

line Antiretroviral Regimens. Open Forum Infect Dis. 2024 Mar;11(3):ofae007. 

doi:10.1093/ofid/ofae007 PubMed PMID: 38529213; PubMed Central PMCID: 

PMC10962246. 

38. Gandhi RT, Landovitz RJ, Sax PE, Smith DM, Springer SA, Günthard HF, et al. 

Antiretroviral Drugs for Treatment and Prevention of HIV in Adults: 2024 

Recommendations of the International Antiviral Society–USA Panel. JAMA. 2025 

Feb 18;333(7):609–28. doi:10.1001/jama.2024.24543 

39. Morse CG, Kovacs JA. Metabolic and Skeletal Complications of HIV InfectionThe 

Price of Success. JAMA. 2006 Aug 16;296(7):844–54. doi:10.1001/jama.296.7.844 



86 
 

40. de Waal R, Cohen K, Maartens G. Systematic review of antiretroviral-associated 

lipodystrophy: lipoatrophy, but not central fat gain, is an antiretroviral adverse drug 

reaction. PLoS One. 2013;8(5):e63623. doi:10.1371/journal.pone.0063623 PubMed 

PMID: 23723990; PubMed Central PMCID: PMC3665842. 

41. Koethe JR, Lagathu C, Lake JE, Domingo P, Calmy A, Falutz J, et al. HIV and 

antiretroviral therapy-related fat alterations. Nat Rev Dis Primers. 2020 Jun 

18;6(1):48. doi:10.1038/s41572-020-0181-1 PubMed PMID: 32555389. 

42. Ramirez Bustamante CE, Agarwal N, Cox AR, Hartig SM, Lake JE, 

Balasubramanyam A. Adipose Tissue Dysfunction and Energy Balance Paradigms in 

People Living With HIV. Endocr Rev. 2024 Mar 4;45(2):190–209. 

doi:10.1210/endrev/bnad028 PubMed PMID: 37556371; PubMed Central PMCID: 

PMC10911955. 

43. Lake JE, Currier JS. Metabolic disease in HIV infection. Lancet Infect Dis. 2013 

Nov;13(11):964–75. doi:10.1016/S1473-3099(13)70271-8 PubMed PMID: 

24156897. 

44. Godfrey C, Bremer A, Alba D, Apovian C, Koethe JR, Koliwad S, et al. Obesity and 

Fat Metabolism in Human Immunodeficiency Virus-Infected Individuals: 

Immunopathogenic Mechanisms and Clinical Implications. J Infect Dis. 2019 Jul 

2;220(3):420–31. doi:10.1093/infdis/jiz118 PubMed PMID: 30893434; PubMed 

Central PMCID: PMC6941618. 

45. Bourgeois C, Gorwood J, Olivo A, Le Pelletier L, Capeau J, Lambotte O, et al. 

Contribution of Adipose Tissue to the Chronic Immune Activation and Inflammation 

Associated With HIV Infection and Its Treatment. Front Immunol. 2021;12:670566. 

doi:10.3389/fimmu.2021.670566 PubMed PMID: 34220817; PubMed Central 

PMCID: PMC8250865. 

46. 2. Diagnosis and Classification of Diabetes: Standards of Care in Diabetes—2026. 

Diabetes Care. 2025 Dec 8;49(Suppl 1):S27–49. doi:10.2337/dc26-S002 PubMed 

PMID: 41358893; PubMed Central PMCID: PMC12690183. 



87 
 

47. Maandi SC, Maandi MT, Patel A, Manville RW, Mabley JG. Divergent effects of HIV 

reverse transcriptase inhibitors on pancreatic beta-cell function and survival: 

Potential role of oxidative stress and mitochondrial dysfunction. Life Sci. 2022 Apr 

1;294:120329. doi:10.1016/j.lfs.2022.120329 PubMed PMID: 35090905. 

48. Trachunthong D, Tipayamongkholgul M, Chumseng S, Darasawang W, 

Bundhamcharoen K. Burden of metabolic syndrome in the global adult HIV-infected 

population: a systematic review and meta-analysis. BMC Public Health. 2024 Sep 

28;24(1):2657. doi:10.1186/s12889-024-20118-3 PubMed PMID: 39342258; 

PubMed Central PMCID: PMC11438355. 

49. Kalra DK, Vorla M, Michos ED, Agarwala A, Virani S, Duell PB, et al. Dyslipidemia 

in Human Immunodeficiency Virus Disease: JACC Review Topic of the Week. J Am 

Coll Cardiol. 2023 Jul 11;82(2):171–81. doi:10.1016/j.jacc.2023.04.050 PubMed 

PMID: 37407116. 

50. Shah ASV, Stelzle D, Lee KK, Beck EJ, Alam S, Clifford S, et al. Global Burden of 

Atherosclerotic Cardiovascular Disease in People Living With HIV: Systematic 

Review and Meta-Analysis. Circulation. 2018 Sep 11;138(11):1100–12. 

doi:10.1161/CIRCULATIONAHA.117.033369 PubMed PMID: 29967196; PubMed 

Central PMCID: PMC6221183. 

51. Perkins MV, Joseph SB, Dittmer DP, Mackman N. Cardiovascular Disease and 

Thrombosis in HIV Infection. Arterioscler Thromb Vasc Biol. 2023 Feb;43(2):175–

91. doi:10.1161/ATVBAHA.122.318232 PubMed PMID: 36453273; PubMed 

Central PMCID: PMC10165851. 

52. Kearns A, Gordon J, Burdo TH, Qin X. HIV-1-Associated Atherosclerosis: 

Unraveling the Missing Link. J Am Coll Cardiol. 2017 Jun 27;69(25):3084–98. 

doi:10.1016/j.jacc.2017.05.012 PubMed PMID: 28641798; PubMed Central PMCID: 

PMC5512584. 

53. Hanna DB, Ramaswamy C, Kaplan RC, Kizer JR, Daskalakis D, Anastos K, et al. 

Sex- and Poverty-Specific Patterns in Cardiovascular Disease Mortality Associated 

With Human Immunodeficiency Virus, New York City, 2007-2017. Clin Infect Dis. 



88 
 

2020 Jul 27;71(3):491–8. doi:10.1093/cid/ciz852 PubMed PMID: 31504325; 

PubMed Central PMCID: PMC7384322. 

54. Trickey A, McGinnis K, Gill MJ, Abgrall S, Berenguer J, Wyen C, et al. Longitudinal 

trends in causes of death among adults with HIV on antiretroviral therapy in Europe 

and North America from 1996 to 2020: a collaboration of cohort studies. Lancet HIV. 

2024 Mar;11(3):e176–85. doi:10.1016/S2352-3018(23)00272-2 PubMed PMID: 

38280393; PubMed Central PMCID: PMC11656032. 

55. Vachiat A, McCutcheon K, Tsabedze N, Zachariah D, Manga P. HIV and Ischemic 

Heart Disease. J Am Coll Cardiol. 2017 Jan 3;69(1):73–82. 

doi:10.1016/j.jacc.2016.09.979 PubMed PMID: 28057253. 

56. Lucas GM, Ross MJ, Stock PG, Shlipak MG, Wyatt CM, Gupta SK, et al. Clinical 

Practice Guideline for the Management of Chronic Kidney Disease in Patients 

Infected With HIV: 2014 Update by the HIV Medicine Association of the Infectious 

Diseases Society of America. Clinical Infectious Diseases: An Official Publication of 

the Infectious Diseases Society of America. 2014 Sep 17;59(9):e96. 

doi:10.1093/cid/ciu617 PubMed PMID: 25234519. 

57. H G, J Z, X Y, S C, R M, S W, et al. The incidence and dynamic risk factors of chronic 

kidney disease among people with HIV. AIDS (London, England). 2023 Jan 

10;37(12). doi:10.1097/QAD.0000000000003662 PubMed PMID: 37467049. 

58. Cohen SD, Kopp JB, Kimmel PL. Kidney Diseases Associated with Human 

Immunodeficiency Virus Infection. New England Journal of Medicine. 2017 Dec 

14;377(24):2363–74. doi:10.1056/NEJMra1508467 

59. Fisher MC, Wyatt CM, Estrella MM. HIV-associated kidney diseases: progress, gaps, 

and future directions. Clin Microbiol Rev. 2026 Mar 12;39(1):e0020725. 

doi:10.1128/cmr.00207-25 PubMed PMID: 41294345; PubMed Central PMCID: 

PMC12981147. 



89 
 

60. Diana NE, Naicker S. The changing landscape of HIV-associated kidney disease. Nat 

Rev Nephrol. 2024 May;20(5):330–46. doi:10.1038/s41581-023-00801-1 PubMed 

PMID: 38273026. 

61. Kooij KW, Vogt L, Wit FWNM, van der Valk M, van Zoest RA, Goorhuis A, et al. 

Higher Prevalence and Faster Progression of Chronic Kidney Disease in Human 

Immunodeficiency Virus-Infected Middle-Aged Individuals Compared With Human 

Immunodeficiency Virus-Uninfected Controls. J Infect Dis. 2017 Sep 15;216(6):622–

31. doi:10.1093/infdis/jix202 PubMed PMID: 28934420. 

62. Shelton BA, Sawinski D, MacLennan PA, Lee W, Wyatt C, Nadkarni G, et al. 

Associations between female birth sex and risk of chronic kidney disease 

development among people with HIV in the USA: A longitudinal, multicentre, cohort 

study. EClinicalMedicine. 2022 Nov;53:101653. doi:10.1016/j.eclinm.2022.101653 

PubMed PMID: 36159042; PubMed Central PMCID: PMC9489495. 

63. Ndumele CE, Neeland IJ, Tuttle KR, Chow SL, Mathew RO, Khan SS, et al. A 

Synopsis of the Evidence for the Science and Clinical Management of 

Cardiovascular-Kidney-Metabolic (CKM) Syndrome: A Scientific Statement From 

the American Heart Association. Circulation. 2023 Nov 14;148(20):1636–64. 

doi:10.1161/CIR.0000000000001186 

64. Li G, Wong VWS, Chan RSM, Sin DMC, Chu W, Wong V, et al. Lifestyle 

modification programme for people living with HIV with metabolic dysfunction-

associated steatotic liver disease: a randomised controlled trial. Lancet HIV. 2025 

Jun;12(6):e416–27. doi:10.1016/S2352-3018(25)00032-3 PubMed PMID: 

40347962. 

65. Kalligeros M, Vassilopoulos A, Shehadeh F, Vassilopoulos S, Lazaridou I, Mylonakis 

E, et al. Prevalence and Characteristics of Nonalcoholic Fatty Liver Disease and 

Fibrosis in People Living With HIV Monoinfection: A Systematic Review and Meta-

analysis. Clin Gastroenterol Hepatol. 2023 Jul;21(7):1708–22. 

doi:10.1016/j.cgh.2023.01.001 PubMed PMID: 36642292. 



90 
 

66. Koenig AB, Tan A, Abdelaal H, Monge F, Younossi ZM, Goodman ZD. Review 

article: Hepatic steatosis and its associations with acute and chronic liver diseases. 

Alimentary Pharmacology & Therapeutics. 2024;60(2):167–200. 

doi:10.1111/apt.18059 

67. Wegermann K, Moylan C, Naggie S. Fatty Liver Disease: Enter the Metabolic Era. 

Current HIV/AIDS Reports. 2023 Oct 26;20. doi:10.1007/s11904-023-00669-7 

68. Yuan R, Yan Y, Deng L, Li F, Chen Q, Gui X, et al. Risk factors of metabolic 

dysfunction-associated fatty liver disease in people with HIV receiving antiretroviral 

therapy. AIDS. 2026 May 1;40(5):558–66. doi:10.1097/QAD.0000000000004419 

PubMed PMID: 41329363. 

69. Lee SS, Lui GCY. Editorial: Enhancing targeted screening of people living with HIV 

for liver fibrosis. Alimentary Pharmacology & Therapeutics. 2024;60(10):1453–4. 

doi:10.1111/apt.18273 

70. Horn M, Gumede N, Gamede M. The pathogenesis of metabolic dysfunction-

associated steatotic liver disease and nucleoside reverse transcriptase inhibitors 

(NRTIs) -based HIV-antiretroviral regimens: A comprehensive narrative review. 

Biomed Pharmacother. 2025 Nov;192:118633. doi:10.1016/j.biopha.2025.118633 

PubMed PMID: 41061582. 

71. Couturier J, Lewis DE. HIV Persistence in Adipose Tissue Reservoirs. Curr 

HIV/AIDS Rep. 2018 Feb;15(1):60–71. doi:10.1007/s11904-018-0378-z PubMed 

PMID: 29423731; PubMed Central PMCID: PMC5876154. 

72. Damouche A, Lazure T, Avettand-Fènoël V, Huot N, Dejucq-Rainsford N, Satie AP, 

et al. Adipose Tissue Is a Neglected Viral Reservoir and an Inflammatory Site during 

Chronic HIV and SIV Infection. PLoS Pathog. 2015 Sep;11(9):e1005153. 

doi:10.1371/journal.ppat.1005153 PubMed PMID: 26402858; PubMed Central 

PMCID: PMC4581628. 



91 
 

73. Maartens G, Celum C, Lewin SR. HIV infection: epidemiology, pathogenesis, 

treatment, and prevention. Lancet. 2014 Jul 19;384(9939):258–71. 

doi:10.1016/S0140-6736(14)60164-1 PubMed PMID: 24907868. 

74. Sáez-Cirión A, Sereti I. Immunometabolism and HIV-1 pathogenesis: food for 

thought. Nat Rev Immunol. 2021 Jan;21(1):5–19. doi:10.1038/s41577-020-0381-7 

PubMed PMID: 32764670. 

75. Palmer CS, Palchaudhuri R, Albargy H, Abdel-Mohsen M, Crowe SM. Exploiting 

immune cell metabolic machinery for functional HIV cure and the prevention of 

inflammaging. F1000Res. 2018;7:125. doi:10.12688/f1000research.11881.1 PubMed 

PMID: 29445452; PubMed Central PMCID: PMC5791007. 

76. Barbaro G, Fisher SD, Lipshultz SE. Pathogenesis of HIV-associated cardiovascular 

complications. Lancet Infect Dis. 2001 Sep;1(2):115–24. doi:10.1016/S1473-

3099(01)00067-6 PubMed PMID: 11871462. 

77. Bourgi K, Bian A, Boyd L, Gupta SK, Cohen C, Lee JC, et al. Weight Gain on 

Contemporary Integrase Strand Transfer Inhibitors and Tenofovir Alafenamide in 

Persons with HIV Starting Antiretroviral Therapy in the United States and Canada. J 

Infect Dis. 2026 May 29;jiag271. doi:10.1093/infdis/jiag271 PubMed PMID: 

42216675. 

78. Byonanebye DM, Polizzotto MN, Maltez F, Rauch A, Grabmeier-Pfistershammer K, 

Wit F, et al. Associations between change in BMI and the risk of hypertension and 

dyslipidaemia in people receiving integrase strand-transfer inhibitors, tenofovir 

alafenamide, or both compared with other contemporary antiretroviral regimens: a 

multicentre, prospective observational study from the RESPOND consortium 

cohorts. Lancet HIV. 2024 May;11(5):e321–32. doi:10.1016/S2352-3018(23)00328-

4 PubMed PMID: 38621392; PubMed Central PMCID: PMC11338627. 

79. Nightingale S, Dreyer AJ, Thomas KGF, van Zyl G, Decloedt E, Naude PJW, et al. 

Cognitive performance, neuropsychiatric symptoms, and cerebrospinal fluid viral 

control following programmatic switch from efavirenz-based to dolutegravir-based 

antiretroviral therapy in South Africa (CONNECT): a prospective cohort study. 



92 
 

Lancet HIV. 2024 Oct;11(10):e680–9. doi:10.1016/S2352-3018(24)00209-1 PubMed 

PMID: 39284338. 

80. Winston A, Spudich S. Cognitive disorders in people living with HIV. Lancet HIV. 

2020 Jul;7(7):e504–13. doi:10.1016/S2352-3018(20)30107-7 PubMed PMID: 

32621876. 

81. Writing Committee Members, Virani SS, Newby LK, Arnold SV, Bittner V, Brewer 

LC, et al. 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA Guideline for the Management 

of Patients With Chronic Coronary Disease: A Report of the American Heart 

Association/American College of Cardiology Joint Committee on Clinical Practice 

Guidelines. J Am Coll Cardiol. 2023 Aug 29;82(9):833–955. 

doi:10.1016/j.jacc.2023.04.003 PubMed PMID: 37480922. 

82. Phillips AN, Carr A, Neuhaus J, Visnegarwala F, Prineas R, Burman WJ, et al. 

Interruption of antiretroviral therapy and risk of cardiovascular disease in persons 

with HIV-1 infection: exploratory analyses from the SMART trial. Antivir Ther. 

2008;13(2):177–87. doi:10.1177/135965350801300215 PubMed PMID: 18505169. 

83. Borges ÁH, Neuhaus J, Sharma S, Neaton JD, Henry K, Anagnostou O, et al. The 

Effect of Interrupted/Deferred Antiretroviral Therapy on Disease Risk: A SMART 

and START Combined Analysis. J Infect Dis. 2019 Jan 7;219(2):254–63. 

doi:10.1093/infdis/jiy442 PubMed PMID: 30032171; PubMed Central PMCID: 

PMC6306018. 

84. Rein SM, Lodi S, Logan RW, Touloumi G, Antoniadou A, Wittkop L, et al. Integrase 

strand-transfer inhibitor use and cardiovascular events in adults with HIV: an 

emulation of target trials in the HIV-CAUSAL Collaboration and the Antiretroviral 

Therapy Cohort Collaboration. Lancet HIV. 2023 Nov;10(11):e723–32. 

doi:10.1016/S2352-3018(23)00233-3 PubMed PMID: 37923486; PubMed Central 

PMCID: PMC10695103. 

85. Song D, Hightow-Weidman LB, Bhandari B, Yang Y, Bailey J, Wang J. The effects 

of behavioral change interventions and behavior change techniques in promoting 

physical activity in people with HIV: a systematic review and meta-analysis. AIDS 



93 
 

Care. 2026 Feb;38(2):200–12. doi:10.1080/09540121.2025.2564197 PubMed PMID: 

41157870. 

86. Fleming SP, Kamat S, Prajapati G, Lee KM, Chirikov V, LeMasters T, et al. 

Comorbidity and comedication burden in people living with HIV in the United States: 

updated findings from a contemporary cohort (2020-2024). Curr Med Res Opin. 2025 

Dec;41(12):2263–75. doi:10.1080/03007995.2025.2610782 PubMed PMID: 

41505208. 

87. Wong C, Gange SJ, Moore RD, Justice AC, Buchacz K, Abraham AG, et al. 

Multimorbidity Among Persons Living with Human Immunodeficiency Virus in the 

United States. Clin Infect Dis. 2018 Apr 3;66(8):1230–8. doi:10.1093/cid/cix998 

PubMed PMID: 29149237; PubMed Central PMCID: PMC5889007. 

88. Collins LF, Palella FJ Jr, Mehta CC, Holloway J, Stosor V, Lake JE, et al. Aging-

Related Comorbidity Burden Among Women and Men With or At-Risk for HIV in 

the US, 2008-2019. JAMA Netw Open. 2023 Aug 7;6(8):e2327584. 

doi:10.1001/jamanetworkopen.2023.27584 

89. Pourcher V, Gourmelen J, Bureau I, Bouee S. Comorbidities in people living with 

HIV: An epidemiologic and economic analysis using a claims database in France. 

PLoS One. 2020;15(12):e0243529. doi:10.1371/journal.pone.0243529 PubMed 

PMID: 33332394; PubMed Central PMCID: PMC7746269. 

90. Smit M, Cassidy R, Cozzi-Lepri A, Quiros-Roldan E, Girardi E, Mammone A, et al. 

Projections of non-communicable disease and health care costs among HIV-positive 

persons in Italy and the U.S.A.: A modelling study. PLoS One. 

2017;12(10):e0186638. doi:10.1371/journal.pone.0186638 PubMed PMID: 

29059202; PubMed Central PMCID: PMC5653300. 

91. O’Connor SM, Song R, Viguerie A, Buchacz K, Lyles CM, Farnham PG, et al. 

Projected Increases in Older People With HIV in the United States Through 2040. 

Open Forum Infect Dis. 2025 Nov;12(11):ofaf656. doi:10.1093/ofid/ofaf656 

PubMed PMID: 41262359; PubMed Central PMCID: PMC12626220. 



94 
 

92. Martínez-Sanz J, G García-Ruiz de Morales A, Macías J, Rivero A, Blanco Arévalo 

JL, Camino Ortiz de Barrón X, et al. Trends in Age-Related Health Outcomes in 

People with HIV in Spain, 2006-2023. Clin Infect Dis. 2026 May 20;82(5):776–84. 

doi:10.1093/cid/ciaf622 PubMed PMID: 41235662. 

93. Lang R, Hogan B, Zhu J, McArthur K, Lee J, Zandi P, et al. The prevalence of mental 

health disorders in people with HIV and the effects on the HIV care continuum. AIDS. 

2023 Feb 1;37(2):259–69. doi:10.1097/QAD.0000000000003420 PubMed PMID: 

36541638; PubMed Central PMCID: PMC9782734. 

94. Collins LF, Cunningham SA, Vaughan CP, Ofotokun I. Promoting Healthy Aging in 

People With HIV—Into a New Era. JAMA. 2025 Aug 5;334(5):387–8. 

doi:10.1001/jama.2025.9244 

95. Patel P, Rose CE, Collins PY, Nuche-Berenguer B, Sahasrabuddhe VV, Peprah E, et 

al. Noncommunicable diseases among HIV-infected persons in low-income and 

middle-income countries: a systematic review and meta-analysis. AIDS. 2018 Jul 

1;32 Suppl 1(Suppl 1):S5–20. doi:10.1097/QAD.0000000000001888 PubMed 

PMID: 29952786; PubMed Central PMCID: PMC6380891. 

96. Ake JA, Polyak CS, Crowell TA, Kiweewa F, Semwogerere M, Maganga L, et al. 

Noninfectious Comorbidity in the African Cohort Study. Clin Infect Dis. 2019 Aug 

1;69(4):639–47. doi:10.1093/cid/ciy981 PubMed PMID: 30476001; PubMed Central 

PMCID: PMC6669288. 

97. Smit M, Perez-Guzman PN, Mutai KK, Cassidy R, Kibachio J, Kilonzo N, et al. 

Mapping the Current and Future Noncommunicable Disease Burden in Kenya by 

Human Immunodeficiency Virus Status: A Modeling Study. Clin Infect Dis. 2020 

Nov 5;71(8):1864–73. doi:10.1093/cid/ciz1103 PubMed PMID: 31734688; PubMed 

Central PMCID: PMC8240998. 

98. Suls J, Bayliss EA, Berry J, Bierman AS, Chrischilles EA, Farhat T, et al. Measuring 

Multimorbidity: Selecting the Right Instrument for the Purpose and the Data Source. 

Med Care. 2021 Aug 1;59(8):743–56. doi:10.1097/MLR.0000000000001566 

PubMed PMID: 33974576; PubMed Central PMCID: PMC8263466. 



95 
 

99. Winston A, De Francesco D, Post F, Boffito M, Vera J, Williams I, et al. Comorbidity 

indices in people with HIV and considerations for coronavirus disease 2019 

outcomes. AIDS. 2020 Oct 1;34(12):1795–800. 

doi:10.1097/QAD.0000000000002606 PubMed PMID: 32732634; PubMed Central 

PMCID: PMC7493769. 

100. Griffith LE, Gruneir A, Fisher KA, Upshur R, Patterson C, Perez R, et al. 

Measuring multimorbidity series-an overlooked complexity comparison of self-

report vs. administrative data in community-living adults: paper 2. Prevalence 

estimates depend on the data source. J Clin Epidemiol. 2020 Aug;124:163–72. 

doi:10.1016/j.jclinepi.2020.04.019 PubMed PMID: 32353403. 

101. Ndumele CE, Rangaswami J, Chow SL, Neeland IJ, Tuttle KR, Khan SS, et al. 

Cardiovascular-Kidney-Metabolic Health: A Presidential Advisory From the 

American Heart Association. Circulation. 2023 Nov 14;148(20):1606–35. 

doi:10.1161/CIR.0000000000001184 PubMed PMID: 37807924. 

102. Devanathan AS, Nolin TD. Cardiovascular-Kidney-Metabolic Syndrome in 

People With HIV: An Emerging Frontier for Clinical Pharmacology. Clin Pharmacol 

Ther. 2026 May;119(5):1136–40. doi:10.1002/cpt.70164 PubMed PMID: 41368766; 

PubMed Central PMCID: PMC12698119. 

103. Khan SS, Coresh J, Pencina MJ, Ndumele CE, Rangaswami J, Chow SL, et al. 

Novel Prediction Equations for Absolute Risk Assessment of Total Cardiovascular 

Disease Incorporating Cardiovascular-Kidney-Metabolic Health: A Scientific 

Statement From the American Heart Association. Circulation. 2023 Dec 

12;148(24):1982–2004. doi:10.1161/CIR.0000000000001191 

104. Gunnarsson S, Vito O, Unwin RJ. Cardiovascular-kidney-metabolic syndrome: 

prevalence, risks, disease trajectories, and early-stage management. Am J Physiol 

Cell Physiol. 2026 Jan 1;330(1):C1–8. doi:10.1152/ajpcell.00499.2025 PubMed 

PMID: 41269265. 

105. Kwok M, Dandapani H, Ibrahim N, Bloomfield GS, Patel S, Ahmed A, et al. 

Estimating the degree of cardiovascular disease risk under-prediction in people living 



96 
 

with HIV by existing risk models: an updated meta-analysis. AIDS. 2026 Mar 24. 

doi:10.1097/QAD.0000000000004492 PubMed PMID: 41873978. 

106. Grinspoon SK, Zanni MV, Triant VA, Kantor A, Umbleja T, Diggs MR, et al. 

Performance of the pooled cohort equations and D:A:D risk scores among individuals 

with HIV in a global cardiovascular disease prevention trial: a cohort study leveraging 

data from REPRIEVE. Lancet HIV. 2025 Feb;12(2):e118–29. doi:10.1016/S2352-

3018(24)00276-5 PubMed PMID: 39832519; PubMed Central PMCID: 

PMC11890582. 

107. Bożejko M, Knysz B, Czernicka A, Tarski I, Szymczak A, Małodobra-Mazur M. 

HIV infection is associated with accelerated epigenetic ageing: A systematic review. 

Ageing Res Rev. 2025 Dec;112:102884. doi:10.1016/j.arr.2025.102884 PubMed 

PMID: 40882504. 

108. Lagathu C, Cossarizza A, Béréziat V, Nasi M, Capeau J, Pinti M. Basic science 

and pathogenesis of ageing with HIV: potential mechanisms and biomarkers. AIDS. 

2017 Jun 1;31 Suppl 2:S105–19. doi:10.1097/QAD.0000000000001441 PubMed 

PMID: 28471941. 

109. Martínez-Martín P, Esteban-Cantos A, Jurado F, Montejano R, Gutiérrez-García 

L, de Gea Grela A, et al. Prognostic Value of Blood Epigenetic Biomarkers of Aging 

in Persons With Well-Controlled HIV-1 Infection. Clin Infect Dis. 2026 Apr 

30;82(4):583–91. doi:10.1093/cid/ciaf537 PubMed PMID: 41024391. 

110. Collini P, Mawson RL. A new era of HIV care for age-associated multimorbidity. 

Curr Opin Infect Dis. 2023 Feb 1;36(1):9–14. doi:10.1097/QCO.0000000000000890 

PubMed PMID: 36484174. 

111. Verheij E, Boyd A, Wit FW, Verboeket SO, Verburgh ML, van der Valk M, et al. 

Long-term evolution of comorbidities and their disease burden in individuals with 

and without HIV as they age: analysis of the prospective AGEhIV cohort study. 

Lancet HIV. 2023 Mar;10(3):e164–74. doi:10.1016/S2352-3018(22)00400-3 

PubMed PMID: 36774943. 



97 
 

112. Masters MC, Landay AL, Robbins PD, Tchkonia T, Kirkland JL, Kuchel GA, et 

al. Chronic HIV Infection and Aging: Application of a Geroscience-Guided 

Approach. J Acquir Immune Defic Syndr. 2022 Feb 1;89(Suppl 1):S34–46. 

doi:10.1097/QAI.0000000000002858 PubMed PMID: 35015744; PubMed Central 

PMCID: PMC8751288. 

113. Hong SY, Woodley D, Pao M, Goetz H, Alvarez A, White M, et al. A 

Multidisciplinary Healthy Aging Program in Comprehensive HIV Care: Multidomain 

Screening, Clinical Interventions, and Cardiometabolic Risk Management. Viruses. 

2026 May 19;18(5):572. doi:10.3390/v18050572 PubMed PMID: 42198774; 

PubMed Central PMCID: PMC13211366. 

114. Theodorakis N, Nikolaou M. From Cardiovascular-Kidney-Metabolic Syndrome 

to Cardiovascular-Renal-Hepatic-Metabolic Syndrome: Proposing an Expanded 

Framework. Biomolecules. 2025 Feb 2;15(2):213. doi:10.3390/biom15020213 

PubMed PMID: 40001516; PubMed Central PMCID: PMC11853431. 

115. Bian H, Ma J, Qu S, Qian J, Hao C, Liu C, et al. The evolving concept from 

Cardiovascular-kidney-metabolic syndrome to metabolic associated liver-

cardiovascular-kidney syndrome: insights from endocrinology. Rev Endocr Metab 

Disord. 2026 Feb 2. doi:10.1007/s11154-025-10013-6 PubMed PMID: 41627645. 

116. Theodorakis N, Nikolaou M. Integrated Management of Cardiovascular-Renal-

Hepatic-Metabolic Syndrome: Expanding Roles of SGLT2is, GLP-1RAs, and 

GIP/GLP-1RAs. Biomedicines. 2025 Jan 8;13(1):135. 

doi:10.3390/biomedicines13010135 PubMed PMID: 39857719; PubMed Central 

PMCID: PMC11760485. 

117. Zhou XD, Chen QF, Fan QY, Kim SU, Yip TCF, Petta S, et al. Cardiovascular-

kidney-metabolic syndrome and the risk of liver fibrosis progression and liver-related 

events in MASLD. Hepatology. 2025 Dec 16. doi:10.1097/HEP.0000000000001645 

PubMed PMID: 41400631. 

118. Kreutz R, Canbay A, Haluzik M, Januszewicz A, Mendive JM, Sarafidis P, et al. 

Assessment and management of cardiovascular-kidney-liver metabolic-syndrome in 



98 
 

the primary care setting: A multidisciplinary consensus statement. Eur J Intern Med. 

2026 Apr 27;106902. doi:10.1016/j.ejim.2026.106902 PubMed PMID: 42049588. 

119. Tian Z, Soltani S, Bauersachs J, Schmidt-Ott K, Melk A, Schmidt BM. High 

Prevalence of the Cardiovascular-Kidney-Metabolic Syndrome Among US Adults 

From 1999-2020 - An analysis of the NHANES survey [Internet]. medRxiv; 2024 

[cited 2026 Jun 13]. p. 2024.03.04.24303751. Available from: 

https://www.medrxiv.org/content/10.1101/2024.03.04.24303751v1 

doi:10.1101/2024.03.04.24303751 

120. Yim Y, Lee JE, Son Y, Kim S, Lee H, Lee S, et al. Long-term trends in the 

prevalence of cardiovascular-kidney-metabolic syndrome in South Korea, 2011-

2021: a representative longitudinal serial study. Lancet Reg Health West Pac. 2025 

Feb;55:101474. doi:10.1016/j.lanwpc.2025.101474 PubMed PMID: 39911647; 

PubMed Central PMCID: PMC11795540. 

121. Cheema HA, Shahid A, Rahman SU, Nasir K, Patel J, Kulkarni A, et al. 

Prevalence and mortality of cardiovascular-kidney-metabolic syndrome in US adults, 

1999–2018. American Heart Journal Plus: Cardiology Research and Practice. 2026 

Apr 1;64:100742. doi:10.1016/j.ahjo.2026.100742 

122. Ding H, Gu K, Yuan S, Huang Q, Ma C, Di Q, et al. Associations of 

Cardiovascular-Kidney-Metabolic Syndrome (CKM) Stages with All-Cause 

Mortality and Longitudinal Transitions of CKM Stages in a Population-Based Cohort. 

Heart, Lung and Circulation. 2026 May 29. doi:10.1016/j.hlc.2026.01.010 

123. Li J, Lu L, Zhang Y, Gu Q, Zhu T, Jing F, et al. Regional Prevalence, Stage 

Distribution, and Temporal Trends of Cardiovascular-Kidney-Metabolic Syndrome 

in the Americas, Europe and Western Pacific: A Systematic Review and Meta-

Analysis [Internet]. medRxiv; 2025 [cited 2026 May 15]. p. 2025.06.04.25328945. 

Available from: https://www.medrxiv.org/content/10.1101/2025.06.04.25328945v1 

doi:10.1101/2025.06.04.25328945 

124. Kim JE, Joo J, Kuku KO, Downie C, Hashemian M, Powell-Wiley TM, et al. 

Prevalence, Disparities, and Mortality of Cardiovascular-Kidney-Metabolic 



99 
 

Syndrome in US Adults, 2011-2018. Am J Med. 2025 Jun;138(6):970-979.e7. 

doi:10.1016/j.amjmed.2025.01.031 PubMed PMID: 39909293; PubMed Central 

PMCID: PMC12092198. 

125. Mavromatis LA, Grams ME. Epidemiology of cardiovascular-kidney-metabolic 

syndrome. Nat Rev Nephrol. 2026 May 7. doi:10.1038/s41581-026-01078-w 

PubMed PMID: 42098477. 

126. Gunnarsson S, Vito O, Unwin RJ. Cardiovascular-kidney-metabolic syndrome: 

prevalence, risks, disease trajectories, and early-stage management. Am J Physiol 

Cell Physiol. 2026 Jan 1;330(1):C1–8. doi:10.1152/ajpcell.00499.2025 PubMed 

PMID: 41269265. 

127. Ostrominski JW, Arnold SV, Butler J, Fonarow GC, Hirsch JS, Palli SR, et al. 

Prevalence and Overlap of Cardiac, Renal, and Metabolic Conditions in US Adults, 

1999-2020. JAMA Cardiol. 2023 Nov 1;8(11):1050–60. 

doi:10.1001/jamacardio.2023.3241 

128. Zhu R, Wang R, He J, Wang L, Chen H, Niu X, et al. Prevalence of 

Cardiovascular-Kidney-Metabolic Syndrome Stages by Social Determinants of 

Health. JAMA Netw Open. 2024 Nov 4;7(11):e2445309. 

doi:10.1001/jamanetworkopen.2024.45309 PubMed PMID: 39556396; PubMed 

Central PMCID: PMC11574692. 

129. Tsai MK, Kao JTW, Wong CS, Liao CT, Lo WC, Chien KL, et al. Cardiovascular-

kidney-metabolic syndrome and all-cause and cardiovascular mortality: A 

retrospective cohort study. PLoS Med. 2025 Jun;22(6):e1004629. 

doi:10.1371/journal.pmed.1004629 PubMed PMID: 40570007; PubMed Central 

PMCID: PMC12200875. 

130. Chen Y, Wu X, Long T, Jiang Y, Wang M, Lv Z, et al. Prevalence and Mortality 

Association of Different Stages of Cardiovascular-Kidney-Metabolic Syndrome. 

JACC Adv. 2025 Jun;4(6 Pt 2):101843. doi:10.1016/j.jacadv.2025.101843 PubMed 

PMID: 40579061; PubMed Central PMCID: PMC12277614. 



100 
 

131. Wang M, Qiao Y, Lin R, Yu Y, Zhao M, Standl M, et al. Association between 

cardiovascular-kidney-metabolic syndrome, lifestyle, and all-cause and cause-

specific mortality: a prospective cohort study. EClinicalMedicine. 2025 

Dec;90:103596. doi:10.1016/j.eclinm.2025.103596 PubMed PMID: 41245546; 

PubMed Central PMCID: PMC12613067. 

132. Zhou X, Zhu R, Liu L, Liu X, Lu J, Chen B, et al. Association of cardiovascular-

kidney-metabolic syndrome stages with mortality: A nationwide, population-based, 

prospective cohort study. Chin Med J (Engl). 2026 Feb 20;139(4):536–50. 

doi:10.1097/CM9.0000000000003914 PubMed PMID: 41473980; PubMed Central 

PMCID: PMC12908800. 

133. Butler J, Khan MS, Ferreira JP, Girerd N, Gulati M, Lala A, et al. Heart Failure 

Prevention: Evidence Generation, Trial Design, and Regulatory Pathways. J Am Coll 

Cardiol. 2026 Apr 21;87(15):1907–35. doi:10.1016/j.jacc.2025.12.029 PubMed 

PMID: 41670570. 

134. Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE, 

et al. Life’s Essential 8: Updating and Enhancing the American Heart Association’s 

Construct of Cardiovascular Health: A Presidential Advisory From the American 

Heart Association. Circulation. 2022 Aug 2;146(5):e18–43. 

doi:10.1161/CIR.0000000000001078 

135. Pohlman N, Patel PN, Essien UR, Tang JJ, Joseph JJ. Novel Cardiometabolic 

Medications in the Cardiovascular-Kidney-Metabolic Syndrome Era. J Clin 

Endocrinol Metab. 2025 Jul 15;110(8):2105–22. doi:10.1210/clinem/dgaf295 

PubMed PMID: 40388382; PubMed Central PMCID: PMC12823194. 

136. Mahmoudi A, Katsiki N, Vrablik M, Sahebkar A. Pleiotropic Effects of Statins: 

Focus on Inflammation, Oxidative Stress and Immunomodulation (Part I). Curr 

Atheroscler Rep. 2026 Jan 10;28(1):8. doi:10.1007/s11883-025-01386-9 PubMed 

PMID: 41518479. 

137. Tunnicliffe DJ, Palmer SC, Cashmore BA, Saglimbene VM, Krishnasamy R, 

Lambert K, et al. HMG CoA reductase inhibitors (statins) for people with chronic 



101 
 

kidney disease not requiring dialysis - Tunnicliffe, DJ - 2023 | Cochrane Library 

[Internet]. [cited 2026 Jun 9]. Available from: 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD007784.pub3/full 

138. Lin S, Liu R, Huang W, Liu L, Zhang B, Xu J, et al. Effect of statin therapy on 

renal and lipid outcomes in CKM syndrome stage 2: a meta-analysis of randomized 

controlled trials. BMC Nephrol. 2025 Dec 9;27(1):36. doi:10.1186/s12882-025-

04645-8 PubMed PMID: 41366750; PubMed Central PMCID: PMC12801916. 

139. Petrie JR, Rossing PR, Campbell IW. Metformin and cardiorenal outcomes in 

diabetes: A reappraisal. Diabetes, Obesity and Metabolism. 2020;22(6):904–15. 

doi:10.1111/dom.13984 

140. Forman DE, Kuchel GA, Newman JC, Kirkland JL, Volpi E, Taffet GE, et al. 

Impact of Geroscience on Therapeutic Strategies for Older Adults With 

Cardiovascular Disease: JACC Scientific Statement. J Am Coll Cardiol. 2023 Aug 

15;82(7):631–47. doi:10.1016/j.jacc.2023.05.038 PubMed PMID: 37389519; 

PubMed Central PMCID: PMC10414756. 

141. Rossing P, Caramori ML, Chan JCN, Heerspink HJL, Hurst C, Khunti K, et al. 

KDIGO 2022 Clinical Practice Guideline for Diabetes Management in Chronic 

Kidney Disease. Kidney International. 2022 Nov 1;102(5):S1–127. 

doi:10.1016/j.kint.2022.06.008 PubMed PMID: 36272764. 

142. Boer IH de, Khunti K, Sadusky T, Tuttle KR, Neumiller JJ, Rhee CM, et al. 

Diabetes management in chronic kidney disease: a consensus report by the American 

Diabetes Association (ADA) and Kidney Disease: Improving Global Outcomes 

(KDIGO). Kidney International. 2022 Nov 1;102(5):974–89. 

doi:10.1016/j.kint.2022.08.012 PubMed PMID: 36202661. 

143. Lee YH, Lim S, Davies MJ. Cardiometabolic and renal benefits of sodium-glucose 

cotransporter 2 inhibitors. Nat Rev Endocrinol. 2025 Dec;21(12):783–98. 

doi:10.1038/s41574-025-01170-4 PubMed PMID: 40935880. 



102 
 

144. Yang Y, Zhou W, Yang M, Tang SCW, Liu BC. Current understanding of sodium-

glucose transporter 2 inhibitors in cardiovascular-kidney-metabolic syndrome. Front 

Pharmacol. 2026;17:1800868. doi:10.3389/fphar.2026.1800868 PubMed PMID: 

42038319; PubMed Central PMCID: PMC13106506. 

145. Usman MS, Siddiqi TJ, Anker SD, Bakris GL, Bhatt DL, Filippatos G, et al. Effect 

of SGLT2 Inhibitors on Cardiovascular Outcomes Across Various Patient 

Populations. J Am Coll Cardiol. 2023 Jun 27;81(25):2377–87. 

doi:10.1016/j.jacc.2023.04.034 PubMed PMID: 37344038. 

146. Morales J, Handelsman Y. Cardiovascular Outcomes in Patients With Diabetes 

and Kidney Disease: JACC Review Topic of the Week. J Am Coll Cardiol. 2023 Jul 

11;82(2):161–70. doi:10.1016/j.jacc.2023.04.052 PubMed PMID: 37407115. 

147. Natale P, Tunnicliffe DJ, Toyama T, Palmer SC, Saglimbene VM, Ruospo M, et 

al. Sodium‐glucose co‐transporter protein 2 (SGLT2) inhibitors for people with 

chronic kidney disease and diabetes - Natale, P - 2024 | Cochrane Library [Internet]. 

[cited 2026 Jun 9]. Available from: 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD015588.pub2/full 

148. Deedwania P, Banga A. Sodium-glucose cotransporter 1&2 inhibitors in heart 

failure and diabetes mellitus: From foundational therapy to emerging frontiers. Am J 

Med. 2026 Jul;139(7):854–66. doi:10.1016/j.amjmed.2026.02.049 PubMed PMID: 

41806943. 

149. Dunlay SM, Givertz MM, Aguilar D, Allen LA, Chan M, Desai AS, et al. Type 2 

Diabetes Mellitus and Heart Failure: A Scientific Statement From the American Heart 

Association and the Heart Failure Society of America: This statement does not 

represent an update of the 2017 ACC/AHA/HFSA heart failure guideline update. 

Circulation. 2019 Aug 13;140(7):e294–324. doi:10.1161/CIR.0000000000000691 

150. Rosen CJ, Ingelfinger JR. GLP-1 Receptor Agonists. New England Journal of 

Medicine. 2026 Apr 1;394(13):1313–24. doi:10.1056/NEJMra2500106 



103 
 

151. Lee MMY, Sattar N, Pop-Busui R, Deanfield J, Emerson SS, Inzucchi SE, et al. 

Cardiovascular and Kidney Outcomes and Mortality With Long-Acting Injectable 

and Oral Glucagon-Like Peptide 1 Receptor Agonists in Individuals With Type 2 

Diabetes: A Systematic Review and Meta-analysis of Randomized Trials. Diabetes 

Care. 2025 May 1;48(5):846–59. doi:10.2337/dc25-0241 PubMed PMID: 40156846. 

152. Nauck MA, Tuttle KR, Tschöp MH, Blüher M. Glucagon-like receptor agonists 

and next-generation incretin-based medications: metabolic, cardiovascular, and renal 

benefits. Lancet. 2026 Feb 28;407(10531):892–908. doi:10.1016/S0140-

6736(25)02105-1 PubMed PMID: 41547366. 

153. Chuang MH, Chen JY, Wang HY, Jiang ZH, Wu VC. Clinical Outcomes of 

Tirzepatide or GLP-1 Receptor Agonists in Individuals With Type 2 Diabetes. JAMA 

Netw Open. 2024 Aug 12;7(8):e2427258. 

doi:10.1001/jamanetworkopen.2024.27258 

154. Zoungas S, D’Alessio D, Pavo I, Bhatt DL, Buse JB, Prato SD, et al. A comparison 

of the effects of tirzepatide and dulaglutide on major kidney events in people with 

type 2 diabetes: pre-specified exploratory analyses of the SURPASS-CVOT trial. 

Lancet Diabetes Endocrinol. 2026 May 11;S2213-8587(26)00032-X. 

doi:10.1016/S2213-8587(26)00032-X PubMed PMID: 42114520. 

155. 10. Cardiovascular Disease and Risk Management: Standards of Care in 

Diabetes—2026. Diabetes Care. 2025 Dec 8;49(Suppl 1):S216–45. 

doi:10.2337/dc26-S010 PubMed PMID: 41358899; PubMed Central PMCID: 

PMC12690187. 

156. Zeitler E, Klein KR, Lingvay I, Pick A, Billings LK. Hyperaldosteronism in the 

Pathophysiology and Management of Cardiovascular-Kidney-Metabolic Syndrome. 

Diabetes, Obesity and Metabolism. 2026;28(7):5463–75. doi:10.1111/dom.70781 

157. Neuen BL, Heerspink HJL, Perkovic V, Cherney DZI, Lam CSP, Tuttle KR, et al. 

Efficacy and safety of finerenone in patients with chronic kidney disease: an 

individual participant data pooled analysis (INFINITY). Lancet. 2026 Jun 5;S0140-

6736(26)01009-3. doi:10.1016/S0140-6736(26)01009-3 PubMed PMID: 42248158. 



104 
 

158. Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P, Joseph A, et al. 

Cardiovascular and kidney outcomes with finerenone in patients with type 2 diabetes 

and chronic kidney disease: the FIDELITY pooled analysis. Eur Heart J. 2022 Feb 

10;43(6):474–84. doi:10.1093/eurheartj/ehab777 PubMed PMID: 35023547; 

PubMed Central PMCID: PMC8830527. 

159. Ekwunife O, Wang X, Fraser RA, Yunke A, Campbell JA, Walker RJ, et al. Social 

Risk Factors and Disparities in Advanced Cardiovascular-Kidney-Metabolic 

Syndrome. JAMA Netw Open. 2026 May 5;9(5):e2610702. 

doi:10.1001/jamanetworkopen.2026.10702 

160. Pabon MA, Ostrominski JW, Wang X, Claggett BL, Lo KB, Filippatos G, et al. 

Sex differences in cardiovascular-kidney-metabolic syndrome: the FINE-HEART 

pooled analysis. Eur Heart J. 2026 Mar 26;ehag162. doi:10.1093/eurheartj/ehag162 

PubMed PMID: 41884984. 

161. Liu M, Marinacci LX, Joynt Maddox KE, Wadhera RK. Cardiovascular Health 

Among Rural and Urban US Adults—Healthcare, Lifestyle, and Social Factors. 

JAMA Cardiol. 2025 Jun 1;10(6):585–94. doi:10.1001/jamacardio.2025.0538 

162. Neeland IJ, Ross R, Després JP, Matsuzawa Y, Yamashita S, Shai I, et al. Visceral 

and ectopic fat, atherosclerosis, and cardiometabolic disease: a position statement. 

Lancet Diabetes Endocrinol. 2019 Sep;7(9):715–25. doi:10.1016/S2213-

8587(19)30084-1 PubMed PMID: 31301983. 

163. Stefan N, Schulze MB. Metabolic health and cardiometabolic risk clusters: 

implications for prediction, prevention, and treatment. Lancet Diabetes Endocrinol. 

2023 Jun;11(6):426–40. doi:10.1016/S2213-8587(23)00086-4 PubMed PMID: 

37156256. 

164. Levin A, Bansal N, de Boer IH, Grams ME, Jadoul M, Ter Maaten JM, et al. The 

Kidney in the Middle: KDIGO Guidelines Address Multiple Key Components of 

Cardiovascular-Kidney-Metabolic Syndrome. Kidney Int. 2026 May 25;S0085-

2538(26)00407-2. doi:10.1016/j.kint.2026.03.031 PubMed PMID: 42191113. 



105 
 

165. Stefan N. Causes, consequences, and treatment of metabolically unhealthy fat 

distribution. Lancet Diabetes Endocrinol. 2020 Jul;8(7):616–27. doi:10.1016/S2213-

8587(20)30110-8 PubMed PMID: 32559477. 

166. Packer M. Longevity genes, cardiac ageing, and the pathogenesis of 

cardiomyopathy: implications for understanding the effects of current and future 

treatments for heart failure. Eur Heart J. 2020 Oct 14;41(39):3856–61. 

doi:10.1093/eurheartj/ehaa360 PubMed PMID: 32460327; PubMed Central PMCID: 

PMC7599035. 

167. Yoshino Y, Kimura Y, Ito F. Chronic inflammation in virus-suppressed people 

living with human immunodeficiency virus infection: A microbiology-oriented 

perspective on gut barrier failure, microbial translocation, and immune activation. J 

Infect Chemother. 2026 Jun;32(6):102972. doi:10.1016/j.jiac.2026.102972 PubMed 

PMID: 42009106. 

168. Liu LM, He XF, Zhang YL, Zhou JT, Miao H, Zhao YY. Gut microbiota and renal 

fibrosis: novel mechanistic insights and therapeutic potential. Acta Pharmacol Sin. 

2026 Apr 8. doi:10.1038/s41401-026-01801-0 PubMed PMID: 41951771. 

169. Peters BA, Burk RD, Kaplan RC, Qi Q. The Gut Microbiome, Microbial 

Metabolites, and Cardiovascular Disease in People Living with HIV. Curr HIV/AIDS 

Rep. 2023 Apr;20(2):86–99. doi:10.1007/s11904-023-00648-y PubMed PMID: 

36708497; PubMed Central PMCID: PMC12820811. 

170. Berton M, Bettonte S, Stader F, Decosterd L, Tarr PE, Livio F, et al. Antiretroviral 

Drug Exposure and Response in Obese and Morbidly Obese People With Human 

Immunodeficiency Virus (HIV): A Study Combining Modelling and Swiss HIV 

Cohort Data. Clin Infect Dis. 2024 Jan 25;78(1):98–110. doi:10.1093/cid/ciad495 

PubMed PMID: 37602428; PubMed Central PMCID: PMC10810714. 

171. Masenga SK, Elijovich F, Koethe JR, Hamooya BM, Heimburger DC, Munsaka 

SM, et al. Hypertension and Metabolic Syndrome in Persons with HIV. Curr 

Hypertens Rep. 2020 Sep 3;22(10):78. doi:10.1007/s11906-020-01089-3 PubMed 

PMID: 32880756; PubMed Central PMCID: PMC7467859. 



106 
 

172. Milic J, Calza S, Cantergiani S, Albertini M, Gallerani A, Menozzi M, et al. 

Sarcopenic Obesity Phenotypes in Patients With HIV: Implications for 

Cardiovascular Prevention and Rehabilitation. Can J Cardiol. 2023 

Nov;39(11S):S359–67. doi:10.1016/j.cjca.2023.08.027 PubMed PMID: 37659756. 

173. Greene ML, Tan JY, Weiser SD, Christopoulos K, Shiels M, O’Hollaren A, et al. 

Patient and provider perceptions of a comprehensive care program for HIV-positive 

adults over 50 years of age: The formation of the Golden Compass HIV and aging 

care program in San Francisco. PLoS One. 2018;13(12):e0208486. 

doi:10.1371/journal.pone.0208486 PubMed PMID: 30517193; PubMed Central 

PMCID: PMC6281256. 

174. Tan JY, Greene M, Blat C, Albers A, Grochowski J, Oskarsson J, et al. Examining 

the Impact of the Golden Compass Clinical Care Program for Older People with HIV: 

A Qualitative Study. AIDS Behav. 2022 May;26(5):1562–71. doi:10.1007/s10461-

021-03509-0 PubMed PMID: 34705153; PubMed Central PMCID: PMC8548856. 

175. Guaraldi G, Franconi I, Milic J, Besutti G, Pintassilgo I, Scaglioni R, et al. Thymus 

Imaging Detection and Size Is Inversely Associated With Metabolic Syndrome and 

Frailty in People With HIV. Open Forum Infect Dis. 2019 Oct;6(10):ofz435. 

doi:10.1093/ofid/ofz435 PubMed PMID: 31660382; PubMed Central PMCID: 

PMC6809752. 

176. Shepherd JA, Ng BK, Sommer MJ, Heymsfield SB. Body composition by DXA. 

Bone. 2017 Nov;104:101–5. doi:10.1016/j.bone.2017.06.010 PubMed PMID: 

28625918; PubMed Central PMCID: PMC5659281. 

177. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et 

al. International physical activity questionnaire: 12-country reliability and validity. 

Med Sci Sports Exerc. 2003 Aug;35(8):1381–95. 

doi:10.1249/01.MSS.0000078924.61453.FB PubMed PMID: 12900694. 

178. SCORE2 working group and ESC Cardiovascular risk collaboration. SCORE2 

risk prediction algorithms: new models to estimate 10-year risk of cardiovascular 



107 
 

disease in Europe. Eur Heart J. 2021 Jul 1;42(25):2439–54. 

doi:10.1093/eurheartj/ehab309 

179. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, Detrano R. 

Quantification of coronary artery calcium using ultrafast computed tomography. J Am 

Coll Cardiol. 1990 Mar 15;15(4):827–32. doi:10.1016/0735-1097(90)90282-t 

PubMed PMID: 2407762. 

180. Ambrosioni J, Levi L, Alagaratnam J, Van Bremen K, Mastrangelo A, Waalewijn 

H, et al. Major revision version 12.0 of the European AIDS Clinical Society 

guidelines 2023. HIV Med. 2023 Nov;24(11):1126–36. doi:10.1111/hiv.13542 

PubMed PMID: 37849432. 

181. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. 

KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of 

Chronic Kidney Disease. Kidney Int. 2024 Apr;105(4S):S117–314. 

doi:10.1016/j.kint.2023.10.018 PubMed PMID: 38490803. 

182. Schouten J, Wit FW, Stolte IG, Kootstra NA, van der Valk M, Geerlings SE, et al. 

Cross-sectional comparison of the prevalence of age-associated comorbidities and 

their risk factors between HIV-infected and uninfected individuals: the AGEhIV 

cohort study. Clin Infect Dis. 2014 Dec 15;59(12):1787–97. doi:10.1093/cid/ciu701 

PubMed PMID: 25182245. 

183. Guldan M, Unlu S, Abdel-Rahman SM, Ozbek L, Gaipov A, Covic A, et al. 

Understanding the Role of Sex Hormones in Cardiovascular Kidney Metabolic 

Syndrome: Toward Personalized Therapeutic Approaches. J Clin Med. 2024 Jul 

25;13(15):4354. doi:10.3390/jcm13154354 PubMed PMID: 39124622; PubMed 

Central PMCID: PMC11312746. 

184. Ozemek C, Erlandson KM, Jankowski CM. Physical activity and exercise to 

improve cardiovascular health for adults living with HIV. Prog Cardiovasc Dis. 

2020;63(2):178–83. doi:10.1016/j.pcad.2020.01.005 PubMed PMID: 32014512. 



108 
 

185. Brothers TD, Kirkland S, Theou O, Zona S, Malagoli A, Wallace LMK, et al. 

Predictors of transitions in frailty severity and mortality among people aging with 

HIV. PLoS One. 2017;12(10):e0185352. doi:10.1371/journal.pone.0185352 PubMed 

PMID: 28981535; PubMed Central PMCID: PMC5628822. 

186. Zhang Y, Matzaraki V, Vadaq N, Blaauw MJT, Vos W, Groenendijk A, et al. 

Opposite effects of chronic HIV infection and antiretroviral medication on organismal 

and organ-specific biological aging. Nat Commun. 2026 Feb 10;17(1):2572. 

doi:10.1038/s41467-026-69412-1 PubMed PMID: 41667490; PubMed Central 

PMCID: PMC12999977. 

187. Sawalla Guseh J, Lieberman D, Baggish A. The Evidence for Exercise in 

Medicine — A New Review Series. NEJM Evidence. 2022 Feb 

22;1(3):EVIDra2100002. doi:10.1056/EVIDra2100002 

 

  



109 
 

LIST OF ABBREVIATIONS 
 

ACC = American College of Cardiology 

ACEi = Angiotensin-Converting Enzyme inhibitor 

ADA = American Diabetes Association 

ASCVD = Atherosclerotic Cardiovascular Disease 

AHA = American Heart Association 

AIDS = Acquired Immunodeficiency Syndrome 

ARB = Angiotensin Receptor Blocker 

ARNI = Angiotensin Receptor-Neprilysin Inhibitor 

ART = Antiretroviral Therapy 

BMI = Body Mass Index 

BNP = B-type Natriuretic Peptide 

CAC = Coronary Artery Calcium 

CAD = Coronary Artery Disease 

CD4 = Cluster of Differentiation 4 

CI = Confidence Interval 

CKD = Chronic Kidney Disease 

CKHM = Cardiovascular-Kidney-Hepatic-Metabolic (Syndrome) 

CKM = Cardiovascular-Kidney-Metabolic (Syndrome) 

CMV = Cytomegalovirus 
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CROI = Conference on Retroviruses and Opportunistic Infections 

CRP = C-Reactive Protein 

CT = Computed Tomography 

CVD = Cardiovascular Disease 

CVRD = Cardiovascular-Renal Disease 

DALY = Disability-Adjusted Life Year 

DEXA = Dual-Energy X-ray Absorptiometry 

DTG = Dolutegravir 

EACS = European AIDS Clinical Society 

EFV = Efavirenz 

eGFR = Estimated Glomerular Filtration Rate 

ESC = European Society of Cardiology 

FTC = Emtricitabine 

GIP = Glucose-dependent Insulinotropic Polypeptide 

GLP-1 RA = Glucagon-Like Peptide-1 Receptor Agonist 

HAART = Highly Active Antiretroviral Therapy 

HbA1c = Glycated Haemoglobin 

HCV = Hepatitis C Virus 

HDL = High-Density Lipoprotein 

HF = Heart Failure 

HFpEF = Heart Failure with preserved Ejection Fraction 
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HFrEF = Heart Failure with reduced Ejection Fraction 

HIV = Human Immunodeficiency Virus 

HOMA-IR = Homeostatic Model Assessment of Insulin Resistance 

HR = Hazard Ratio 

IL-6 = Interleukin-6 

IMT = Intima-Media Thickness 

INSTI = Integrase Strand Transfer Inhibitors 

KDIGO = Kidney Disease Improving Global Outcomes 

LDL = Low-Density Lipoprotein 

LMIC = Low- and Middle-Income Countries 

LVEF = Left Ventricular Ejection Fraction 

MACE = Major Adverse Cardiovascular Events 

MASH = Metabolic dysfunction-Associated SteatoHepatitis 

MASLD = Metabolic dysfunction-Associated Steatotic Liver Disease 

MetS = Metabolic Syndrome 

MHMC = Modena HIV Metabolic Clinic 

MRA = Mineralocorticoid Receptor Antagonist 

NACM = Non-AIDS Comorbidities 

NCD = Non-Communicable Disease 

NICM = Non-Infectious Comorbidities 

NRTI = Nucleoside Reverse Transcriptase Inhibitors 
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NNRTI = Non-Nucleoside Reverse Transcriptase Inhibitors 

PI = Protease Inhibitors 

PWH = People With HIV 

Q1/Q3 = First/Third Quartile 

RAAS = Renin-Angiotensin-Aldosterone System 

SCORE2 = Systematic Coronary Risk Evaluation 2 

SD = Standard Deviation 

SDOH = Social Determinants Of Health 

SGLT2i = Sodium-Glucose Cotransporter-2 Inhibitors 

SNAE = Serious Non-AIDS Event 

TAF = Tenofovir Alafenamide 

TDF = Tenofovir Disoproxil Fumarate 

VAT = Visceral Adipose Tissue 

WHtR = Waist-to-Height Ratio 
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