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Background: People with HIV (PWH) have a high risk of cardiovascular events

(CVEs). We investigated the incidence of CVEs in PWH and the usefulness of

combining hepatic steatosis/insulin resistance (HS-IR) and risk of liver fibrosis

for the evaluation of cardiovascular risk in PWH.

Methods: We retrospectively analyzed 7,286 PWH from the prospective CoRIS

cohort. We calculated the baseline triglyceride-glucose index (TyG) and FIB-4

index to assess HS-IR and risk of fibrosis, respectively, and evaluated persons

with abnormal values for both indices. The primary outcome was the incidence

of CVEs, defined as myocardial infarction, coronary disease, stroke, transient

ischemic attack, peripheral arterial obstruction, and/or cardiovascular death.

The association between HS-IR and risk of fibrosis and incidence of CVEs

was assessed using a univariable and multivariable competing risk survival

regression analysis.

Results: The overall incidence of CVEs was 3.5 per 1,000 person-years. HS-IR

and risk of fibrosis were significantly associated with an increased risk of CVEs.

Individuals with HS-IR and risk of fibrosis experienced markedly more CVEs

than those with normal values (10.6 vs. 1.4 per 1,000 person-years, p < 0.001).

After correction for possible confounders and traditional cardiovascular risk

factors, abnormal values for HS-IR and risk of fibrosis score were independently

associated with CVEs of (HR, 2.21 [1.2–4.1]; p < 0.01).

Conclusion: HS-IR and risk of fibrosis before ART are associated with increased

risk of CVEs in PWH. A combined risk assessment incorporating HS-IR and risk
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of fibrosis may improve cardiovascular risk stratification in this population. These 

readily accessible tools can facilitate early identification and intervention in high-

risk individuals. 

KEYWORDS 

HIV, cardiovascular events, hepatic steatosis, liver fibrosis, MASLD 

Highlights 

• Hepatic steatosis, insulin resistance, and liver fibrosis predict 
cardiovascular events in PWH. 

• A combined hepatic steatosis–insulin resistance and fibrosis 
score significantly improves cardiovascular risk assessment. 

• Simple clinical indices enable early identification and targeted 
interventions for high-risk PWH. 

1 Introduction 

People with HIV (PWH) face a higher risk of cardiovascular 
diseases than the general population (1) because of factors such 
as the direct eects of the virus, adverse eects of antiretroviral 
therapy (ART), chronic inflammation, and comorbidities (e.g., 
metabolic disorders, arterial hypertension, and diabetes) (2). 
Hepatic steatosis (HS) and fibrosis, both of which are common 
in HIV infection, have also emerged as risk factors. Globally, the 
burden of HIV-related cardiovascular disease has tripled in the past 
2 decades, mainly in Sub-Saharan Africa and Asia Pacific (1, 3). 
This seems to be because the PWH population is aging and because 
of general worsening of metabolic factors, even in developing 
areas such as Africa or Asia. Consequently, we must seek to 
better understand the drivers of increased risk of cardiovascular 
disease, including the role of hepatic conditions, in order to develop 
targeted interventions and improve cardiovascular health in PWH. 

Hepatic steatosis and fibrosis in patients with fatty liver 
disease, but not viral hepatitis, are common in PWH, aecting 
50 and 30%, respectively (4, 5). These conditions are often linked 
to metabolic disorders, chronic inflammation, and specific ART 
regimens, including d-nucleoside analogs and first-generation 
protease inhibitors. HS is associated with endothelial dysfunction 
and increased arterial inflammation, providing plausible biological 
mechanisms for its link to atherosclerotic cardiovascular disease (1, 
6). HIV infection itself may contribute directly to the development 
of HS and fibrosis, thus potentially increasing the risk of 
cardiovascular events (CVEs) (7, 8). Similarly, hepatic fibrosis has 
been linked to increased cardiovascular risk, potentially through its 
eects on vascular structure and function. 

The triglyceride-glucose (TyG) index is a simple, non-invasive, 
and inexpensive tool that can be used to estimate insulin resistance 

Abbreviations: PWH, people with HIV; CVE, cardiovascular event; HS, 
hepatic steatosis; IR, insulin resistance; TyG, trygliceride-glucose index; 
FIB-4, Fibrosis 4; MASLD, metabolic dysfunction–associated steatotic liver 
disease; ART, antiretroviral therapy. 

(IR), which is a hallmark of metabolic dysfunction–associated 
steatotic liver disease (MASLD) (9). It correlates well with the 
gold standard method of measuring IR, the hyperinsulinemic-
euglycemic clamp, and with hepatic steatosis (10). Therefore, the 
index can be a useful marker for identifying MASLD even in PWH 
(11–13). The risk of liver fibrosis in PWH can also be assessed 
using the non-invasive Fibrosis 4 (FIB-4) index, which has been 
validated in individuals with HIV-HCV coinfection and MASLD 
and is a reliable predictor of CVEs in this population (5, 14, 15). 
In 2022, Martínez-Urbistondo et al. (16) reported the ability of the 
combination of TyG and FIB-4 to predict major cardiovascular 
events in European patients aged >40 years, independently of 
classic cardiovascular risk factors. By incorporating both indices, 
the TyG index and the FIB-4 index, as markers of HS-IR and risk of 
fibrosis into the clinical management of PWH, healthcare providers 
can gain a more comprehensive understanding of patients’ 
metabolic and hepatic status, thus making it easier to identify those 
at increased risk of CVEs and guide the implementation of earlier 
interventions to improve overall health outcomes (17). 

The objective of this study was to evaluate whether markers of 
IR (TyG) and liver fibrosis risk (FIB-4 index), either alone or in 
combination, are associated with the incidence of cardiovascular 
disease in a prospective cohort of PWH and whether this 
association is independent of traditional cardiovascular risk factors. 

2 Materials and methods 

2.1 Study design and setting 

Ours was a retrospective observational study based on data 
collected prospectively from the Cohort of the Spanish AIDS 
Research Network (in Spanish, Cohorte de la red española 
de investigación en sida [CoRIS]), a multicenter prospective 
cohort of PWH aged ≥13 years from 47 participating centers 
in 13 of the 17 autonomous communities in Spain. More 
detailed information can be found in Sobrino-Vegas et al. 
(18). Patients were ART-naïve at study entry. The CoRIS 
database collects baseline and follow-up sociodemographic, 
immunological, and clinical data, HIV transmission category, 
history of ART, previous opportunistic diseases, specific 
non-AIDS diseases, and serological and immunovirological 
data. Since 2014, height and weight have been recorded 
regularly at recruitment; weight is also recorded at follow-
up visits. Data are organized and standardized following 
the HIV Cohorts Data Exchange Protocol (HICDEP) for 
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FIGURE 1 

Flow diagram showing patients included in the study and in the final analysis. The reasons for loss to follow-up are specified. 

data collection1 and adhere to internal strict annual quality 
controls. Patients are followed periodically according to routine 
clinical practice. 

2.2 Study participants 

On November 30, 2022, data from 19,352 PWH were registered 
in the CoRIS database. Of these, 7,286 met the inclusion criteria. 
For participants enrolled in the cohort, updated clinical and 
biological data were requested at 6 ± 2 months. Newly diagnosed 
cardiovascular comorbidities are specifically recorded following a 
well-defined protocol, according to the International Classification 
of Diseases Tenth Revision (ICD-10) (19). Losses to follow-up are 
shown in Figure 1. 

Participants were followed up from initiation of ART until 
diagnosis of a CVE, death, transfer to another follow-up center, 
or failure to attend scheduled visits. ART regimens, occurrence 
of non-AIDS events, concomitant medication, and laboratory 
parameters were assessed at baseline and at the 6-month visit. 
Each CoRIS participant provided his or her written informed 
consent prior to enrolling in this study. The CoRIS cohort was 
approved by the Research Ethics Committee of Gregorio Marañón 

1 https://hicdep.org/Wiki/v/12/pt/2 

Hospital. This study was approved by Ethics Committee of Hospital 
Universitario La Paz, Madrid, Spain (HULP: PI-3706). 

2.3 Inclusion and exclusion criteria 

To be eligible for this study, participants had to be PWH 
aged ≥18 years who initiated ART as of January 1, 2010 and had 
not been diagnosed with CVEs (defined as myocardial infarct, 
coronary disease, stroke, transient ischemic attack, peripheral 
arterial obstruction, and/or cardiovascular death). 

Patients with missing variables concerning the calculation of 
TyG or FIB-4 indices at baseline were excluded. 

2.4 Variables analyzed 

Sociodemographic, epidemiological, anthropometric, clinical, 
analytical, and therapeutic variables were analyzed before initiation 
of ART. The non-invasive TyG index {Ln [fasting triglycerides 
(mg/dL) × fasting glucose (mg/dL)]/2} was used to identify 
patients with HS-IR and a high probability of developing metabolic 
syndrome with a cut-o of >8.38 for HS-IR. Risk of liver fibrosis 
was assessed based on the FIB-4 index, with a cut-o of >1.3 as 
previously described (11, 20). 

The cardiovascular risk factors analyzed at baseline were 
smoking, arterial hypertension, diabetes, hypercholesterolemia 
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(total cholesterol >200 mg/dL), and treatments for arterial 
hypertension, diabetes, or dyslipidemia (therapy with statins 
and/or fibrates). Alcohol consumption was also analyzed based on 
standard drinks per week, with high-risk intake defined as >28 per 
week for men and >17 per week for women (21). 

2.5 Primary outcome measure 

The main outcome measure was a diagnosis of a CVE after 
initiation of ART made by the attending physician according to 
currently accepted definitions (19). 

2.6 Independent variables 

The covariates analyzed included sex at birth, age, baseline 
CD4 + T-cell count, months with HIV, prior AIDS-defining 
conditions, HCV coinfection, TyG and FIB-4 indices at baseline 
before initiation of antiretroviral treatment, and number of 
cardiovascular risk factors. 

2.7 Statistical analysis 

We reported the sociodemographic and clinical characteristics 
of the study population at initiation of ART using frequency tables 
for categorical variables and median and interquartile range for 
continuous variables. Groups were compared using the χ2 test and 
Fisher exact test (with the Freeman-Halton extension) in the case of 
categorical variables and the Mann-Whitney test or Kruskal-Wallis 
1-way ANOVA (with multiple pairwise comparisons) in the case of 
quantitative data. 

The incidence of new diagnoses of CVEs (per 1,000 person-
years) was calculated in the global cohort and in subgroups 
of patients with and without HS-IR and risk of fibrosis. The 
ability of the combination to predict CVEs was analyzed using 
multivariable analysis after adjusting for the independent variables 
highlighted in section 2.5. 

The association between independent variables and a diagnosis 
of CVE was studied using univariable and multivariable competing 
risk analysis (competing risk: death from non-cardiovascular 
causes). Factors with a p value < 0.1 and/or clinically relevant 
factors were included in the multivariable model. 

For all tests, a 2-sided p value < 0.05 was considered statistically 
significant. The analysis was performed using SPSS, Version 29.0 
(IBM Corp., Armonk, NY, USA). 

3 Results 

3.1 Study population 

The study population comprised 7,286 PWH, with a follow-
up of 39,124 person-years. At baseline, the median (IQR) age 
was 37 (30–45) years, 12.7% were female, 10.7% were in stage 
C3 according to the CDC classification, and the median nadir 

CD4 + lymphocyte count was 335/µL (200–471) (Table 1). The 
Supplementary material shows the baseline characteristics of the 
study population according to the values of the indices studied 
(TyG and FIB-4) (Supplementary material, A). Compared with 
individuals with normal values, those with TyG and/or FIB-4 above 
the cut-o had a median age of ≥36 years, were more severely 
ill before ART, and were more often HCV-infected. In addition, 
smoking, alcohol consumption, diabetes, hypertension, and higher 
cholesterol were more frequent. After correction for these factors, 
we are able to report the results set out below. 

3.2 Cardiovascular events 

We recorded 168 CVEs in 137 patients and 204 non-
cardiovascular deaths over a median follow-up period of 60.4 (95% 
CI, 59.0–62.0) months. We observed that, compared with non-
CVE patients, those who developed CVEs during follow-up were 
older at initiation of ART. They were also characterized by a lower 
mean nadir CD4 + lymphocyte count, a higher percentage of AIDS 
diagnoses, and a higher percentage of heterosexual relations as 
the route of transmission. Regarding metabolic parameters, the 
percentage of patients with arterial hypertension and diabetes was 
significantly higher at baseline (i.e., before initiation of ART) in 
participants who developed CVEs (Table 1). 

Of the 168 CVEs that occurred during follow-up, acute 
myocardial infarction (29.8%) and stroke (21.4%) were the most 
frequent. A total of 19 deaths secondary to the event (11.3%) were 
recorded, along with 7 additional deaths after the event due to 
non-cardiovascular causes. CVEs occurred after a median follow-
up of 37.6 months (95% CI, 28.4–57.7), with a significantly higher 
frequency from 2017 onward (128 vs. 40) (Figure 2). 

We described the baseline characteristics of 204 patients who 
died of non-cardiovascular causes during follow-up. The patients 
in this subgroup were older, with more advanced HIV infection and 
a lower educational level (Table 1). 

3.3 Impact of baseline TyG and FIB-4 on 
development of CVEs 

The global incidence of CVEs was 3.5/1,000 person-years (95% 
CI, 2.9–4.1). At baseline, before initiating ART, we identified 3629 
cases (55.8%) with HS-IR (TyG > 8.38) and 2199 cases (31%) with a 
risk of fibrosis (FIB-4 > 1.3). Both indices were elevated at baseline 
in 912 cases (12.5%) (Table 1). We found significant dierences in 
the incidence of CVEs with respect to baseline HS-IR and risk of 
fibrosis. The incidence of CVEs in persons with and without HS-
IR and risk of fibrosis was 10.6 (95% CI, 8.0–14.0) and 1.4 (95% 
CI, 0.8–2.2) per 1,000 person-years, respectively (p < 0.001). These 
values were 3.6 (95% CI, 2.7–4.7) for patients with TyG > 8.38 and 
FIB-4 < 1.3 and 3.1 (95% CI, 2.4-4.0), for patients with TyG > 8.38 
or FIB-4 > 1.3, respectively (p < 0.001) (Figure 3). 

The probability of experiencing a CVE during follow-up was 
significantly higher in PWH with elevated values in one index (TyG 
or FIB-4) or both indices than among those with normal indices. 
These dierences were more pronounced after 60 months of follow-
up (Figure 4). 
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TABLE 1 Baseline characteristics: total values and values by subgroup∗ . 

Variable Total N = 7286 No CVEs 
N = 7149 

CVEs or CV 
death N = 137 

Non-CV death 
N = 204 

p 

Female sex 928 (12.7) 882 (12.7) 19 (13.9) 27 (13.2) 0.899 

Age 36.9 (29.9−45.2) 36.5 (29.6−44.5)a 48.6 (39.6−58.3)b 48.3 (40−56.2)b <0.001 

Age >50 1070 (14.7) 917 (13.2)a 64 (46.7)b 89 (43.6)b <0.001 

Years with HIV infection 0.2 (0.1−1.1) 0.2 (0.1−1) 0.2 (0.1−2.6) 0.1 (0−2.8) 0.132 

Route of infection heterosexual; IDU; MSW; other 4930 (70); 263 

(4); 1799 (26); 
52 (1) 

4790 (71); 213 (3); 1679 

(25);a 46 (1) 
66 (50); 12 (9); 53 (40); 2 

(2)b 

74 (40); 38 (21); 67 (37); 
4b (2) 

<0.001 

Country of origin Spain 3720 (51.1) 3494 (50.3)a 83 (60.6)a,b 143 (70.1)b 

Europe 1393 (19.1) 1326 (19.1)a 32 (23.4)a 35 (17.2)a 

Latin America & Caribbean 1612 (22.1) 1583 (22.8)a 14 (10.2)b 15 (7.4)b 

North Africa 81 (1.1) 77 (1.1)a 2 (1.5)a 2 (1)a 

Sub-Saharan Africa 275 (3.8) 266 (3.8)a 5 (3.6)a 4 (2)a 

Other 57 (0.8) 54 (0.8)a 1 (0.7)a 2 (1)a 

Unspecified 148 (2) 145 (2.1)a 0 (0)a 3 (1.5)a <0.001 

Educational level Compulsory cycle 1952 (31.8) 1802 (30.8)a 63 (55.8)b 87 (54.7)b 

Non-compulsory Secondary 2110 (34.4) 2037 (34.8)a 27 (23.9)b 46 (28.9)a,b 

University/Higher 2067 (33.7) 2018 (34.5)a 23 (20.4)b 26 (16.4)b <0.001 

Nadir CD4 + cell count 335 (200−471) 341 (208−476)a 244 (100−417)b 166 (48−315)c <0.001 

Stage C3 AIDS 781 (10.7) 665 (9.6)a 27 (19.7)b 89 (43.6)c <0.001 

HCV coinfection 486 (6.8) 408 (6.0)a 23 (17.3)b 55 (27.6)b <0.001 

BMI 23.7 (21.6−26) 23.7 (21.6−26)a 25 (21.7−27.2)a,b 22.3 (20.1−26.9)b 0.028 

FIB-4 index 0.93 (0.64−1.45) 0.91 (0.63−1.41)a 1.34 (0.88−2.52)b 1.65 (1.04−3.06)b <0.001 

TyG index 8.43 (8.08−8.78) 8.43 (8.07−8.78)a 8.68 (8.38−8.99)b 8.55 (8.25−8.98)b <0.001 

HS-IR 3629 (55.8) 3411 (55)a 103 (78.6)b 115 (70.1)b <0.001 

Risk of fibrosis (FIB-4 ≥ 1.3) 2199 (31.0) 2003 (29.6)a 68 (49.6)b 128 (65.0)c <0.001 

HS-IR/risk of fibrosis No HS-IR or risk of fibrosis 2370 (32.5) 2327 (33.5)a 17 (12.4)b 26 (12.7)b 

HS-IR or risk of fibrosis 4004 (55.0) 3822 (55.0)a 69 (50.4)a 113 (55.4)a 

HS-IR and risk of fibrosis 912 (12.5) 796 (11.5)a 51 (37.2)b 65 (31.9)b <0.001 

Smokers (active and exsmokers <15 years) 2597 (54.2) 2457 (53.6)a 57 (72.2)b 83 (65.9)b <0.001 

High-risk alcohol intake** 125 (4.4) 106 (3.9)a 7 (17.1)b 12 (14.5)b <0.001 

Diabetes mellitus 185 (2.5) 155 (2.2)a 15 (10.9)b 15 (7.4)b <0.001 

Treatment with OAD agents 52 (28.1) 44 (28.4) 5 (33.3) 3 (20.0) 0.706 

Treatment with insulin 23 (12.4) 20 (12.9) 3 (20.0) 0 (0.0) 0.229 

Arterial hypertension*** 1206 (24.3) 1128 (23.6)a 43 (55.8)b 35 (31.8)a <0.001 

Concomitant cardiovascular medication 251 (3.4) 230 (3.3)a 15 (10.9)b 6 (2.9)b <0.001 

Total cholesterol > 200 mg/dL 1037 (14.9) 986 (14.8) 27 (22.1) 24 (13.7) 0.074 

CVRFs**** 0 1068 (21.3) 1051 (22.0)a 4 (4.3)b 13 (10.2)b 

1-2 3782 (75.5) 3600 (75.2)a 73 (78.5)a,b 109 (85.8)b 

≥ 3 156 (3.1) 135 (2.8)a 16 (17.2)b 5 (3.9)a <0.001 

First ART 2NRTI + 1NNRTI 1732 (23.8) 1628 (23.4)a 51 (37.2)b 53 (26)a,b 

2NRTI + 1IP 1213 (16.6) 1115 (16.1)a 33 (24.1)b 65 (31.9)b 

2NRTI + 1II 3649 (50.1) 3536 (50.9)a 39 (28.5)b 74 (36.3)b 

Other 692 (9.5) 666 (9.6)a 14 (10.2)a 12 (5.9)a <0.001 

(Continued) 
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TABLE 1 (Continued) 

Total N = 7286 No CVEs 
N = 7149 

CVEs or CV 
death N = 137 

Non-CV death 
N = 204 

p 

Duration of first ART, months 18.2 (7.1−34.2) 18.6 (7.5−34.7)a 15.6 (4.3−33.4)a 5.3 (1.4−19)b <0.001 

Total months of follow-up (including time after event) 61.7 (30.5−97.0) 62.2 (31.1−97.1)a 95.4 (61.4-121.4)b 20.5 (3.9−54.6)c <0.001 

Months to event 60.4 (29.8−95.8) 62.2 (31.1−97.1)a 37.6 (15.5−79.0)b 20.5 (3.9−54.6)c 0.000 

*Data are shown as median (IQR) or n (%). **Risky alcohol intake: Yes (≥17 standard per week if ♂; ≥28 standard per week if ♀) ***Arterial hypertension: Yes (SAP/DAP ≥ 140 and/or 
≥90 mmHg and/or diagnosis of arterial hypertension and/or no beta-blockers) ****CVRFs evaluated: smoking, arterial hypertension, total cholesterol >200 mg/dL, diabetes mellitus, and 
cardiovascular medication a, b, c: Proportions dier significantly with previous column(s) (p < 0.05). MSM, men who have sex with men; IDU, intravenous drug use; BMI, body mass index; 
TyG, triglyceride-index; FIB-4, Fibrosis 4; HS-IR, hepatic steatosis-insulin resistance; OAD, oral antidiabetic; CVRF, cardiovascular risk factor; ART, antiretroviral therapy; IQR, interquartile 
range; SAP, systolic arterial pressure; DAP, diastolic arterial pressure. 

FIGURE 2 

Cardiovascular events during follow-up shown by percentage and number. The most frequent CVEs during follow-up were acute myocardial 
infarction (29.8%) and stroke (21.4%). CVEs occurred after a median follow-up of 37.6 months. 

After adjusting for age, observation time, nadir CD4 + cell 
count, C3 AIDS stage, HCV coinfection, and number of 
cardiovascular risk factors, the only factor associated with CVEs 
was combination of HS-IR and risk of fibrosis (HR, 2.21; 95% CI, 
1.2–4.1; p < 0.01), whereas HS-IR or risk of fibrosis was not (HR, 
1.3; 95% CI, 0.75–2.27; p = 0.34) (Table 2). 

A sensitivity analysis restricted to the most severe CVE events, 
defined as fatal or non-fatal myocardial infarction or stroke 
revealed the same results as in the analysis of all the CVEs 
(Supplementary material, B). 

4 Discussion 

Our study highlights the association between HS-IR and risk 
of fibrosis and the increased risk of CVEs in PWH. We found 
that the prevalence of hepatic steatosis was higher than 50% 
and that the risk of hepatic fibrosis was higher than 30% at 

diagnosis of HIV, before initiation of ART, thus highlighting the 
importance of the infection itself in these conditions. Moreover, 
PWH with TyG > 8.38 and FIB-4 > 1.3 at diagnosis of HIV 
had more than double the risk of a CVE during follow-up. This 
risk was independent of classic cardiovascular risk factors, age, 
AIDS stage, and time with HIV. Therefore, the markers assessed 
are of considerable use in clinical practice, in addition to being 
inexpensive and easily applied in the diagnosis of HIV. 

Our results are consistent with those of previous studies 
emphasizing the heightened cardiovascular risk in PWH, although 
we also contribute novel insights. We observed an incidence 
rate of 3.5 CVEs per 1,000 person-years, consistent with prior 
findings that underscore the heightened cardiovascular risk in 
this population (1). Furthermore, individuals with both HS-IR 
and a risk of fibrosis exhibited a significantly higher incidence of 
CVEs (10.6 per 1,000 person-years). Interestingly, in a European 
cohort of non-PWH, Martinez-Urbistondo et al. (16) demonstrated 
that the combined presence of elevated FIB-4 (suggesting liver 
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FIGURE 3 

Global incidence of cardiovascular events in person-years with the 95% confidence interval. The figure shows the impact of baseline TyG and FIB-4 
on development of CVEs. The differences in the incidence of CVEs with respect to baseline HS-IR and risk of fibrosis were significant. TyG > 8.38: 
Hepatic steatosis-insulin resistance FIB4 > 1.3: Risk of liver fibrosis. 

FIGURE 4 

Probability of experiencing a cardiovascular event during follow-up. Survival analysis. The probability of experiencing a CVE during follow-up was 
significantly higher in PWH with elevated values in one index (TyG or FIB-4) or both indices than among those with normal indices. These 
differences were more pronounced after 60 months of follow-up. TyG > 8.38: Hepatic steatosis-insulin resistance. FIB4 > 1.3: Risk of liver fibrosis. 
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TABLE 2 Competing risk regression analysis of factors associated with cardiovascular events.a 

Variable Univariable HR (95%CI); p value Multivariable HR (95%CI); p value 

Age 1.08 (1.06−1.09); <0.001 1.06 (1.04−1.07); <0.001 

Female sex 1.1 (0.68−1.78); 0.71 — 

Years with HIV infection 1.04 (1.01−1.08); 0.018 1.01 (0.98−1.05); 0.4 

Nadir CD4 + cell count <200 2.22 (1.58−3.12); <0.001 1.5 (1−2.24); 0.051 

Stage 3 AIDS 2.02 (1.32−3.08); 0.001 1.04 (0.64−1.7); 0.88 

HCV 2.4 (1.53−3.75); <0.001 1.66 (0.98−2.8); 0.061 

CVRFb 

1−2 CVRFs vs. none 4.5 (1.64−12.3); 0.004 3.17 (1.16−8.641); 0.024 

≥3 CVRFs vs. none 24.9 (8.3−75); <0.001 8.93 (2.86−27.9); <0.001 

TyG > 8.38 2.84 (1.87−4.31); <0.001 — 

FIB4 > 1.3 2.01 (1.44−2.81); <0.001 — 

TyG > 8.38 OR FIB4 > 1.3 2.27 (1.33−3.87); 0.003 1.3 (0.75−2.27); 0.34 

TyG > 8.38 AND FIB4 > 1.3 7.34 (4.24−12.7); <0.001 2.21 (1.2−4.1); 0.01 

aCompeting risk: non-CV death bCVRF evaluated: smoking, AHT, TC > 200, DM, and cardiovascular medication. 

fibrosis) and TyG (reflecting IR) significantly increased the risk 
of major adverse cardiovascular events, independently of classic 
cardiovascular risk factors. Similarly, in a Chinese cohort of PWH, 
Luo et al. (22) identified a significant association between higher 
baseline TyG index and risk of cardiovascular disease, despite not 
evaluating liver fibrosis. These findings strengthen evidence that 
a combination of both metabolic and hepatic markers provides 
a more comprehensive assessment of cardiovascular risk in both 
PWH and non-PWH. 

Wong et al. (3) investigated cardiovascular outcomes in 
veterans with MASLD and HIV, finding a higher incidence 
of major adverse cardiovascular events than in patients with 
MASLD alone. This suggests that HIV itself would exacerbate 
cardiovascular risk in patients with concurrent metabolic liver 
disease. Furthermore, a meta-analysis by Zhu et al. (23) confirmed 
an elevated cardiovascular risk in PWH, with a higher prevalence 
of dyslipidemia, coronary artery disease, and cerebrovascular 
events than in the general population. In our study, we evaluated 
cardiovascular risk as a combination of hypertension, smoking, 
dyslipidemia, and diabetes and found that only 20% of patients did 
not have a cardiovascular risk factor, with most patients having 
1 or 2 risk factors. Therefore, we categorized the number of 
risk factors as 1-2 vs. 3 or more to enable adjustment in the 
multivariable analysis. Our findings demonstrated that, while these 
factors play a significant role in the occurrence of CVE, the presence 
of HS-IR with risk of fibrosis independently added a more than 2-
fold increased risk. These findings underscore the need to adapt 
cardiovascular risk prediction models to better reflect the unique 
metabolic challenges faced by PWH. 

Recent studies have explored the prevalence of hepatic steatosis 
and fibrosis in PWH receiving stable ART and diagnosed using 
transient elastography (24–26). The authors report high prevalence, 
especially in persons with overweight and obesity and in those 
with DM2. Lin et al. (24) found that MASLD was independently 
associated with an altered advanced lipoprotein profile and an 
increase in the levels of the metabolites associated with insulin 
resistance in the liver, pointing to a greater cardiovascular risk in 

this population. Furthermore, van Eekeren et al. (25) performed 
a separate analysis of lean PWH with MASLD and found that 
this subgroup seems to have a greater incidence of CVEs and 
metabolomic and lipoproteomic perturbations. In our opinion, 
the results of these studies, which show potential mechanisms 
underlying the increased risk of CVEs in PWLH and MASLD, 
highlight the importance of identifying aected patients early. Of 
those participants who developed CVEs based on IR/FIB-4 only 
one third of patients had overweight or obesity and 2.5% had 
diabetes, thus highlighting the importance of other, underlying 
mechanisms that are independent of the classical risk factors for 
MASLD. Consequently, the universally available TyG and FIB-4 
indices gain considerable relevance owing to their easy applicability 
and low cost compared with transient elastography. Of note, the 
TyG index has also been widely used to identify persons with 
insulin resistance, making it doubly useful. 

An important distinction of our study is the relatively 
young age of the cohort (mean age, 37 years) compared to 
the older populations analyzed in previous studies, such as 
the veteran cohort in the study by Wong et al. (3) and the 
European cohort in Martinez-Urbistondo et al. (16). Despite 
their young age, we found that this population had a high 
prevalence of cardiovascular risk factors and MASLD. This 
observation suggests that metabolic and hepatic markers 
may play a crucial role in identifying cardiovascular risk 
at earlier stages, even in younger populations. The impact 
of age on cardiovascular risk stratification warrants further 
investigation, as younger individuals with HS-IR and risk of 
fibrosis may represent a particularly high-risk group requiring 
earlier intervention strategies. In line with this, the CARDIA 
study by Xu et al. (26) demonstrated that a high TyG index 
in young adulthood is associated with an increased risk 
of cardiovascular disease and mortality in later life, thus 
emphasizing the long-term prognostic value of this marker. 
The probability of experiencing a CVE during follow-up 
was significantly higher in PWH with elevated values in one 
index (TyG or FIB-4) or both indices than among those with 
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normal indices. These dierences were more pronounced 
after 60 months of follow-up. Therefore, evaluation of HS-
IR and risk of fibrosis based on TyG and FIB-4 in clinical 
practice constitutes a cost-eective approach that could 
enhance cardiovascular risk stratification and complement 
further research in this field. Moreover, these indices are easily 
derived from standard laboratory tests, making them feasible 
for widespread implementation in diverse healthcare settings, 
including resource-limited environments, where advanced 
cardiovascular risk assessments may not be readily available. 
By identifying high-risk individuals using TyG and FIB-
4, targeted interventions could be implemented to mitigate 
cardiovascular risk. These would include lifestyle modifications 
such as personalized dietary and exercise interventions 
aimed at improving metabolic health. Pharmacological 
strategies, including the use of insulin-sensitizing agents (e.g., 
metformin) and lipid-lowering therapies (e.g., statins), could be 
considered for persons with persistently elevated risk markers. 
Furthermore, in individuals with evidence of hepatic fibrosis, 
hepatoprotective strategies such as weight management, avoidance 
of hepatotoxic agents, and potential antifibrotic therapies 
may be warranted. 

4.1 Study limitations 

Despite the strengths of our study, certain limitations should 
be acknowledged. First, while TyG and FIB-4 are widely used 
as surrogate markers, their accuracy and predictive value may 
vary across dierent subgroups of PWH, particularly those 
with coexisting metabolic conditions or diering levels of 
liver disease progression. Additionally, our study population 
may not fully represent the broader PWH community, thus 
limiting the generalizability of our findings. Notably, our cohort 
included a relatively low proportion of women, which may 
influence the applicability of our findings to female PWH. 
This is particularly relevant given that Luo et al. (22) found 
sex-specific dierences in the association between the TyG 
index and cardiovascular disease, namely, a potentially greater 
predictive value in women. Future studies should explore 
sex-based dierences further to ensure more tailored risk 
assessment strategies. 

Another potential limitation is the observational nature 
of our study, which precludes causal inference. While our 
results suggest a strong association between these biomarkers 
and cardiovascular risk, unmeasured confounders such as 
diet, physical activity, and genetic predisposition could have 
influenced outcomes. Furthermore, the use of non-invasive 
surrogate markers rather than liver biopsy or imaging 
studies may introduce some degree of misclassification in the 
assessment of fibrosis. 

A relevant baseline imbalance in cardiovascular risk 
factors remained only partially corrected, since covariates 
were not analyzed separately. This raises the possibility 
of residual confounding. Moreover, the absence of data 
to contrast our findings with validated prediction models 
(e.g., SCORE2) precludes determination of their added 
predictive value. Nevertheless, the persistence of the adjusted 

HR (2.2) for the combination of elevated TyG and FIB-
4 highlights the need for further research, particularly 
given the feasibility of incorporating these markers in 
routine practice. 

Furthermore, additional metabolic and inflammatory 
biomarkers should be explored to further refine cardiovascular 
risk stratification in PWH. Integrating longitudinal assessments 
of HS-IR and risk of fibrosis may also provide more dynamic 
insights into progression of cardiovascular risk. Our data provide 
the rationale for follow-up studies to assess whether current risk 
prediction based on classical cardiovascular risk factors can be 
enhanced by incorporating indices such as these in PWH. 

5 Conclusion 

Our study supports the growing body of evidence that 
HS, IR, and liver fibrosis increase cardiovascular risk in PWH. 
Incorporating markers such as TyG and FIB-4 into clinical practice 
could enhance risk stratification, enabling early interventions 
to mitigate cardiovascular morbidity and mortality in this 
vulnerable population. 
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