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Background: The increased life expectancy of people living with HIV (PLWHIV),
due to the effectiveness of antiretroviral therapy, has been associated with a
higher incidence of metabolic disorders such as dyslipidemia, insulin resistance,
and adipose tissue redistribution. It has been demonstrated that the secretion of
adipokines, particularly adiponectin, a key hormone in the regulation of
inflammation and metabolism, is altered by these changes. This study it is
intended to evaluate the HOMA-AD index and its correlations with metabolic,
inflammatory, and obesity-related parameters.

Methods: Eighty participants were divided into five groups (PLWHIV, PLWHIV
+preT2D, PLWHIV+T2D, PWT2D, and Controls). Clinical history, anthropometric
data, and blood samples were collected to assess biochemical parameters.
Adiponectin, hs-CRP, IL-6, IL-18, and IL-8 levels were quantified by ELISA.
HOMA2-IR, HOMA2-%B, HOMA2-%S, HOMA-AD, and surrogate IR indices
(TyG, TyG-BMI, TyG-WHtR, METS-IR, QUICKI) were calculated. Adiposity
indices (VAI, DAI) and inflammatory markers (TG/HDL-C, NEU/HDL-C, MON/
HDL, PLT/HDL, NLR, PLR) were also evaluated. Analyses were performed using
IBM SPSS, GraphPad Prism, and RStudio.

Results: The discrimination of T2D in PLWHIV was effectively achieved by the
indices HOMA-AD, TyG-WHtR, QUICKI, and METS-IR, with AUC values reaching
up to 0.9. Moderate correlations were identified between HOMA-AD and METS-
IR (R =0.58), TyG-WHTtR (R = 0.53), QUICKI (R = -0.90), DAI (R = 0.45), and VAI (R
= 0.44), as well as inflammatory markers hs-CRP (R = 0.30), IL-6 (R = 0.25), and
IL-18 (R = 0.27). A cutoff point of HOMA-AD >1 was associated with a significantly
increased risk for T2D in PLWHIV (OR = 15.4; 95% Cl: 2.79-79.5), x (OR = 1.97),
and non-HIV T2D populations (OR = 9.53). These results highlight the
importance of HOMA-AD and inflammatory markers in glycemic
risk stratification.
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Conclusions: Our study demonstrates that the HOMA-AD index improves T2D
detection in PLWHIV, likely due to its strong association with insulin resistance,
systemic inflammation, and adiposity. It emerges as a promising tool to evaluate
metabolic and inflammatory status in this population.

HOMA-AD, insulin-resistance, chronic-inflammation, HIV, T2D

1 Introduction

An increasing incidence of non-communicable diseases (NCDs)
has been observed globally among people living with HIV
(PLWHIV), attributable in part to the prolonged longevity and
efficacy of antiretroviral therapy (ART) (1). The introduction of
highly effective ART has led to a rising burden of comorbidities,
particularly metabolic disorders. These include dyslipidemia,
insulin resistance (IR), altered glucose metabolism, and changes
in adipose tissue (AT) distribution (2, 3). These metabolic
disturbances affect AT distribution, including adipocyte size and
lipid content. They also influence the number and type of immune
cells in AT and the secretion of adipokines (3).

Evidence indicates that HIV generates persistent immune
activation and chronic inflammation, leading to increased
metabolic complications and organ damage. ART-related
metabolic effects, together with common risk factors such as
smoking, alcohol use, diet, physical activity, and age contribute to
metabolic disorders development (1).

In PLWHIV it has been reported a prevalence of IR or T2D of
46%, with an incidence of 1.2/100 patients-years (4), and in relation
to gender through HOMA-IR the rate varies little with 57.5% for
women and 47.3% for men (5). In HIV context, IR prevalence seem
to be predominant among patients on ART, however this condition
appears to be independent of the ART, but if associated with
obesity (6).

IR is associated with a wide spectrum of metabolic conditions
such as T2D, metabolic syndrome (MetS) and its complications
such as cardiovascular diseases (1).The proportion of people
starting integrase inhibitor-based therapies (INSTIs) has increased
since 2007. Patients starting INSTIs based therapies, compared
those on other regimens, show greater weight gain and a 31%
higher risk of developing new-onset diabetes and hyperglycemia,
especially during the first 6 months. However, these findings are
also replicated in people whose regimens are optimized toward one
containing integrase inhibitors (7-9).

Adiponectin (AD) is one of the main circulating adipokines,
which also play a role in regulating metabolism and immune
function. AT contains adipocytes and immune cells that produce
proinflammatory cytokines and respond to immunological signals.
Inflammation is associated with metabolic stress resulting from
excessive adipocyte growth due to overnutrition and external
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factors such as lipopolysaccharides, these stimuli activate local
cytokine production, leading to AT remodeling and IR (10).

Some adipokines, such as AD, reduce the risk of cardiovascular
disease by regulating glucose and lipid metabolism through
reducing inflammation and oxidative stress (11). The glucose
regulation generated by AD suggests that it is an insulin-
sensitizing adipokine that may converge with insulin in some
signaling pathways (11).

As an insulin-sensitizing adipokine, AD mainly acts in the liver
and skeletal muscle. First, it increases lipoprotein lipase activity in
white AT, enhancing triglyceride uptake and reducing triglyceride
storage in the liver and muscle. Second, it promotes fatty acid
oxidation in skeletal muscle. Both effects can reduce ectopic lipid
storage in the liver and muscle, reversing lipid-induced IR (11). AD
is the most abundant protein secreted by AT and exhibits potent
anti-inflammatory properties. In contrast to other adipokines, AD
levels decrease in the presence of proinflammatory factors, such as
TNEF-0, IL-6, reactive oxygen species, and hypoxia in animal models
of obesity and IR (10, 12).

Currently, there is a growing focus on rapidly and easily
identifying IR. This approach avoids costly, invasive, and
technically complex methods, such as the euglycemic-
hyperinsulinemic clamp (13). In this context, several surrogate
indices have been developed that incorporate, in addition to
glucose and insulin, anthropometric parameters (e.g, BMI and
waist circumference) and components of the lipid profile (e.g.,
triglycerides and HDL-C) (14). These approaches enable a more
comprehensive assessment of metabolic status, offering advantages
in clinical practicality, accessibility, and acceptable correlation with
the clamp method (15).

Inflammation and IR are closely linked in particular in context
of obesity and T2D. Some indices are also useful for evaluating
systemic inflammation. Ratios such as TG/HDL-C, NEU/HDL-C,
MON/HDL-C, PLT/HDL-C, and the neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR), are linked
not only to metabolic disturbances but also to inflammatory
biomarkers, including IL-6, IL-8, IL-18, and high-sensitivity C-
reactive protein (hs-CRP) (16, 17). Their functionality positions
these indices as accessible and clinically relevant tools that may
enable an integrated evaluation of metabolic and inflammatory
status, contributing to improved patient stratification and
monitoring (18, 19).
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One of the surrogate indices that integrates both metabolic and
inflammatory components is the HOMA-AD (Homeostasis Model
Assessment-Adiponectin), first introduced in 2014. HOMA-AD
modifies the original HOMA-IR formula by adding circulating AD
levels, a key adipokine with anti-inflammatory and insulin-
sensitizing effects (20). HOMA-AD has been primarily used to
assess IR in both adult and pediatric populations with obesity, MetS,
or T2D, demonstrating stronger correlations with the euglycemic-
hyperinsulinemic clamp method compared to traditional indices
(21, 22).

HOMA-AD is also linked to systemic inflammatory markers,
including IL-6 and hs-CRP (23, 24), and to other composite indices
of IR and inflammation. These findings suggest that HOMA-AD is
a valuable biomarker for simultaneously assessment of metabolic
dysfunction and low-grade inflammation in diverse
clinical contexts.

Recent studies indicate that HOMA-AD may surpass
traditional indices such as HOMAI1-IR by incorporating
adiponectin, thereby reflecting both IR and low-grade
inflammation. In adults, HOMA-AD demonstrated stronger
correlations with hyperglycemic clamp measurements and higher
AUGC:s for identifying IR and MetS, with an optimal cutoff of 0.95,
highlighting its potential utility in clinical and research settings (22).

HOMA-AD has demonstrated clinically relevant cut-off values
for detecting IR and MetS. In adults, the index showed an AUC of
0.846 with an optimal cut-off of >6.26, sensitivity of 68.14%, and
specificity of 85.33%. In obese adolescents, HOMA-AD cut-offs
were 20.37 for IR (sensitivity 74.17%, specificity 84.85%) and >0.43
for MetS (sensitivity 71.52%, specificity 59.60%). These thresholds
may guide early detection, risk stratification, and intervention
strategies, including among PLWHIV (25, 26).

However, despite its clinical relevance, the utility of HOMA-AD
in PLWHIV has not been thoroughly explored, and to our
knowledge, this is the first study to evaluate HOMA-AD in this
population. Because chronic inflammation, dysregulated adipokine
secretion, and metabolic dysfunction converge in PLWHIV, the
assessment of HOMA-AD may offer valuable insights into the
mechanisms underlying the development of T2D in this
population. Therefore, the aim of this study is to investigate the
associations between HOMA-AD, surrogate indices of IR and
inflammation, and the risk of T2D in PLWHIV.

2 Materials and methods
2.1 Study population and ethical statement

This cross-sectional study was conducted at the HIV and
Immunodeficiencies Research Institute (InIVIH) of the University
of Guadalajara, in Guadalajara, Jalisco, Mexico. The study adhered
to the ethical principles for medical research involving human
subjects as outlined in the 1975 Declaration of Helsinki (revised
in Brazil, 2013) and was approved by the Research Ethics
Committee of the Hospital Civil de Guadalajara “Fray Antonio
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Alcalde” (HCG-FAA), registration number 138/22; HCG/CEI/
0884/22 and as well as by the Research, Ethics, and Biosafety
Committees of the University Center of Health Sciences at the
University of Guadalajara, registration number 20-39; CI-07720;
CUCS/CINV/0220/20. Written informed consent was obtained
from all participants prior to their inclusion in the study.

2.2 Study design and patient selection

A total of 80 adult participants were included, distributed into
five distinct groups of 16 participants each. PLWHIV were recruited
of the HCG-FAA HIV Unit. Specifically, for PLWHIV the inclusion
criteria were adults aged 18 to <65 years, on antiretroviral therapy
(ART), with at least 1.5 years of undetectable HIV viral load, and
CD4" T-cell count >300 cells/puL. Additionally, all eligible
participants were classified according to their glycemic condition
determined by the guidelines of the American Diabetes Association
(ADA) (27): PLWHIV in normoglycemia (PLWHIV), PLWHIV
with prediabetes (PLWHIV+preT2D), PLWHIV with type 2
diabetes (PLWHIV+T2D); in addition, from the general
population, people living with type 2 diabetes (PLWT2D) and
control group in normoglycemia, were included.

2.3 Serological status and clinical
characteristics

Viral load and CD4+ T-cell count were performed with Roche
AmpliPrep/COBAS® TaqMan® HIV-1 Test platform and FACS
Calibur platform (BD, Indianapolis); respectively. Clinical
characteristics of PLWHIV were validated in the electronic
medical record (SMART HIV database) of the HCG-FAA HIV
Unit. In the case of PLWT2D and control group, glycemic
conditions were validated through the evaluation of fasting
glucose and insulin, performed in the HCG-FAA
Central Laboratory.

2.4 Data collection and laboratory
assessment

A complete medical history was obtained to gather
demographic data, as well as non-pathological and pathological
antecedents. Subsequently, anthropometric measurements were
taken to determine weight, height, body mass index (BMI), waist
circumference, hip circumference, and waist-to-hip ratio (WHR).
Briefly, waist circumference was measured at the midpoint between
the lower margin of the last palpable rib and the iliac crest, and hip
circumference at the widest portion of the buttocks, according to
WHO recommendations (28).

Blood samples were collected from fasting patients, and sent to
the Central Laboratory of HCG-FAA for determination of
hematological, lipid, and glycemic profiles; or processed to obtain
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serum. Briefly, the whole blood was left to rest for 20 min and then
centrifuged at 1800 rpm/7 min to obtain serum, which was
aliquoted and stored at -80 °C until use.

2.5 Measurement of AD and inflammatory
cytokines

The determinations of AD and cytokines were performed using
commercial kits. AD.

was quantified using the Human Adiponectin ELISA Kit (Cat.
No. KHP0041, Invitrogen, Brazil). Interleukin-6 (IL-6) was
measured with the Human IL-6 ELISA Kit High Sensitivity (Cat.
No. ab46042, Abcam, Cambridge). For hs-CRP, the CRP, HS (C-
Reactive Protein) ELISA Kit (Cat. No. EIA-3954, DRG, Germany)
was used. IL-8 and IL-18 were measured using the LEGENDpleXTM
Human Inflammation Panel 1, capture beads B2 and B6 (Cat. No.
740809, BioLegend, Inc., San Diego, CA, USA).

Determinations of AD and cytokines were performed strictly
according to the manufacturers’ instructions, using validated
standard curves for data interpolation, ensuring measurement
consistency and reliability. For ELISAs assays, the absorbances
were read using the Biotek Synergy H1 microplate reader at the
specific wavelength indicated for each analyte. The obtained optical
densities (OD) were analyzed and converted into concentrations,
expressed in pg/mL or ng/mL, as per the manufacturer’s
instructions for each kit used. For flow cytometry assay, data were
acquired in an Attune Acoustic Focusing Cytometer (Life
Technologies, Carlsbad, CA, USA). More than 2,000 events for
each analyte were acquired. The files were analyzed using
LEGENDpIexTM QOGNIT virtual software (BioLegend, Inc., San
Diego, CA, USA). Values are expressed in pg/mL.

2.6 Calculation of HOMA-AD and surrogate
indices of insulin resistance

Each of the indices was calculated using their respective
equations, which are presented below. Additionally, the
evaluation of the Homeostasis Model Assessment 2 for IR
(HOMA-2IR), the Homeostasis Model Assessment 2 for [-cell
Function (HOMA-2B), and HOMA2-S was performed using the
HOMA calculator version 2.2.3 provided by the Radcliffe
Department of Medicine, University of Oxford.

[fasting glucose (mmol /L) x Fasting insulin(mU/L)|
[22.5x AD (g/mL)]
TyG —In ([fasting TG (mg/dL) x ansting glucose (mg/dL)]) )

HOMA - AD =

TyG - BMI = TyG x BMI

Waist
TyG - WHIR = TyG x ( aist (em) 100)

Height (m)
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In (]2 x fasting glucose (mg/dL)] + TG(mg/dL))xBMI

METS - IR =
S-IR In(HDL - C)

1
[log (Fasting insulin (u=%)) + log(fasting glucose (5£))]

Waist (cm) TG (el ) 1.52
Women VAI = * * ;
36.58 + (1.89xBMI) 0.81 HDL - C (mmel)

i TG mmol .
Men VAI = Waist (cm) ) (5F%) ) 1.31
39.68 + (1.88«BMI) 1.03 HDL - C( mrfol )
Waist (cm)

TG (™pel) 1.19
Men DAI = " " 1
22.79 + (2.68+BMI) 1.37 HDL - C (mmel)

Women DAI
Waist (cm) TG (mmel) 1.43
= . .
24.02 + (2.37«BMI) 1.32 HDL-C (%01)

TG (mg/dL)

QUICKI =

TG/HDL-C=———"7—7—
/ HDL - C (mg/dL)
NEU/HDL - C = Neutrophil count
" HDL - C (mg/dL)
Monocyte count
MON/HDL-C= —————
HDL - C (mg/dL)
Platel
PLT/HDL - C = atelet count

HDL - C (mg/dL)

_ Neutrophil count
~ Lymphocyte count

_ Platelet count
 Lymphocyte count

2.7 Statistical analysis

A descriptive analysis was conducted to characterize the study
population, using measures of central tendency (mean or median)
and dispersion (standard deviation or interquartile ranges) for
quantitative variables. For qualitative variables, results were
expressed as frequencies and percentages. Comparisons between
groups were performed using ANOVA or the Kruskal-Wallis test,
with post hoc analysis conducted using Tukey or Dunn tests,
depending on the data distribution. For qualitative variables, the
chi-square test (y*) was employed. Additionally, receiver operating
characteristic (ROC) curve analyses were performed for each
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surrogate index of IR, and optimal cutoft points were determined
using the Youden index. Correlations between HOMA-AD and the
selected variables were assessed using Spearman’s rank correlation
test. Odds ratios (ORs) were estimated through contingency tables,
applying either Fisher’s exact test or the chi-square test (}?),
depending on the expected cell counts. All statistical analyses
were performed using IBM SPSS Statistics (version 29.0.2.0) and
GraphPad Prism (version 10.3.0), Statistical significance level was
set at p < 0.05.

10.3389/fendo.2025.1669148

3 Results

A total of 80 subjects were included and distributed across five
study groups, with 16 participants to each group based on their
serological status for HIV and glycemic condition. Sociodemographic
characteristics, healthy habits and anthropometric profile were
primarily described in Table 1.

A statistically significant difference in age was identified, with
higher median values observed in the PLWHIV+T2D (50 years)

TABLE 1 Sociodemographic characteristics, healthy habits and anthropometric profile of study groups.

PLWHIV
(n=16)

PLWHIV+preT2D

(n=16)

PLWHIV+T2D

PLWT2D
(GENS)]

Control

(n=16) P value

(n=16)

Sociodemographic and healthy habits

36.5 49 50 56.5 44.5
Age (years)
(22 - 63) (25-64) (31-56) (30-68) (25-71) 0.01
Gender %
Male 12 (75) 16 (100) 14 (87.5) 9 (56.25) 8 (50)
Female 4(25) - 2 (12.5) 7 (43.75) 8 (50) 0.001
Smoking%
Negative 12 (75) 11 (68.75) 14 (87.5) 13 (81.25) 12 (75)
positive 4 (25) 5(31.25) 2 (12.5) 3 (18.75) 4 (25) 0.76
AU %
Negative 6 (37.5) 7 (43.75) 4 (25) 7 (43.75) 5(31.25)
Low risk 6 (37.5) 9 (56.25) 9 (56.25) 8 (50) 9 (56.25)
High risk 4 (25) - 3 (18.75) 1 (6.25) 2 (12.5) 0.54
PA level %
Null 7 (43.75) 8 (50) 11 (68.75) 7 (43.75) 8 (50)
Mild 5 (31.25) 3 (18.75) 2 (12.5) 5 (31.25) 4(25)
Moderate 4 (25) 4 (25) 3 (18.75) 4 (25) 4 (25)
Intense - 1 (6.25) - - - 0.84
Anthropometric profile
Weight (Kg) 69.3 +9 73.4 + 15.6 84.9 +17.9 80 + 12.8 76 + 15.6 0.031
Height (m) (1.51 .—711.8) (1.61;71.9) (1.51A-7 l1.8) (1.51.—691.8) (1‘51.-671.9) 07
BMI (Kg/ 24.5 24.7 28.4 29.4 26.2
m?) (19 - 32) (19 - 40) (21 - 39) (21 -37) (20 - 40) 0.007
Waist (cm) 85+ 8.7 90 + 15.3 96.5 + 7.1 95.9 + 11 89 +12.7 0.007
Hip (cm) 97 101 101 103 102
(85 - 120) (85 - 109) (91 - 113) (90 - 119) (80 - 123) 0.077
WHR (0.2 .? 1) (0.80;91.3) 0.8 i 1.1) (0.2 .? 1) (0.70;90.9) 0.003

AU, Alcohol Use; PA, Physical Activity; BMI, Body Mass Index; WHR, Waist-to-Hip Ratio. The table presents measures of central tendency and dispersion. Quantitative variables with a normal
distribution are reported as mean with standard deviation, while quantitative variables with a non-normal distribution are presented as median with minimum and maximum values. Qualitative
variables are reported as frequency and percentage. Statistical tests used include ANOVA and Kruskal-Wallis for quantitative variables, and Chi-square ()?) for qualitative variables. A p-value of

<0.05 was considered statistically significant.
The values in bold indicates statistical significance.
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and PLWT2D (56.5 years) groups compared to the remaining
groups (p = 0.01). Regarding sex distribution, a statistically
significant difference was observed (p = 0.001), a predominance
of the male gender was observed in all groups except for the control
group, in which an equal distribution of males and females (50%
each) was recorded.

With respect to smoking status, no statistically significant
differences were detected among groups (p = 0.76); however, the
highest proportion of current smokers was noted in the PLWHIV
+preT2D group (31.25%). Concerning alcohol use, no statistically
significant differences were found (p = 0.54). The PLWHIV group
exhibited the highest frequency of high-risk alcohol consumption
(25%), whereas the PLWT2D group presented the lowest (6.25%).
Regarding physical activity, 51.2% of the total sample reported no
engagement in any physical activity, while the remaining 48.8%
participated in moderate to intense physical activity. Although no
statistically significant differences were observed among the groups
(p = 0.84), only three individuals (18.75%) in the PLWHIV+T2D
group reported moderate activity, and a single participant (6.25%)
in the PLWHIV group reported intense physical activity.

In relation to anthropometric profiles, statistically significant
differences were found in body weight (p = 0.031), with the highest
values recorded in the PLWHIV+T2D group (84.9 = 17.9 kg).
Significant differences were also observed in body mass index (BMI)
(p = 0.007), waist circumference (p = 0.007), and waist-to-hip ratio
(WHR) (p = 0.003), all of which were elevated in the groups with
type 2 diabetes. No significant differences were found in height (p =
0.70) or hip circumference (p = 0.077) (Table 1).

IR contributes to the metabolic alterations observed in HIV-
infected patients; additionally, AD is a hormone that plays an
important role in insulin sensitivity, a condition that should be
primarily detected in PLWHIV, since these individuals are at high
risk for metabolic diseases such as T2D. In this regard, it was
deemed essential to describe their clinical characteristics to
adequately contextualize the metabolic and immunological
findings. Important variables related to HIV infection were
assessed and are shown in Table 2, included time since HIV
diagnosis, current ART regimen, viral load, current CD4" T cell
count, and CD4" T nadir as a marker of immune reconstitution.

Statistically significant differences were identified in HIV
diagnosis time (p = 0.008), with higher median values observed in
the PLWHIV+preT2D (11 years) and PLWHIV+T2D (9.5 years)
groups, compared to the PLWHIV group (3 years). A similar
pattern was observed for time on ART, which also differed
significantly among the groups (p = 0.009).

Biktarvy® was the predominant regimen across all groups,
being used by 100% of participants in the PLWHIV group, and
by 93.8% in both the PLWHIV+preT2D and PLWHIV+T2D
groups. The remaining participants were treated with Atripla® (n
= 1, PLWHIV+preT2D) or Truvada® + ATV/r (n = 1, PLWHIV
+T2D). No statistically significant differences were observed in viral
load levels (p = 0.28), with medians ranging between 20 and 34.5
copies/mL, consistent with virologic suppression. Similarly, no
significant differences were found in current CD4" T cell counts
(p = 0.73), with median values ranging from 535 to 591 cells/uL.
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TABLE 2 Clinical and treatment characteristics of PLWHIV.

PLWHIV PLWHIV
PLWHIV > >
(n=16) +preT2D +T2D
(n=16) (n=16)
HIV
diagnostic 3 1 95 0.008
1ag (1-19) (1-37) (2 -23) !
time
Current ART
Biktarvy® 16 (100) 15 (93.8) 15 (93.8)
Atripla® - 1(6.2) - NA
Truvada® + - 1(6.2)
ATV/r
Time on ART 3 10.5 9.5 0.009
(years) (1-19) (1 -20) (2-23) :
Viral load 31 20 345 028
(copies/mL) (20 - 40) (19 - 40) (19 - 46) ’
CD4" T cell 535 591 586
(cells/uL) (250 - (301 - 1,117) (328 - 1151) 073
1,310) ’

Nadir CD4” 237 194 404
ELC;H (cells/ (15 - 829) (11 - 778) (10 - 2,181) 0.08

DX, Diagnosis; ART, Antiretroviral Therapy; ATV/r, Atazanavir/ritonavir. Quantitative
variables are reported as median with minimum and maximum values. Qualitative
variables are reported as frequency and percentage. Statistical tests used include Kruskal-
Wallis for quantitative variables, and Chi-square (3?) for qualitative variables. A p-value <0.05
was considered statistically significant.

The values in bold indicates statistical significance.

Although differences in CD4" nadir were not statistically significant
(p = 0.08), a trend toward higher nadir values was noted in the
PLWHIV+T2D group, suggesting a more favorable immune
reconstitution profile (Table 2).

To comprehensively contextualize the participants’ metabolic
profile, a detailed evaluation of hematological, lipid, and glycemic
parameters was conducted across the five study groups. These
variables provided relevant insight into the general systemic status
and cardiometabolic risk.

Statistically significant differences were identified in hemoglobin
levels (p = 0.0002), with lower values observed in the PLWT2D group
(13.5 £ 1.7 g/dL) compared to the other groups. No significant
differences were found in platelet count, total leukocytes, neutrophils,
lymphocytes, or monocytes (p > 0.05 in all cases). Regarding the lipid
profile, HDL cholesterol (HDL-C) levels were significantly lower in
the PLWHIV+T2D group (median: 32 mg/dL) compared to the other
groups (p = 0.001). No statistically significant differences were
observed in total cholesterol, LDL-C, VLDL, or triglyceride levels
(p > 0.05). In contrast, the glycemic profile revealed marked
differences. The PLWHIV+T2D and PLWT2D groups exhibited
significantly higher fasting glucose and glycated hemoglobin levels
(p < 0.0001), consistent with their diabetic condition. Likewise,
insulin concentrations were significantly elevated in these two
groups, with the highest levels observed in the PLWT2D group (p
= 0.007), indicating a progressive increase in insulin levels associated
with dysglycemia (Table 3).

To complement the characterization of the participants’
systemic status, five inflammatory and immunometabolic
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TABLE 3 Serum lipid profiles and glycemic profile of study groups.

PLWHIV PLWHIV+preT2D

(n=16)

(n=16)

PLWHIV+T2D

10.3389/fendo.2025.1669148

PLWT2D
(n=16)

Control P

(n=16) (n=16) value

Hematological profile

Hb (g/dL) 153 = 1.6 156 + 0.8 155+ 1.6 135+ 17 15+ 0.9 0.0002
229 214 227 21 233
PLT (10*/uL 0.73
(107/uL) (140 - 305) (127 - 262) (142 - 410) (57 - 304) (163 - 330)
52 6.3 6.3 6.2 59
BC (10%/uL, .
WBC (10°/uL) (-9 (4-14) (4-12) (3-11) (4-10) 08
26 33 3 3 3
NEU (10%/uL. 0.32
(10*/uL) a-7 - 10) (1-6) 2-6) ©-7)
2 2 2 2 2
LYM (10%uL 0.42
(107uL) (1-3) 0.9 -3) (1-5) (0.6 - 4) (1-3)
MONO (10%/ 0.5 0.4 0.4 0.3 0.4 000
uL) 03-07) 02-1) 03-1) 01-1) 0.2 -07) :
Lipid profile
176 1755 172 1625 196.5
TC (mg/dL) (116 - 368) (123 - 266) (127 - 250) (101 - 252) (112 -260) 039
LDL-C (mg/dL) 108 +35.7 105 +27.3 99 +34.3 98 + 36 107 + 35.8 0.91
HDL-C (mg/ 425 425 32 426 49 0,001
dr) (27 - 66) @7 -67) (26 - 45) (24 - 58) (24 - 114) :
2 21 325 285 25
VLDL (mg/dL 0.091
(mg/dL) (© - 74) (11 - 67) (15 - 109) (15 - 60) (11 - 95) 0
1115 105 179.5 1435 1215
T dL 0.10
G (mg/dL) (45 - 368) (56 - 333) (76 - 546) (67 - 302) (53 - 476)
Glycemic profile
835 85 138 148 825
al dr, 0.0001
u (mg/dL) (69 - 101) (72 - 100) (80 - 281) (79 - 254) (70 - 99) <
HbAlc (%) 54+03 57402 83+23 76+ 17 57+03 <0.0001
s (aonl) 10.95 9.46 17.8 257 95 0.007
18 pu/m (3 - 44) (3 - 45) (6 - 39) (6 - 48) (5 - 34) :

Hb, Hemoglobin; PLT, Platelets; WBC, White Blood Cells; NEU, Neutrophils; LYM, Lymphocytes; MONO, Monocytes; TC, Total Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol;
HDL-C, High-Density Lipoprotein Cholesterol; VLDL, Very Low-Density Lipoprotein; TG, Triglycerides; Glu, Glucose; HbAlc, Glycated Hemoglobin; Ins: Insulin. The table presents measures
of central tendency and dispersion. Quantitative variables with a normal distribution are reported as mean with standard deviation, while quantitative variables with a non-normal distribution
are presented as median with minimum and maximum values. Statistical tests used include ANOVA and Kruskal-Wallis. A p-value of <0.05 was considered statistically significant.

The values in bold indicates statistical significance.

biomarkers were evaluated across the five study groups: hs-CRP, IL-
6, IL-18, IL-8 and AD. These biomarkers provide insights into
subclinical inflammation and immunometabolic dysfunction,
which are relevant to the pathophysiology of cardiometabolic
diseases, particularly in people living with HIV.

Statistically significant differences were observed in AD
concentrations (p = 0.011), with lower median levels detected in
the PLWHIV+T2D group (3 pg/mL; minimum-maximum: 2.3-
6.8), compared to the PLWHIV+preT2D group (5 pg/mL;
minimum-maximum: 4.4-13.4). This progressive decline may
be associated with the metabolic deterioration characteristic of
T2D. Similarly, hs-CRP levels differed significantly between
groups (p = 0.005), with markedly higher values in the
PLWHIV+T2D group (median: 18.5 mg/L; minimum-
maximum: 2.5-170), indicating a more pronounced
proinflammatory state. Although no statistically significant

Frontiers in Endocrinology

differences were found in IL-6 or IL-8 concentrations (p = 0.288
and p = 0.214; respectively), a trend toward higher IL-6 levels was
noted in the PLWHIV+T2D group. In contrast, IL-18
concentrations showed statistically significant differences among
the groups (p = 0.032), with the highest values recorded in the
PLWHIV+T2D group (median: 377 pg/mL; minimum-
maximum: 150-995), these results highlight the evident
enhanced inflammatory response in PLWHIV+T2D
group (Table 4).

Determining IR in PLWHIV is key to ensuring adequate clinical
management of the progression of metabolic diseases. Thus, to
complements the metabolic profile analysis, various surrogate
indices of IR were evaluated across the five study groups. These
indices allow for indirect estimation of insulin sensitivity and beta-
cell function, serving as valuable tools to characterize dysglycemia
in different clinical contexts. Additionally, the advantage is that
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these incorporate variables beyond glucose and insulin, including
lipid, glycemic, anthropometric profiles as well as AD an insulin-
sensitizing hormone, with a key role in glucose metabolism.
Statistically significant differences were observed in the
HOMAZ2-IR index (p = 0.001), with the highest values recorded
in the PLWHIV+T2D group (median: 2.6, minimum-maximum:
0.9-5.5) and the PLWT2D group (median: 3.9, minimum-
maximum: 0.8-7), indicating greater IR in these diabetic
subgroups. A significant reduction in beta-cell function
(HOMA2-%B) was found (p = 0.034) in the PLWHIV+T2D
group (median: 60, minimum-maximum: 10-274), compared to
controls and other groups. Interestingly, PLWHIV-preT2D showed
marked beta-cell function, a sign of a compensatory response to
glycemic imbalance. Insulin sensitivity (HOMA2-%S) also showed
significant differences (p = 0.001), being notably lower in the
PLWHIV+T2D (median: 38, minimum-maximum: 19-118) and
PLWT2D groups (median: 26, minimum-maximum: 4-132).
Other indices reflecting insulin resistance, such as HOMA-AD,
TyG, TyG*BMI, TyG-WHtR, METS-IR, and QUICKI, presented

10.3389/fendo.2025.1669148

highly significant differences (p < 0.0001), evidencing progressive
metabolic deterioration in the diabetic groups, especially in
PLWHIV+T2D and PLWT2D groups. For example, median
HOMA-AD values of 1.7 and 3 were observed in the PLWHIV
+T2D and PLWT2D groups, respectively, substantially higher than
in the other groups. (Table 4).

Adiposity and AT dysfunction indices were also evaluated in the
five study groups with the purpose of exploring alterations in body
composition and adipose metabolism, which are key factors in the
pathophysiology of IR and cardiometabolic diseases.

Statistically significant differences were observed in the Visceral
Adiposity Index (VAI) among groups (p = 0.006), with higher
median values reported in the PLWHIV+T2D group (3.4,
minimum-maximum: 1.2-11.5), followed by the PLWT2D group
(2.6, minimum-maximum: 0.8-6.6), reflecting greater impairment
in visceral AT function and distribution in these diabetic subgroups.
Similarly, the AT dysfunction index (DAI) also showed significant
differences (p = 0.010), with elevated median levels found in the
PLWHIV+T2D group (2.2, minimum-maximum: 0.7-7.3) and the

TABLE 4 Inflammatory and inmunometabolic profile, surrogate indices of IR, indices of visceral adiposity and dysfunctional adiposity and markers of

systemic inflammation and cardiovascular risk across study groups. .

PLWHIV
(n=16)

PLWHIV+preT2D

(n=16)

PLWHIV+T2D
(n=16)

PLWT2D
(n=16)

Control
(n=16)

Inflammatory and immunometabolic profile

AD 4 5 3 4 4 0.011
(ug/mL) (2.7 - 15) (4.4 - 13.4) (23-7) (3-6) (3-11) ’
2.5 1.8 185 4 2
hs-CRP L 0.005
s-CRP (mg/L) (03 - 70) (0.7 - 105) (2.5 - 170) (1-114) (0.7 - 45)
2 1.8 2.5 2 1.7
IL-6 (pg/mL 0.288
(pg/mL) (12-4) (02-6) (0.7 - 16.7) (03 - 10.9) (04 -5)
348 226 377 263 193
IL-18 (pg/mL) 0.032
(159 - 796) (71 - 696) (150 - 995) (100 - 532) (92 - 548)
104 68 93 63 71
IL-8 (pg/mL 0.214
(pg/mL) (5 - 211) (36 - 355) (28 - 184) (17 - 164) (15 - 175)
Surrogate indices of insulin resistance
14 1. 2. X 1.
HOMA2-IR 3 6 39 3 0.001
(0.4 - 5.5) (0.4 - 5.3) 0.9 - 5.5) (08 -7) (0.6 - 4.3)
124 120 60 101 146
HOMA2-%B 0.034
(44 - 283) (41 - 385) (10 - 274) (19 - 279) (73 - 332)
71.3 83 38 26 83
HOMA2-%S 0.001
’ (18 - 270) (5.3 - 248) (19 - 118) (4 -132) (23 - 162)
0.5 0.3 1.7 3 0.7
HOMA-AD <0.0001
(0 -4.1) 0.1 -1.7) 0.7 - 6.3) 0.2 -73) (0.1 -3.1)
8.4 8.4 9.6 9.4 8.6
TyG 0.0002
v (7.5 -9.7) (7.7 - 9.6) (82-11.2) (8.3 - 10.3) (7.7 - 9.9)
TyG*BMI 210 + 38 218 + 49 279 + 50 269 + 37 231 + 44 <0.0001
TyG-WHItR 43+08 45+08 54+06 54+0.7 46+08 <0.0001
METS-IR 456+ 7.8 393492 52,6 + 9.5 481 +7.1 404 +82 <0.0001
Quicki 0.35 + 0.05 0.34 + 0.04 0.29 + 0.03 0.29 + 0.04 0.34 + 0.03 <0.0001
(Continued)
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TABLE 4 Continued

PLWHIV

(n=16)

PLWHIV+preT2D

(n=16)

Indices of visceral and dysfunctional adiposity.

PLWHIV+T2D

(n=16)

PLWT2D

(n=16)

10.3389/fendo.2025.1669148

VAL 15 15 3.4 2.6 1.6 0.006
(04 -5) 0.7 - 4.7) (12 - 11.5) 0.8 - 6.6) (0.4-12.6) ’
DAL 1 0.95 2.2 17 0.95 0.010
0.3 -3.3) (0.5 -2.9) 0.7 -7.3) 0.5 -42) (0.2 - 8.4) ’
markers of systemic inflammation and cardiovascular risk
TG/HDL-c 2.7 24 5.2 42 2.3
. 0.008
ratio 0.9 -9.7) (14-7.9) (22 -18.8) (14 - 10) (0.6-19.4)
1.3 1.3 1.6 1.6 1.1
Neu/HDL-C 0.053
v 0.6 - 1.8) 0.7 -22) (0.7 - 2.5) (0.8 -2.5) (0.6 - 2.5)
.01 011 .01 X X
Mon/HDL-C 0.010 0.0 0.013 0.009 0.008 0.046
(0.01-0.02) (0.01 - 0.03) (0.01 - 0.04) (0 -0.02) (0 -0.02)
. 1 . 1 4.
PIt/HDL-C >7 > 67 6 ’ 0.021
(2.6 - 8.8) (3.7 - 8.3) (43 - 14.1) 0.6 - 9.1) (1.9-9.1)
NILR 1.6 1.9 1.3 17 1.9 031
0.5 -5.1) (0.5 -4.1) (04 - 3.5) 0.8 -32) (1.1 - 2.8) ’
PIR 118 108 95.3 116 123 024
(54 - 193) (53 - 170) (58 - 192) (14 - 367) (75 - 191)

AD, Adiponectin; hs-CRP, High-sensitivity C-reactive protein; HOMA-AD, Homeostasis Model Assessment-Adiponectin; TyG,Triglyceride-Glucose Index; TyG*BMI, Triglyceride-Glucose
Index multiplied by Body Mass Index; TyG-WHIR, Triglyceride-Glucose Index multiplied by Waist-to-Height Ratio; METS-IR, Metabolic Score for Insulin Resistance; QUICKI, Quantitative
Insulin Sensitivity Check Index; VAI, Visceral Adiposity Index; DAI, Dysfunctional Adipose Index; TG/HDL-C, Triglyceride to HDL-Cholesterol Ratio; NEU/HDL-C, Neutrophil to HDL-
Cholesterol Ratio; MON/HDL-C, Monocyte to HDL-Cholesterol Ratio; PLT/HDL-C, Platelet to HDL-Cholesterol Ratio; NLR, Neutrophil to Lymphocyte Ratio; PLR, Platelet to Lymphocyte
Ratio. The table presents measures of central tendency and dispersion. Quantitative variables with a normal distribution are reported as mean with standard deviation, while quantitative variables
with a non-normal distribution are presented as median with minimum and maximum values. Statistical tests used include ANOVA and Kruskal-Wallis. A p-value of <0.05 was considered

statistically significant.
The values in bold indicates statistical significance.

PLWT2D group (1.7, minimum-maximum: 0.5-4.2), compared to
the non-diabetic groups, as well as PLWT2D a dysfunction in the
AT was evident in PLHIV+T2D, which is characterized by a
proinflammatory adipokine secretion pattern, inflammatory cell
infiltration particularly in intra-abdominal fat, and represents a
potential link to metabolic and cardiovascular diseases. (Table 4).
In this sense, it was in our interest to evaluate markers of
systemic inflammation and cardiovascular risk across the five study
groups to identify possible variations associated with metabolic and
inflammatory status. The TG/HDL ratio was also significantly
elevated in the PLWHIV+T2D group (median: 5.2; minimum-
maximum: 2.2-18.8), reflecting a more atherogenic lipid profile (p =
0.008). On the other hand, the ratio NEU/HDL-C showed a trend
toward statistical significance (p = 0.053), with higher median
values observed in the PLWHIV+T2D and PLWT2D groups
(both 1.6, range: 0.7-2.5 and 0.8-2.5; respectively), suggesting
increased systemic inflammation and cardiovascular risk in these
diabetic groups. Significant differences were identified in the MON/
HDL-C ratio (p = 0.046), with the highest median levels found in
the PLWHIV+T2D group (0.013, range: 0.01-0.04), followed by
PLWHIV+preT2D (0.011, range: 0.01-0.03), indicating increased
monocyte-mediated inflammatory activity in relation to the lipid
profile. The PLT/HDL-C ratio also showed significant differences
between groups (p = 0.021), with the PLWHIV+T2D group
presenting the highest median value (6.7, range: 4.3-14.1), which
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may reflect enhanced platelet activation, and a pro-thrombotic state
associated with cardiovascular risk. As systemic inflammatory
markers the NLR and PLR was evaluated, no statistically
significant differences were found (p = 0.31, p = 0.56;
respectively), although variations in median values were observed
without a clear pattern across groups (Table 4).

To more clearly illustrate the differences observed among the
study groups, scatter plots were constructed for selected variables
representative of key metabolic and inflammatory domains. These
variables were chosen based on their clinical relevance and either
statistical significance or biologically meaningful trends observed in
the primary analysis.

A significant increase in the HOMA 2-IR index was observed in
the PLWT2D group compared to the PLWHIV (p= 0.005),
PLWHIV+preT2D (p= 0.002), and control group (p= 0.04),
suggesting greater IR in the presence of T2D. Conversely, the
HOMA 2%S index was found to be significantly decreased in the
PLWT2D group relative to all other groups, except for PLWHIV
+T2D, indicating reduced insulin sensitivity in individuals with
diabetes. Regarding the HOMA2-%B index, no statistically
significant differences were detected among the study groups.
However, a trend toward lower values was noted in both the
PLWHIV+T2D and PLWT2D groups when compared to
controls, potentially indicating pancreatic beta-cell dysfunction in
individuals with T2D, regardless of HIV serostatus. (Figure 1).
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The indices HOMA-AD, TyG, TyG-BMI, TyG-WHtR, METS-
IR, and QUICKI were assessed in the different study groups. The
HOMA-AD index, a marker of IR adjusted for AD, was found to be
significantly elevated in the PLWHIV+T2D and PLWT2D groups.
Statistically significant differences were identified when comparing
the PLWHIV+T2D group with PLWHIV (p = 0.003) and with
PLWHIV+preT2D (p = 0.0027). Additionally, the PLWT2D group
exhibited significantly higher values compared to PLWHIV (p =
0.0013), PLWHIV+preT2D (p = 0.0012), and the control group (p =
0.0357) (Figure 2A). The TyG index, a surrogate marker of IR based
on triglyceride and glucose levels, was found to be significantly
elevated in the PLWHIV+T2D and PLWT2D groups compared to
PLWHIV (p = 0.005 and p = 0.021, respectively) and PLWHIV
+preT2D (p = 0.009 and p = 0.030; respectively) (Figure 2B). The
TyG*BMI and TyG-WHtR indices, which incorporate
anthropometric measures to assess IR, were found to follow a
pattern similar to that of the TyG index, with significant increases
observed in the PLWHIV+T2D and PLWT2D groups, and
additionally for both indices, PLWHIV+T2D group shows
significant differences with the control group (p < 0.02 and p =
0.01; respectively). (Figures 2C, D).

The METS-IR index, a metabolic marker of insulin resistance,
was found to be significantly elevated in the PLWHIV+T2D and
PLWT2D groups. When compared to the other groups, significant
differences were observed relative to PLWHIV (p < 0.0001 and p =
0.005, respectively), PLWHIV+preT2D (p = 0.0002 and p = 0.027,
respectively), and the control group (p = 0.0004 and p = 0.46,
respectively) (Figure 2E). Finally, the QUICKI index, a marker of
insulin sensitivity, was found to be significantly reduced in the
PLWHIV+T2D and PLWT2D groups compared to the other

10.3389/fendo.2025.1669148

groups, indicating decreased insulin sensitivity in individuals with
T2D (Figure 2F).

Visceral Adiposity Index (VAI) and the Dysfunctional AT Index
(DAI) were found to be significantly elevated in the PLWHIV+T2D
group. For VAI, statistically significant differences were observed
when compared to the PLWHIV (p = 0.042) and PLWHIV+preT2D
groups (p = 0.022). Similarly, the DAI followed the same pattern, with
significant differences relative to the PLWHIV (p = 0.047) and
PLWHIV+preT2D groups (p = 0.038) (Figure 3).

Markers of inflammation and cardiovascular risk, assessed
through the TG/HDL-C and PLT/HDL-C ratios, were found to
be significantly elevated in the PLWHIV+T2D group. Both ratios
exhibited a similar pattern, with statistically significant differences
observed when compared to the PLWHIV+preT2D group (p =
0.03) and the control group (p = 0.04) (Figure 4).

Among the inflammatory cytokines, only hs-CRP was found to
be significantly elevated in the PLWHIV+T2D group, with
statistically significant differences compared to the PLWHIV (p =
0.043) and control groups (p = 0.009). Although no significant
differences were identified for the other cytokines, a trend toward
increased IL-6 levels was observed in the PLWHIV+T2D group.
Additionally, a reduction in IL-18 and IL-8 concentrations was
noted in the PLWHIV+preT2D group (Figure 5).

The discriminative ability of various surrogate indices of IR was
evaluated using ROC curves, with the aim of differentiating between
preT2D and T2D in PLWHIV, as well as identifying T2D in
individuals without HIV. Additionally, the performance of these
indices was compared between both population groups to
determine in which group greater accuracy in discriminating
alterations in glucose homeostasis was achieved.
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FIGURE 1

Indices of insulin resistance, insulin sensitivity, and beta-cell function in the study groups. Scatter plots depicting (A) HOMA-2IR (insulin resistance),
(B) HOMA-S (insulin sensitivity), and (C) HOMA-B (beta-cell function) across the study groups. Median values and interquartile ranges are shown.
Statistical comparisons were performed using the Kruskal-Wallis test followed by Dunn’s post hoc test. *p < 0.05, **p < 0.01.
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FIGURE 2

Surrogate indices of IR in the study groups. Scatter plots depicting (A) HOMA-AD (adiponectin-adjusted insulin resistance), (B) TyG (triglyceride-
glucose index), (C) TyG-BMI (triglyceride-glucose index adjusted for body mass index), (D) TyG-WHTLR (triglyceride-glucose index adjusted for waist-
to-height ratio), (E) METS-IR (metabolic score for insulin resistance), and (F) QUICKI (quantitative insulin sensitivity check index) in the study groups.
Median values and interquartile ranges are shown. Statistical comparisons were performed using the Kruskal-Wallis test followed by Dunn'’s post hoc

test. *p < 0.05, **p < 0.01, ***p < 0.001, ****p<0.0001.

To evaluate the ability to discriminate preT2D status within the
PLWHIV group, several IR indices were analyzed. The HOMA2-IR,
HOMA2-%B, TyG, TyG*BMI, HOMA-AD, and METS-IR indices
showed no discriminative capacity (AUC = 0.5). In contrast,
HOMA2-%S, TyG-WHtR, and QUICKI exhibited poor
discriminative performance, each yielding an AUC of
0.6 (Figure 6A).

For the identification of T2D in PLWHIV, HOMA2-%B
showed the lowest discriminative ability (AUC = 0.7). In contrast,
HOMA2-%S, HOMA2-IR, TyG, and TyG*BMI demonstrated
moderate discriminative capacity (AUC = 0.8), whereas TyG-
WHItR, QUICKI, METS-IR, and HOMA-AD achieved excellent
discrimination (AUC = 0.9) (Figure 6B).

In the non-HIV population, none of the surrogate indices reached
excellent discriminative capacity for identifying T2D. However, all
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evaluated indices showed moderate or acceptable performance (AUC =
0.8), except for the TyG index, which yielded an AUC of 0.7. These
findings suggest that, at least in our cohort, surrogate indices of IR
performed better in discriminating T2D among PLWHIV compared to
those without HIV infection (Figure 6C).

Two correlation matrices were performed. The first aimed to
identify the correlations of the HOMA-AD index with other IR
indices as well as indices of visceral and dysfunctional adiposity. It
was observed that METS-IR, TyG-WHItR, and QUICKI (which
obtained the highest AUCs) exhibited moderate correlations with
HOMA-AD: R = 0.58 for METS-IR, R = 0.53 for TyG-WHIR, and R
=-0.90 for QUICKI. Nonetheless, moderate to strong correlations
were shown by HOMA-AD with the remaining evaluated indices,
including the adiposity indices DAI (R = 0.45) and VAI (R =
0.44) (Figure 7A).

frontiersin.org


https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Anaya-Ambriz et al. 10.3389/fendo.2025.1669148

A B
* *
* *
134 | Py
° %
8} ¢ .
°
*
6 Y [ )
=3 I
49 &® ° o
°
o & ¢
24 o
1 J
[ J @ [
o ® ) °
0 1 1 1 I 0 1 1 1 1
> a A i) > a A °
= N N = = N N &
+ g o} g + 3 )
=B T Ay == § =%
3 2
~ ~

PLWHIV+preT2D
PLWHIV+preT2D

FIGURE 3
Adiposity and adipose dysfunction indices. Scatter plots depicting. (A) VAI (Visceral Adiposity Index), (B) DAI (Dysfunctional Adipose Index). Median
values and interquartile ranges are shown. Statistical comparisons were performed using the Kruskal-Wallis test followed by Dunn’s post hoc test.
*

p < 0.05.

A B
* * * *
| 1]
20— U ) 154 [ ]
17\ ¢ TN . .
12 °® 8- ) PY [ 4
Q . T e e < °
- o0 56- @ °
=, v =T #
: S L FS
4- ) L] A % . %
% e® 9le 2 °
[ 1) [ )
) o® °
0 1 1 1 1 1 0 1 1 1 1 1
= 8 8 R E z 8 8 8 %
BB LG 2§ fE ¢
,_] =¥ > A o A [=F > A @)
Ay + = o = A i =
> L S <
= 3 = 2
=9 =9
— —
A~ A

FIGURE 4

Markers of systemic inflammation and cardiovascular risk. Scatter plots depicting. (A) TG/HDL-C: Triglyceride to HDL-Cholesterol Ratio, (B) PLT/
HDL-C: Platelet to HDL-Cholesterol Ratio. Median values and interquartile ranges are shown. Statistical comparisons were performed using the
Kruskal-Wallis test followed by Dunn's post hoc test. *p < 0.05.

Frontiers in Endocrinology 12 frontiersin.org


https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Anaya-Ambriz et al.

10.3389/fendo.2025.1669148

A B
* *k
180 N 18 H
160 o ¢ e
120 . o s R
90 ° ° °
e o o = %
%g,,“ ° o LI hE o e
3 2 304 e I 2%
2 T o I & 34
4 i ode
)
24 ofe® L4 ° . ° 2.:
$ S o® 0w
G .I.l T T T T T T T T
I8 8 3 & 8 8 8 ¢
I &8 g8 g £ I g g g £
= <] + =z 53 = <] T =z )
a2 & 2 o © J & 2 o 9
~ T ~ [ + = o~
z £ =
s 2 s &
A ]
A~ -9
FIGURE 5

(¢ D
1000+ ° 400
8004 o o* 1 °
. 300
600 ° [
} .. R w0l .
EE % ° a?'g ° o o o
.Jl?n 4004 JBJISO efe o °
= a ° =2 o o 9
R 100 o
°
2001 2 R % ol - % <
% " "0 o °
° © ° * o :
0 T T T T 'l‘ G ? T T T L
= 8 8 8§ = 8 8 G
=1
+ +
= 2 £z 8 z g2 L 5 8
[ T =) ~ ~ Ry T e
£ = £ =
z z : =
] 2
& =

Inflammatory cytokines. Scatter plots depicting. (A) hs-CRP, (B) IL-6, (C) IL-18, (D) IL-8. Median values and interquartile ranges are shown. Statistical
comparisons were performed using the Kruskal-Wallis test followed by Dunn’s post hoc test. *p < 0.05, **p < 0.01.

Further, a second correlation matrix was performed to identify
the correlations of HOMA-AD index with systemic inflammatory
profile and cardiovascular risk. The results shown moderate
correlations between HOMA-AD and cardiovascular risk and
inflammatory markers, such as hs-CRP (R = 0.30), IL-6 (R =
0.25), and IL-18 (R = 0.27). Additionally, weak correlations were
identified with metabolic and inflammatory indices including TG/
HDL-C (R = 0.47), New/HDL-C (R = 0.33), PLT/HDL-C (R = 0.38),
and an inverse correlation with the NLR and PLR ratios (R = -0.28
and -0.23; respectively) (Figure 7B).

The associations between the HOMA-AD index and various
metabolic, inflammatory, and adiposity-related parameters were
explored through scatter plots stratified by group. A positive
association was observed between HOMA-AD and METS-IR,
TyG-WHHtR, hs-CRP, IL-6, IL-18, VAI, DAI, TG/HDL, NEU/
HDL-C, PLT/HDL-C, and NLR, particularly among individuals
with dysglycemia (PLWHIV+preT2D, PLWHIV+T2D, and
PLWT2D), in whom higher HOMA-AD values were
concentrated. In contrast, an inverse correlation with QUICKI
was identified, consistent with its interpretation as an insulin
sensitivity index. The density ellipses suggested a clear separation
between normoglycemic individuals and those with metabolic
alterations, with a more pronounced dispersion observed in the
T2D groups, regardless of HIV serostatus (Figure 8).

Based on the analysis of the ROC curves, the optimal cutoff
points were determined by selecting those with the highest
sensitivity and specificity, in addition to considering the highest
Youden index and the best Euclidean distance. Based on these
values, subgroups were established within each study group, with
participants being classified according to whether their values were
above or below the established cutoff points. Subsequently,
contingency tables were constructed for each subgroup with the
aim of calculating the odds ratios (OR) and 95% confidence
intervals (95% CI), thereby permitting the evaluation of the risk
associated with each cutoff point. The obtained results were
represented using forest plots for each of the established
comparisons (Figure 9).
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In the population of individuals with PLWHIV+preT2D, the
primary cutoff points identified were HOMA-AD >1 (OR = 1.97,
95% CI: 0.35-8.6), NLR >2.2 (OR = 2.6, 95% CI: 0.54-11), PRL<6.7
(OR = 1.615, 95% CI: 0.2873-10), hs-CRP >8.7 (OR = 1.711, 95%
CI: 0.4527-7.722), IL-6 >2 (OR = 1, 95% CI: 0.2789-3.585), IL-18
<256 (OR = 2.829, 95% CI: 0.6048-13.3), and IL-8 <71 (OR = 3.857,
95% CI: 0.7742-14.13). In the group of individuals with PVVIH
+T2D, the most relevant cutoff points were identified as HOMA-
AD >1 (OR = 15.4, 95% CI: 2.787-79.5), NLR <1.15 (OR = 3.37,
95% CI: 0.8-14), PLR <7.4 (OR = 3, 95% CI: 0.7-11), hs-CRP >13
(OR = 4.84, 95% CI: 1-18.3), IL-6 >2.2 (OR = 2.143, 95% CI: 0.5
8.6), IL-18 >385 (OR = 1.286, 95% CI: 0.3-4.7), and IL-8 <97 (OR =
2.143, 95% CI: 0.5-8.6). Finally, in the population without HIV but
with a diagnosis of T2D, the identified cutoff points were HOMA-
AD >1 (OR =9.533,95% CI: 1.653-39.3), NLR <1.6 (OR = 2.2, 95%
CI: 0.5356-10), PLR <6.7 (OR = 2.2, 95% CI: 0.5356-10), hs-CRP
>2.1 (OR =7, 95% CI: 1.329-36.5), IL-6 >1.8 (OR = 1.653, 95% CI:
0.3658-6.2), IL-18 >251 (OR = 2.829, 95% CI: 0.6048-13.3), and IL-
8 <56 (OR = 12, 95% CI: 1.419-142.2).

The specific values of the cutoff points, along with their
respective OR and 95% CI, are presented in the corresponding
figures, thereby providing a visual representation of the magnitude
of risk in each scenario.

4 Discussion

Chronic inflammation and AT dysfunction have been identified as
key contributors to the development of an adverse immunometabolic
state. However, this phenomenon has been insufficiently characterized
in PLWHIV, due to the complex interplay among persistent immune
activation, the metabolic side effects of ART, and HIV-induced AT
redistribution. Since the introduction of ART, HIV infection has been
transformed from a fatal disease into a chronic condition associated
with prolonged life expectancy. As a result, a reduction in opportunistic
infections has been observed, along with an increased prevalence of
NCDs, including MetS, T2D, and cardiovascular disease (29). This
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elevated risk has been attributed not only to traditional factors, but also
to chronic inflammation, ART-related metabolic disturbances, and
weight gain (30). Increased AT has been associated with elevated levels
of proinflammatory mediators and free fatty acids, both of which have
been implicated in the development of IR (31, 32), a condition that
often precedes the onset of T2D (33). This study is intended to evaluate
the HOMA-AD index, a marker of RI and metabolic risk, and its
correlation with metabolic, inflammatory parameters obesity-related.
Metabolic disturbances have been reported to emerge at
younger ages in PLWHIV compared to the general population
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(34). Our findings support the observation that PLWHIV tend to
debut earlier with preDT2 or DT2 diagnostic than individuals
without HIV, suggesting that HIV infection and its treatment
may contribute to the earlier onset of glucose metabolism
alterations. This difference, along with other reported studies
to date, suggests that in the context of HIV, metabolic
dysfunction may develop more rapidly, possibly driven by
mechanisms such as chronic immune activation, premature
immunosenescence, and AT dysfunction induced either by the
infection itself or by ART (35).
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markers systemic inflammatory profile and cardiovascular risk indices. Correlations were assessed using Spearman’s correlation test.
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Frontiers in Endocrinology 15 frontiersin.org


https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Anaya-Ambriz et al.

Consistent with the accelerated progression of metabolic
dysfunction, significant differences in body composition were
observed among the groups. PLWHIV with T2D exhibited greater
visceral fat accumulation, reflecting a more compromised
anthropometric profile that may contribute to an increased risk of
metabolic complications. Consistent increases in these parameters
have been previously reported in this population, reinforcing
concerns about a tendency towards lipohypertrophy and visceral
fat deposition (36), a phenomenon closely associated with chronic
inflammation, IR, and elevated cardiovascular risk (37).

In contrast, the control group exhibited a general pattern of
overweight, a risk for metabolic disturbances. This finding is
consistent with national reports on the nutritional status of
Mexican adults, which demonstrate a high prevalence of
undiagnosed overweight and obesity in the mexican general
population (38). Notably, PLWHIV without glycemic alterations
exhibited a lower body mass pattern, which may reflect stricter
clinical management or differences in body fat distribution
associated with HIV.

WHR progressively increased in accordance with the degree of
glycemic impairment, reaching its highest value in the PLWHIV
+T2D group. Transcendentally, WHR has been shown to be a more
accurate predictor of cardiometabolic risk than BMI in PLWHIV
(39). In this context, ART particularly regimens containing INSTIs
such as bictegravir combined with tenofovir alafenamide has been
associated with significant weight gain and increased risk of obesity
(40, 41). It has been documented that the use of PIs, NRTIs, and
NNRTIs is linked to weight gain, obesity, and metabolic
dysfunction through several molecular mechanisms. PIs can block
GLUT-4 transporters, impair adipocyte differentiation, and activate
inflammatory pathways such as NF-xB, promoting IR and visceral
adiposity. Older NRTTs induce mitochondrial DNA depletion and
dysfunction, leading to impaired oxidative phosphorylation,
adipocyte apoptosis, and lipodystrophy. Finally NNRTIs, may
alter hepatic lipid metabolism through cytochrome P450
interactions, contributing to dyslipidemia (29). Particularly,
INSTIs use modulate central appetite regulation through
interactions with melanocortin and melanocortin-4 receptors,
alterations in adipocyte differentiation and lipid storage, as well as
potential effects on mitochondrial function, and intestinal dysbiosis,
thus affecting IR and increase of fat mass in the upper body (29, 42,
43). Recently, it was reported an T2D incidence rate of 24.6/1000
person-years in PLWHIV with INSTTs, additionally the cumulative
incidence of T2D was 6.7% and 11.7% at 3 and 5 years of receiving
ART based in INSTTs (44). In our cohort, most participants were on
the same antiretroviral regimen, minimizing pharmacological
variability. Furthermore, PLWHIV exhibited stable clinical and
immunological control, as evidenced by viral suppression and
adequate CD4" cell counts.

Clinical characterization of the groups revealed that both HIV
diagnosis duration and ART exposure were longer in participants
with glycemic alterations, suggesting a potential link between
infection chronicity and metabolic dysfunction. This finding is
particularly relevant, as both prolonged HIV infection and
extended ART exposure have been associated with abnormal
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adipose tissue distribution, low-grade chronic inflammation,
mitochondrial dysfunction, and progressive increases in insulin
resistance, even in individuals maintaining effective virological
suppression (45).

Furthermore, although differences in CD4" nadir were not
statistically significant, a trend toward higher values was observed
in the PLWHIV+T2D group, potentially reflecting a more robust
immune reconstitution. However, immune reconstitution does not
imply reversal of the underlying metabolic damage; rather, recent
studies have suggested that even with an apparently restored
immunological profile, a residual inflammatory milieu persists,
capable of impairing insulin signaling in peripheral tissues,
particularly adipose tissue (46). These findings emphasize the
need to assess HIV-specific factors, including diagnosis duration,
ART exposure, and immune reconstitution. Despite virological
control and adequate CD4" counts, HIV and prolonged ART are
linked to AT changes, inflammation, IR, and increased
metabolic risk.

Consistently, the PLWHIV+T2D group exhibited markedly
reduced HDL-C levels, a profile associated with inflammation, IR,
and increased cardiometabolic risk (47). Fasting glucose and HbAlc
levels were elevated in PLWHIV groups, in line with studies
reporting early glycemic abnormalities in this population, even
prior to a formal T2D diagnosis (48). These findings support the
notion that metabolic dysfunction in PLWHIV may develop early
and in a subclinical manner. Furthermore, the group with the lowest
HDL-C concentration (PLWHIV+T2D) also exhibited reduced AD
levels, a pattern reported previously (47, 49) and consistently
confirmed in recent studies (50).

Adiponectin levels may increase during the early stages of
glycemic dysfunction, such as in preT2D, functioning as a
compensatory mechanism to enhance insulin sensitivity.
However, as the condition progresses toward established T2D, its
levels tend to decline, reflecting a progressive deterioration of
adipose tissue function (51). This pattern was consistent with
our observations.

PLWHIV+T2D exhibited a pronounced inflammatory profile,
evidenced by elevated hs-CRP and IL-18 levels, along with a trend
toward increased IL-6, reflecting an exacerbated proinflammatory
state. These alterations are consistent with recent studies linking
persistent low-grade inflammation in PLWHIV to increased
cardiometabolic risk and progression to T2D (52, 53).
Collectively, these findings underscore the relevance of integrating
inflammatory and adipokine biomarkers to better characterize the
immunometabolic profile in this population. Elevated hs-CRP levels
have been associated with a cyclical cascade of low-grade chronic
inflammation in response to the release of pro-inflammatory
cytokines such as IL-6 and TNF-a (54); this is positively
correlated with IR and represents a risk factor for the
development of T2D (55).

In this context, composite indices integrating metabolic,
adipokine related, and anthropometric parameters such as
HOMA2-IR, HOMA-AD, TyG, METS-IR, VAI, and DAI
represent valuable tools for detecting early IR and metabolic
disturbances in PLWHIV, even prior to a formal T2D diagnosis.
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Their application is particularly relevant in populations such as
PLWHIV, where glycemic dysfunction tends to manifest at younger
ages, highlighting the need for more timely screening strategies.

The gold standard for measuring IR euglycemic
hyperinsulinemic clamp; however, given its complexity, several
surrogate indices have been developed and validated, among them
the most common is the HOMA-IR (56) In our study, significant
differences were observed in indices related to IR and AT
dysfunction among the groups.

The PLWHIV+T2D group exhibited severe IR accompanied by
impaired pancreatic beta-cell function. This pattern reflects
advanced metabolic dysfunction, characterized by a dual defect of
IR and inadequate insulin secretion hallmarks of a complex diabetic
phenotype. Reduced HOMA-%B values have been reported in
PLWHIV receiving ART, indicating impaired B-cell function
potentially related to immune reconstitution (46, 57). Moreover,
historically the Ips has been related to alterations to glucose and
lipid metabolism (58); however also it has been suggested that the
use of INSTT could be related to an accelerated dysglycemic process
and contribute to beta-cell dysfunction and IR independent of
weight gain (59). In HIV-associated lipodystrophy, decreased
insulin sensitivity and clearance, despite preserved secretion,
suggest limited B-cell compensation and worsening metabolic
dysfunction (60).

HOMA-AD has been proposed as a superior index for assessing
IR by incorporating adiponectin, a key marker of adipose tissue
function (20). Given the frequent adipose dysfunction in PLWHIV,
this index may better capture their metabolic disturbances. In our
study, HOMA-AD was significantly elevated in the PLWHIV+T2D
group, supporting its potential clinical utility. On the other hand, in
PLWHIV+preT2D, we observed the lowest HOMA-AD values.
Interestingly, as shown in the previous results, this group
exhibited the highest levels of insulin and adiponectin, which may
reflect a compensatory response to hyperglycemia and persistent
metabolic inflammation. Since both variables are included in the
calculation of HOMA-AD, their elevation is associated with lower
index values in PLWHIV+preT2D. This finding suggests that
HOMA-AD may not be the most accurate tool for identifying IR
in this group and could potentially underestimate its presence an
intriguing hypothesis that warrants further investigation.

This study provides the first evidence of HOMA-AD
application in PLWHIV, offering a novel approach to assess IR by
incorporating adiponectin-mediated AT dysfunction, a frequently
overlooked component in HIV-associated metabolic alterations.
Although our sample size could be considered a limitation for our
study, it is important to highlight that other clinical studies have
been published in PLWHIV and metabolic conditions, which
strengthens the findings of this study (61, 62). Studies have
confirmed that HOMA-AD shows a stronger correlation with IR
than HOMA-IR, demonstrating superior diagnostic performance in
adults, particularly when compared to the hyperglycemic clamp
method (22).

In this study, the metabolic indices TyG, TyG*BMI, TyG-
WHItR, METS-IR, and QUICKI showed significant differences
among the analyzed groups. Elevated TyG values in PLWHIV
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+T2D and PLWT2D indicate increased IR, consistent with
previous reports in patients with T2D. Indices that incorporate
adiposity, such as TyG*BMI and TyG-WHIR, were also higher in
these groups, reflecting the contribution of general and central
adiposity to metabolic impairment.

METS-IR, a composite marker integrating lipid and
anthropometric parameters, showed higher values in PLWHIV
+T2D and PLWT2D, confirming increased IR in these groups.
Conversely, QUICKI, which is inversely related to IR, was lower in
the same groups, indicating reduced insulin sensitivity.

These findings highlight that the coexistence of HIV and T2D is
associated with an unfavorable metabolic profile characterized by IR
and central adiposity factors that increase cardiovascular risk and
metabolic complications in this population.

VAI and DAI were elevated in PLWHIV+T2D, suggesting
greater visceral fat accumulation and AT dysfunction. This group
also exhibited an altered inflammatory profile, characterized by
lower HDL-C and AD levels, higher HbAlc and IL-6, as well as a
reduced beta-cell function. These findings highlight the critical role
of AT as a modulator of the metabolic and inflammatory milieu,
potentially exacerbated by chronic HIV infection and prolonged
ART. Previous studies have validated VAI as an indirect marker of
IR and adipose dysfunction, while elevated DAI values have been
associated with metabolic conditions including T2D, hepatic
steatosis, and atherosclerosis, supporting their utility in
cardiometabolic risk assessment in PLWHIV (63, 64).

Several indices related to blood components and HDL-C, including
TG/HDL-C, NEU/HDL-C, MON/HDL-C, PLT/HDL-C, as well as
NLR and PLR, were assessed. Among these, TG/HDL-C, MON/
HDL-C, and PLT/HDL-C differed significantly between groups. The
elevation of TG/HDL-C in PLWHIV+T2D and PLWT2D reflects an
atherogenic lipid profile strongly associated with IR, subclinical
inflammation, and increased cardiometabolic risk, consistent with
previous reports (65).

Likewise, the higher MON/HDL-C ratio observed in PLWHIV
+T2D aligns with its proposed role as a surrogate inflammatory
marker in predicting endothelial dysfunction and cardiometabolic
complications (66). These findings highlight the importance of
assessing not only traditional metabolic parameters but also
inflammatory and cellular markers related to immune and
coagulation systems to better understand cardiovascular risk in
HIV population.

Based on these findings, only the indices that showed significant
differences between groups and well-defined distributions were
selected for discriminative capacity analysis. In PLWHIV
+preT2D, all surrogate indices demonstrated limited ability to
detect early alterations in glucose metabolism, suggesting reduced
clinical utility at this stage (67).

In contrast, PLWHIV+T2D, certain composite indices
exhibited excellent discriminative performance, aligning with
previous studies identifying IR and hypertriglyceridemia as robust
predictors of T2D in PLWHIV. The incorporation of adiponectin
into HOMA-AD enhances its clinical relevance under chronic
inflammation. Among PLWT2D, most indices performed
satisfactorily, highlighting the value of composite indices
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integrating biochemical and anthropometric parameters. Their
consistent performance in non-HIV populations underscores
their cost-effective potential for metabolic and cardiometabolic
risk screening (68, 69).

To our knowledge, this is one of the first studies to
comprehensively evaluate both traditional and surrogate IR indices
in a cohort with varying degrees of metabolic alterations and HIV
infection. Furthermore, we demonstrate that these indices perform
better in the PLWHIV compared to HIV-negative individuals, as

10.3389/fendo.2025.1669148

evidenced by the ROC curve analysis, highlighting their clinical utility
for detecting metabolic complications in this specific group.
HOMA-AD represents a useful tool for assessing IR and
dysfunctional visceral adiposity. In the present study, it
demonstrated moderate associations with surrogate indices of IR
and adiposity, including TyG, TyG*BMI, TyG-WHtR, and METS-
IR, supporting its clinical relevance. However, indices such as TyG
and METS-IR showed more consistent associations with measures
of dysfunctional adiposity (VAI and DAI), indicating that they may

Risk cut-off points for preT2D in PLWHIV
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FIGURE 9

Cut-off points associated with the risk of preT2D and T2D in people with and without HIV. (A) Cut-off points most strongly associated with preT2D
risk in PLWHIV. (B) cut-off points associated with T2D risk in PLWHIV. (C) cut-off points for T2D risk in people without HIV. Odds ratios (OR) and 95%
confidence intervals (95% Cl) are shown for each inflammatory marker (left) and IR marker (right). Cut-off points were determined using ROC curve

analyses and are indicated alongside each variable
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be particularly valuable for practical and effective characterization
of altered adiposity profiles. These findings are consistent with
previous studies showing superior performance of HOMA-AD in
detecting IR, while METS-IR relates more closely to MetS
components (26). HOMA-AD strongly correlates with HOMA-IR
and better reflects IR prevalence, supporting its use in populations
with metabolic alterations (70). The association between visceral fat
to skeletal muscle ratio and multiple IR indices, including HOMA-
AD, highlights the importance of body composition in
cardiometabolic risk (71).

In our study, HOMA-AD was moderately associated with
inflammatory and metabolic markers, including hs-CRP and
ratios (TG/HDL-C, NEU/HDL-C and PLT/HDL-C), while weaker
associations were observed with proinflammatory cytokines such as
IL-6 and IL-18. These findings indicate that HOMA-AD reflects
both IR and subclinical inflammatory status. Previous reports also
linked HOMA-AD with inflammatory biomarkers, including PAI-1
in severe obesity in brazilian population (72). Additionally in
caucasic population, significant associations between HOMA-AD,
adiponectin, body composition, and diet emphasize its utility to
evaluate IR and inflammatory status in metabolic disorders as well
as to improve lifestyle. However, it is important to consider that
body distribution and diet vary between populations (73).

Our study found that in PLWHIV and dysglycemia, HOMA-AD
showed positive associations with METS-IR, TyG-WHIR, hs-CRP, IL-
6, IL-18, VAI, and DAI, reflecting IR, chronic inflammation, and
dysfunctional visceral adiposity. Its inverse correlation with QUICKI
supports its validity as an insulin sensitivity marker. The clear
separation in density plots between normoglycemic and
metabolically altered individuals suggests that HOMA-AD effectively
discriminates metabolic states in PLWHIV regardless of glucemic
status. These findings indicate that HOMA-AD is a promising
comprehensive index for assessing metabolic risk and inflammation
in this vulnerable population. Importantly, to our knowledge, HOMA-
AD has not been previously evaluated in people living with HIV,
positioning our study as a novel contribution to understanding its
applicability in this specific clinical context.

Finally, our study identified cutoff points for various biomarkers
that reflect the risk of T2D in populations with and without HIV.
Notably, HOMA-AD >1 proved particularly sensitive in identifying
elevated risk among PLWHIV+T2D. Other indices, including
QUICKI, TyG, TyG*BMI, and TyG-WHIR, also demonstrated
significant utility, highlighting the advantage of integrating
biochemical and anthropometric parameters for a more
comprehensive assessment of IR and cardiometabolic risk in
vulnerable populations. These findings support the efficacy of
HOMA-AD, comparable to HOMA-IR and TyG, in predicting
MetS, central obesity, and dyslipidemia conditions that precede
T2D (25). Moreover, its stronger correlation with other indices and
its integrative capacity combining biochemical and anthropometric
parameters make it a key marker for assessing and managing
metabolic risk in PLWHIV.

There is limited research evaluating cutoff points and odds
ratios of IR indices in general population and even more in
PLWHIV. However, some reports have shown that in PLWHIV,
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the TyG index has a strong correlation with HOMA-IR (r = 0.628)
and a cutoff point of 8.25 for identifying IR (74), consistent with our
findings and confirming its clinical utility. In addition, among HIV
patients receiving ART in Indonesia, the HOMA-IR cutoff point
was 2.705, with 70% sensitivity and specificity (75), supporting the
need for population-specific thresholds to enhance early detection
of IR in this group.

A limitation of our study is the small sample size and the cross-
sectional design, which precludes causal inferences. Future
longitudinal studies with larger cohorts should confirm these
findings and include multivariate analyses to adjust for potential
confounders such as lifestyle, medications, and comorbidities.
Furthermore, another limitation is the lack of data from other
populations with HIV and T2D to be able to extrapolate our results,
because this is the first study to evaluate HOMA-AD in this context.

5 Conclusions

Our findings highlight a strong association between HOMA-
AD, surrogate indices of IR, and markers of inflammation with the
T2D in PLWHIV. In particular, PLWHIV with T2D showed higher
HOMA-AD, HOMA2-IR, TyG, and METS-IR values, along with
lower AD and elevated hs-CRP and IL-18 levels, reflecting a
pronounced state of IR and systemic inflammation. These data
support the utility of HOMA-AD and related indices as accessible
tools for early detection and cardiometabolic risk stratification in
this population.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Research
Ethics Committee of the Hospital Civil de Guadalajara “Fray
Antonio Alcalde” (HCG-FAA), registration number 138/22;
HCG/CEI/0884/22; Research, Ethics, and Biosafety Committees of
the University Center of Health Sciences at the University of
Guadalajara, registration number 20-39; CI-07720; CUCS/CINV/
0220/20. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

EA-A: Conceptualization, Formal analysis, Methodology,
Visualization, Writing — original draft, Writing - review & editing,
Data curation. TH-A: Visualization, Writing — original draft, Writing —

frontiersin.org


https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Anaya-Ambriz et al.

review & editing, Resources. PM-R: Visualization, Writing — original
draft, Formal analysis. MA-Z: Investigation, Methodology, Supervision,
Writing - review & editing. LG-H: Investigation, Writing — review &
editing, Resources. JA-V: Investigation, Resources, Writing — review &
editing. PM-A: Investigation, Resources, Writing — review & editing.
RC-S: Investigation, Visualization, Writing — review & editing. KS-R:
Conceptualization, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing — original draft, Writing — review
& editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. This work was funded by
“Funds for Projects to Promote Research (PIN 2021-1I)” from the
University Center of Health Sciences of the University of
Guadalajara and by 2023 Frontier Science from SECIHTI (CF-
2023-1-1079).

Acknowledgments

To BSc Cristina Rangel, and BEd Beatriz Alejandra Cortes, for
their support in the technical aspects of the project.

References

1. 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) 24:2657. doi: 10.1186/s12889-024-20118-3

2. Pao V, Lee GA, Grunfeld C. HIV therapy, metabolic syndrome, and
cardiovascular risk. Curr Atheroscler Rep. (2008) 10:61-70. doi: 10.1007/s11883-008-
0010-6

3. Koethe JR, Moser C, Brown TT, Stein JH, Kelesidis T, Dube M, et al. Adipokines,
weight gain and metabolic and inflammatory markers after antiretroviral therapy
initiation: AIDS clinical trials group (ACTG) A5260s. Clin Infect Diseases. (2022)
74:857-64. doi: 10.1093/cid/ciab542

4. Bratt G, Brannstrom J, Missalidis C, Nystrém T. Development of type 2 diabetes
and insulin resistance in people with HIV infection: Prevalence, incidence and
associated factors. PloS One. (2021) 16:€0254079. doi: 10.1371/journal.pone.0254079

5. Simon L, Ferguson TF, Vande Stouwe C, Brashear MM, Primeaux SD, Theall KP,
et al. Prevalence of insulin resistance in adults living with HIV: implications of alcohol
use. AIDS Res Hum Retroviruses. (2020) 36:742-52. doi: 10.1089/aid.2020.0029

6. Noumegni SRN, Nansseu JR, Ama VJM, Bigna J], Assah FK, Guewo-Fokeng M,
et al. Insulin resistance and associated factors among HIV-infected patients in sub-
Saharan Africa: a cross sectional study from Cameroon. Lipids Health Dis. (2017)
16:148. doi: 10.1186/s12944-017-0543-1

7. O’Halloran JA, Sahrmann J, Parra-Rodriguez L, Vo DT, Butler AM, Olsen MA,
et al. Integrase strand transfer inhibitors are associated with incident diabetes mellitus
in people with human immunodeficiency virus. Clin Infect Diseases. (2022) 75:2060-5.
doi: 10.1093/cid/ciac355

8. Rupasinghe D, Bansi-Matharu L, Law M, Zangerle R, Rauch A, Tarr PE, et al.
Integrase strand transfer inhibitor-related changes in body mass index and risk of
diabetes: A prospective study from the RESPOND cohort consortium. Clin Infect
Diseases. (2025) 80:404-16. doi: 10.1093/cid/ciae406

9. Ursenbach A, Sireyjol A, Delpierre C, Duvivier C, Hocqueloux L, Rey D. Increased
incidence of diabetes in people living with HIV treated with first-line integrase strand
transfer inhibitors: A French multicentre retrospective study. HIV Med. (2025) 26:166—
72. doi: 10.1111/hiv.13698

Frontiers in Endocrinology

10.3389/fendo.2025.1669148

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Wen X, Zhang B, Wu B, Xiao H, Li Z, Li R, et al. Signaling pathways in obesity:
mechanisms and therapeutic interventions. Signal Transduct Target Ther. (2022) 7:298.
doi: 10.1038/s41392-022-01149-x

11. Han W, Yang S, Xiao H, Wang M, Ye J, Cao L, et al. Role of adiponectin in
cardiovascular diseases related to glucose and lipid metabolism disorders. Int ] Mol Sci.
(2022) 23:15627. doi: 10.3390/ijms232415627

12. Li M, Chi X, Wang Y, Setrerrahmane S, Xie W, Xu H. Trends in insulin
resistance: insights into mechanisms and therapeutic strategy. Signal Transduct Target
Ther. (2022) 7:216. doi: 10.1038/s41392-022-01073-0

13. Sasaki N, Ueno Y, Higashi Y. Indicators of insulin resistance in clinical practice.
Hypertension Res. (2024) 47:978-80. doi: 10.1038/541440-023-01566-7

14. LeeJ, Kim B, Kim W, Ahn C, Choi HY, Kim JG, et al. Lipid indices as simple and
clinically useful surrogate markers for insulin resistance in the U.S. population. Sci Rep.
(2021) 11:2366. doi: 10.1038/541598-021-82053-2

15. ChoiJ, Kim J, Oh HS. Relationship between insulin resistance surrogate markers
with diabetes and dyslipidemia: A Bayesian network analysis of Korean adults. PloS
One. (2025) 20:¢0323329. doi: 10.1371/journal.pone.0323329

16. Marra A, Bondesan A, Caroli D, Sartorio A. Complete blood count (CBC)-
derived inflammation indexes are useful in predicting metabolic syndrome in adults
with severe obesity. J Clin Med. (2024) 13:1353. doi: 10.3390/jcm13051353

17. Kula AC. Retrospective analysis of the relationship between neutrophil-to-
lymphocyte ratio, platelet-to-lymphocyte ratio, and glycemic regulation in patients
with type 2 diabetes mellitus followed up at an internal medicine outpatient clinic. J
Surg Med. (2023) 7:404-8. doi: 10.28982/josam.7795

18. Adams-Huet B, Jialal I. An increasing triglyceride-glucose index is associated
with a pro-inflammatory and pro-oxidant phenotype. J Clin Med. (2024) 13:3941.
doi: 10.3390/jcm13133941

19. Yu JY, Choi WJ, Lee HS, Lee JW. Relationship between inflammatory markers
and visceral obesity in obese and overweight Korean adults. Medicine. (2019) 98:
€14740. doi: 10.1097/MD.0000000000014740

20. Matsuhisa M, Yamasaki Y, Emoto M, Shimabukuro M, Funahashi T, Matsuzawa
Y. A novel index of insulin resistance determined from the homeostasis model

frontiersin.org


https://doi.org/10.1186/s12889-024-20118-3
https://doi.org/10.1007/s11883-008-0010-6
https://doi.org/10.1007/s11883-008-0010-6
https://doi.org/10.1093/cid/ciab542
https://doi.org/10.1371/journal.pone.0254079
https://doi.org/10.1089/aid.2020.0029
https://doi.org/10.1186/s12944-017-0543-1
https://doi.org/10.1093/cid/ciac355
https://doi.org/10.1093/cid/ciae406
https://doi.org/10.1111/hiv.13698
https://doi.org/10.1038/s41392-022-01149-x
https://doi.org/10.3390/ijms232415627
https://doi.org/10.1038/s41392-022-01073-0
https://doi.org/10.1038/s41440-023-01566-7
https://doi.org/10.1038/s41598-021-82053-2
https://doi.org/10.1371/journal.pone.0323329
https://doi.org/10.3390/jcm13051353
https://doi.org/10.28982/josam.7795
https://doi.org/10.3390/jcm13133941
https://doi.org/10.1097/MD.0000000000014740
https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Anaya-Ambriz et al.

assessment index and adiponectin levels in Japanese subjects. Diabetes Res Clin Pract.
(2007) 77:151-4. doi: 10.1016/j.diabres.2006.10.005

21. da Silva C dAe C, Zambon MP, Vasques ACJ, Camilo DF, De Bernardi Rodrigues
AM, Antonio MAR de GM, et al. Homeostatic model assessment of adiponectin
(HOMA-Adiponectin) as a surrogate measure of insulin resistance in adolescents:
Comparison with the hyperglycaemic clamp and homeostatic model assessment of
insulin resistance. PloS One. (2019) 14:¢0214081. doi: 10.1371/journal.pone.0214081

22. Vilela BS, Vasques ACJ, Cassani RSL, Pareja JC, Tambascia MA, Forti ACE, et al.
The HOMA-adiponectin (HOMA-AD) closely mirrors the HOMA-IR index in the
screening of insulin resistance in the Brazilian metabolic syndrome study (BRAMS).
PloS One. (2016) 11:e0158751. doi: 10.1371/journal.pone.0158751

23. Banerjee J, Dhas Y, Mishra N. HOMA-adiponectin closely associates with
cardiometabolic risk markers in middle-aged Indians with metabolic syndrome. Exp
Clin Endocrinol Diabetes. (2021) 129:449-56. doi: 10.1055/a-1120-8163

24. Huang K, Liang Y, Ma Y, Wu J, Luo H, Yi B. The variation and correlation of
serum adiponectin, nesfatin-1, IL-6, and TNF-o Levels in prediabetes. Front Endocrinol
(Lausanne). (2022) 13. doi: 10.3389/fendo.2022.774272

25. Endukuru CK, Gaur GS, Yerrabelli D, Sahoo J, Vairappan B. Cut-off values and
clinical utility of surrogate markers for insulin resistance and beta-cell function to
identify metabolic syndrome and its components among southern Indian adults. ] Obes
Metab Syndr. (2020) 29:281-91. doi: 10.7570/jomes20071

26. Widjaja NA, Irawan R, Hanindita MH, Ugrasena I, Handajani R. METS-IR vs.
HOMA-AD and metabolic syndrome in obese adolescents. ] Med Invest. (2023) 70:7-
16. doi: 10.2152/jmi.70.7

27. ElSayed NA, McCoy RG, Aleppo G, Balapattabi K, Beverly EA, Briggs Early K,
et al. Diagnosis and classification of diabetes: standards of care in diabetes—2025.
Diabetes Care. (2025) 48:527-49.

28. Waist circumference and waist-hip ratio : report of a WHO expert consultation,
Geneva, 8-11 December 2008. World Health Organization (2011). p. 39. Available
online at: https://www.who.int/publications/i/item/9789241501491.

29. Markakis K, Tsachouridou O, Georgianou E, Pilalas D, Nanoudis S, Metallidis S.
Weight gain in HIV adults receiving antiretroviral treatment: current knowledge and
future perspectives. Life. (2024) 14:1367. doi: 10.3390/life14111367

30. Moyo-Chilufya M, Maluleke K, Kgarosi K, Muyoyeta M, Hongoro C, Musekiwa
A. The burden of non-communicable diseases among people living with HIV in Sub-
Saharan Africa: a systematic review and meta-analysis. EClinicalMedicine. (2023)
65:102255. doi: 10.1016/j.eclinm.2023.102255

31. Chandiwana NC, Siedner MJ, Marconi VC, Hill A, Ali MK, Batterham RL, et al.
Weight gain after HIV therapy initiation: pathophysiology and implications. J Clin
Endocrinol Metab. (2024) 109:e478-87. doi: 10.1210/clinem/dgad411

32. Ros Pérez M, Medina-Gomez G. Obesity, adipogenesis and insulin resistance.
Endocrinologia y Nutricion (English Edition). (2011) 58:360-9.
33. Zhao X, An X, Yang C, Sun W, Ji H, Lian F. The crucial role and mechanism of

insulin resistance in metabolic disease. Front Endocrinol (Lausanne). (2023) 14, 14.
doi: 10.3389/fend0.2023.1149239

34. Xu L, Chen M, Yan C, Li X, Ni X, Zhou M, et al. Age-specific abnormal glucose
metabolism in HIV-positive people on antiviral therapy in China: a multicenter case-
control study. Ann Med. (2025) 57:1-9. doi: 10.1080/07853890.2024.2427910

35. Gooden TE, Wang ], 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) 24:640-7. doi: 10.1111/hiv.13375

36. Mavarani L, Albayrak-Rena S, Potthoff A, Hower M, Dolff S, Sammet S, et al.
Changes in body mass index, weight, and waist-to-hip ratio over five years in HIV-
positive individuals in the HIV Heart Aging Study compared to the general population.
Infection. (2023) 51:1081-91. doi: 10.1007/s15010-023-02009-8

37. 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) 45:190-209. doi: 10.1210/endrev/bnad028

38. Campos-Nonato I, Ramirez-Villalobos M, Monterrubio-Flores E, Mendoza-
Herrera K, Aguilar-Salinas C, Pedroza-Tobias A, et al. Prevalence of metabolic
syndrome and combinations of its components: findings from the mexican national
health and nutrition survey, 2021. Metab Syndr Relat Disord. (2025) 12:193-204.
doi: 10.1089/met.2024.0179

39. Dimala CA, Ngu RC, Kadia BM, Tianyi FL, Choukem SP. Markers of adiposity
in HIV/AIDS patients: Agreement between waist circumference, waist-to-hip ratio,
waist-to-height ratio and body mass index. PloS One. (2018) 13:€0194653. doi: 10.1371/
journal.pone.0194653

40. Mata Marin JA, Velasco-Penagos JC, Mauss S, Rodriguez-Evaristo MS, Perez-
Barragan E, Villa-Platas J, et al. Weight gain and metabolic disturbances in people
living with HIV who start antiretroviral therapy with, or switch to, bictegravir/
emtricitabine/tenofovir alafenamide after 48 weeks of treatment: A real-world
prospective study. Int ] STD AIDS. (2024) 35:33-8. doi: 10.1177/09564624231196605

41. Capeau J, Lagathu C, Béréziat V. Recent data on the role of antiretroviral therapy
in weight gain and obesity in persons living with HIV. Curr Opin HIV AIDS. (2024)
19:14-20. doi: 10.1097/COH.0000000000000833

42. Bourgi K, Rebeiro PF, Turner M, Castilho JL, Hulgan T, Raffanti SP, et al.
Greater weight gain in treatment-naive persons starting dolutegravir-based
antiretroviral therapy. Clin Infect Diseases. (2020) 70:1267-74. doi: 10.1093/cid/ciz407

Frontiers in Endocrinology

21

10.3389/fendo.2025.1669148

43. De Greef J, Nguyen KN, Van Hul M, Puel A, Yombi JC, Vandercam B, et al.
Associations between weight gain, integrase inhibitors antiretroviral agents, and gut
microbiome in people living with HIV: a cross-sectional study. Sci Rep. (2025)
15:22603. doi: 10.1038/s41598-025-06500-0

44. Dias da Costa S, Bichanga E, Cruz F, Guimarées AR, Pifieiro C, Santos-Sousa H, et al.
Diabetes mellitus in patients with HIV naive to antiretroviral therapy initiating integrase
inhibitors therapy. Sci Rep. (2025) 15:20439. doi: 10.1038/s41598-025-02688-3

45. Pedro MN, Rocha GZ, Guadagnini D, Santos A, Magro DO, Assalin HB, et al.
Insulin resistance in HIV-patients: causes and consequences. Front Endocrinol
(Lausanne). (2018) 5:9. doi: 10.3389/fendo.2018.00514

46. Sims EK, Park G, Mather KJ, Mirmira RG, Liu Z, Gupta SK. Immune reconstitution in
ART treated, but not untreated HIV infection, is associated with abnormal beta cell function.
PloS One. (2018) 13:¢0197080. doi: 10.1371/journal.pone.0197080

47. Samaras K, Gan SK, Peake PW, Carr A, Campbell LV. Proinflammatory
markers, insulin sensitivity, and cardiometabolic risk factors in treated HIV
infection. Obesity. (2009) 17:53-9. doi: 10.1038/0by.2008.500

48. Njoroge A, Augusto O, Page ST, Kigondu C, Oluka M, Puttkammer N, et al.
Increased risk of prediabetes among virally suppressed adults with HIV in Central
Kenya detected using glycated haemoglobin and fasting blood glucose. Endocrinol
Diabetes Metab. (2021) 4:1-8. doi: 10.1002/edm2.292

49. Lau DCW, Dhillon B, Yan H, Szmitko PE, Verma S. Adipokines: molecular links
between obesity and atheroslcerosis. Am ] Physiology-Heart Circulatory Physiol. (2005)
288:H2031-41. doi: 10.1152/ajpheart.01058.2004

50. Mohammed Saced W, Nasser Binjawhar D. Association of serum leptin and
adiponectin concentrations with type 2 diabetes biomarkers and complications among saudi
women. Diabetes Metab Syndrome Obes. (2023) 16:2129-40. doi: 10.2147/DMSO.5405476

51. Gong X, You L, Li F, Chen Q, Chen C, Zhang X, et al. The association of
adiponectin with risk of pre-diabetes and diabetes in different subgroups: cluster
analysis of a general population in south China. Endocr Connect. (2021) 10:1410-9.
doi: 10.1530/EC-21-0235

52. Bétené A Dooko C, De Wit S, Neuhaus ], Palfreeman A, Pepe R, Pankow JS, et al.
Interleukin-6, high sensitivity C-reactive protein, and the development of type 2 diabetes
among HIV-positive patients taking antiretroviral therapy. JAIDS ] Acquired Immune
Deficiency Syndromes. (2014) 67:538-46. doi: 10.1097/QAIL0000000000000354

53. Hove-Skovsgaard M, Gaardbo JC, Kolte L, Winding K, Seljeflot I, Svardal A, et al.
HIV-infected persons with type 2 diabetes show evidence of endothelial dysfunction and
increased inflammation. BMC Infect Dis. (2017) 17:234. doi: 10.1186/s12879-017-2334-8

54. Zhao X, Niu Y, Zhao XL, Ruan HJ, Xiang Y, Wang LY, et al. Associations between
serum TNF-o,, IL-6, hs-CRP and GLMD in obese children and adolescents: A cross-sectional
study. Diabetes Metab Syndrome Obes. (2023) 16:3915-23. doi: 10.2147/DMSO.5434482

55. Nisar M, Igbal MUN. Influence of hs-CRP, IL-6 and TNF-o and it’s role in
dyslipidemia and type 2 diabetes in population of Karachi, Pakistan. Pak ] Pharm Sci.
(2021) 34:1217-25.

56. Gastaldelli A. Measuring and estimating insulin resistance in clinical and
research settings. Obesity. (2022) 30:1549-63. doi: 10.1002/0by.23503

57. Liu DF, Zhang XY, Zhou RF, Cai L, Yan DM, Lan LJ, et al. Glucose metabolism
continuous deteriorating in male patients with human immunodeficiency virus
accepted antiretroviral therapy for 156 weeks. World ] Diabetes. (2023) 14:299-312.

58. 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)
294:120329. doi: 10.1016/j.1£5.2022.120329

59. Nolan NS, Adamson S, Reeds D, O’Halloran JA. Bictegravir-based antiretroviral
therapy-associated accelerated hyperglycemia and diabetes mellitus. Open Forum Infect
Dis. (2021) 8:1-3. doi: 10.1093/ofid/ofab077

60. Haugaard SB, Andersen O, Volund A, Hansen BR, Iversen ], Andersen UB, et al.
B-Cell dysfunction and low insulin clearance in insulin-resistant human
immunodeficiency virus (HIV)-infected patients with lipodystrophy. Clin Endocrinol
(Oxf). (2005) 62:354-61. doi: 10.1111/j.1365-2265.2005.02223.x

61. Mulligan K, Grunfeld C, Tai VW, Algren H, Pang M, Chernoff DN, et al.
Hyperlipidemia and insulin resistance are induced by protease inhibitors independent
of changes in body composition in patients with HIV infection. JAIDS ] Acquired
Immune Deficiency Syndromes. (2000) 23:35-43.

62. Sydney C, Nandlal L, Haffejee F, Kathoon J, Naicker T. Lipid profiles of HIV-infected
diabetic patients. ] Endocrinology Metab Diabetes South Africa. (2023) 28:56-61.

63. Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral adiposity index. Diabetes Care. (2010) 33:920-2. doi: 10.2337/dc09-1825

64. Frithbeck G, Catalan V, Rodriguez A, Gomez-Ambrosi J. Adiponectin-leptin ratio: A
promising index to estimate adipose tissue dysfunction. Relation obesity-associated
cardiometabolic risk. Adipocyte. (2018) 7:57-62. doi: 10.1080/21623945.2017.1402151

65. Sun L, Luo Y, Jia X, Wang H, Zhao F, Zhang L, et al. Association between the
triglyceride to high-density lipoprotein cholesterol ratio and cardiovascular diseases in people
living with human immunodeficiency virus: Evidence from a retrospectively cohort study
2005-2022. Chin Med J (Engl). (2024) 137:2712-9. doi: 10.1097/CM9.0000000000003326

66. Zhang H, Lu J, Gao J, Sha W, Cai X, Rouzi MRYM, et al. Association of
monocyte-to-HDL cholesterol ratio with endothelial dysfunction in patients with type
2 diabetes. J Diabetes Res. (2024) 2024:1-7. doi: 10.1155/2024/5287580

frontiersin.org


https://doi.org/10.1016/j.diabres.2006.10.005
https://doi.org/10.1371/journal.pone.0214081
https://doi.org/10.1371/journal.pone.0158751
https://doi.org/10.1055/a-1120-8163
https://doi.org/10.3389/fendo.2022.774272
https://doi.org/10.7570/jomes20071
https://doi.org/10.2152/jmi.70.7
https://www.who.int/publications/i/item/9789241501491
https://doi.org/10.3390/life14111367
https://doi.org/10.1016/j.eclinm.2023.102255
https://doi.org/10.1210/clinem/dgad411
https://doi.org/10.3389/fendo.2023.1149239
https://doi.org/10.1080/07853890.2024.2427910
https://doi.org/10.1111/hiv.13375
https://doi.org/10.1007/s15010-023-02009-8
https://doi.org/10.1210/endrev/bnad028
https://doi.org/10.1089/met.2024.0179
https://doi.org/10.1371/journal.pone.0194653
https://doi.org/10.1371/journal.pone.0194653
https://doi.org/10.1177/09564624231196605
https://doi.org/10.1097/COH.0000000000000833
https://doi.org/10.1093/cid/ciz407
https://doi.org/10.1038/s41598-025-06500-0
https://doi.org/10.1038/s41598-025-02688-3
https://doi.org/10.3389/fendo.2018.00514
https://doi.org/10.1371/journal.pone.0197080
https://doi.org/10.1038/oby.2008.500
https://doi.org/10.1002/edm2.292
https://doi.org/10.1152/ajpheart.01058.2004
https://doi.org/10.2147/DMSO.S405476
https://doi.org/10.1530/EC-21-0235
https://doi.org/10.1097/QAI.0000000000000354
https://doi.org/10.1186/s12879-017-2334-8
https://doi.org/10.2147/DMSO.S434482
https://doi.org/10.1002/oby.23503
https://doi.org/10.1016/j.lfs.2022.120329
https://doi.org/10.1093/ofid/ofab077
https://doi.org/10.1111/j.1365-2265.2005.02223.x
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1080/21623945.2017.1402151
https://doi.org/10.1097/CM9.0000000000003326
https://doi.org/10.1155/2024/5287580
https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Anaya-Ambriz et al.

67. Wen ], Wang A, Liu G, Wang M, Zuo Y, Li W, et al. Elevated triglyceride-glucose
(TyG) index predicts incidence of Prediabetes: a prospective cohort study in China.
Lipids Health Dis. (2020) 19:226. doi: 10.1186/s12944-020-01401-9

68. chia KT, bor L, lun YC, Wang B, xin CL, Su Cp. Association of insulin resistance
indicators with hepatic steatosis and fibrosis in patients with metabolic syndrome. BMC
Gastroenterol. (2024) 24:26. doi: 10.1186/s12876-023-03095-6

69. Pan L, Zou H, Meng X, Li D, Li W, Chen X, et al. Predictive values of metabolic
score for insulin resistance on risk of major adverse cardiovascular events and
comparison with other insulin resistance indices among Chinese with and without
diabetes mellitus: Results from the 4C cohort study. ] Diabetes Investig. (2023) 14::961-
72. doi: 10.1111/jdi.14024

70. Jurczewska J, Ostrowska J, Chetchowska M, Panczyk M, Rudnicka E, Kucharski
M, et al. Physical activity, rather than diet, is linked to lower insulin resistance in PCOS
women—A case-control study. Nutrients. (2023) 15:2111. doi: 10.3390/nu15092111

71. Zhang Y, DuM, Li Z, Wang X, Leng M, Huang Y, et al. The correlation between
visceral fat area to skeletal muscle mass ratio and multiorgan insulin resistance in

Frontiers in Endocrinology

22

10.3389/fendo.2025.1669148

chinese population with obesity. . Int ] Endocrinol. (2024) 2024:1-11. doi: 10.1155/
2024/1297584

72. Martins Kattah F, Janjusevic M, Figueiredo N, Santos Oliveira E, Carielo Lima G,
Damaso AR, et al. HOMA-IR as a predictor of PAI-1 levels in women with severe
obesity. Biomedicines. (2024) 12:1222. doi: 10.3390/biomedicines12061222

73. Makiel K, Suder A, Targosz A, Maciejczyk M, Haim A. Exercise-induced
alternations of adiponectin, interleukin-8 and indicators of carbohydrate metabolism
in males with metabolic syndrome. Biomolecules. (2023) 13:852. doi: 10.3390/
biom13050852

74. Budak GG, Vatan A, Giiglii E, Karabay O. Concordance between homeostatic model
assessment and triglyceride glucose index in assessing insulin resistance among HIV-infected
patients. Saudi Med J. (2025) 46:157-62. doi: 10.15537/smj.2025.46.2.20240769

75. Harbuwono DS, Tahapary DL, Setiati S, Yunihastuti E, Tarigan TJE. Defining
the optimum HOMA-IR cut-off value for insulin resistance among ARV-treated HIV
patients in Indonesia. Diabetes Metab Syndrome: Clin Res Rev. (2023) 17:102719.
doi: 10.1016/j.dsx.2023.102719

frontiersin.org


https://doi.org/10.1186/s12944-020-01401-9
https://doi.org/10.1186/s12876-023-03095-6
https://doi.org/10.1111/jdi.14024
https://doi.org/10.3390/nu15092111
https://doi.org/10.1155/2024/1297584
https://doi.org/10.1155/2024/1297584
https://doi.org/10.3390/biomedicines12061222
https://doi.org/10.3390/biom13050852
https://doi.org/10.3390/biom13050852
https://doi.org/10.15537/smj.2025.46.2.20240769
https://doi.org/10.1016/j.dsx.2023.102719
https://doi.org/10.3389/fendo.2025.1669148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	HOMA-AD, inflammation, and adipose tissue dysfunction as key drivers of immunometabolic risk in people living with HIV and type 2 diabetes
	1 Introduction
	2 Materials and methods
	2.1 Study population and ethical statement
	2.2 Study design and patient selection
	2.3 Serological status and clinical characteristics
	2.4 Data collection and laboratory assessment
	2.5 Measurement of AD and inflammatory cytokines
	2.6 Calculation of HOMA-AD and surrogate indices of insulin resistance
	2.7 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


