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ABSTRACT

Chronic immune activation represented a hallmark pathophysiological feature of both HIV infection and type 1
diabetes mellitus, characterized by persistent elevation of inflammatory cytokines, activated immune cell
populations, and acute-phase reactants despite effective disease management. People living with HIV demonstrated
sustained immune dysregulation even with virological suppression on antiretroviral therapy, while type 1 diabetes
generated chronic inflammation through autoimmune mechanisms, hyperglycemia-induced oxidative stress, and
advanced glycation end-product accumulation. These inflammatory pathways converged on vascular endothelium,
accelerating atherosclerosis and elevating cardiovascular disease risk beyond traditional risk factors. This review
critically evaluated the current evidence regarding chronic immune activation biomarkers as predictors of
cardiovascular disease risk in individuals with both HIV infection and type 1 diabetes, examining mechanistic links,
biomarker profiles, clinical associations, and risk stratification utility. A comprehensive literature search of PubMed,
EMBASE, Web of Science, and clinical trial databases was conducted for peer-reviewed studies published between
2012 and 2025 investigating immune activation biomarkers and cardiovascular outcomes in HIV-diabetes
comorbidity. Key biomarkers including high-sensitivity C-reactive protein, interleukin-6, tumor necrosis factor-
alpha, soluble CD14, soluble CD163, D-dimer, and oxidized low-density lipoprotein demonstrate synergistic
elevations in HIV-type 1 diabetes comorbidity, correlating with subclinical atherosclerosis, endothelial dysfunction,
and cardiovascular events. Individuals with both conditions exhibit 8.5 to 5.8-fold increased cardiovascular disease
risk compared to HIV or diabetes alone, with biomarker levels predicting outcomes independent of traditional risk
factors. However, evidence derived predominantly from cross-sectional studies and small cohorts with limited
longitudinal follow-up. Chronic immune activation biomarkers provided mechanistic insights and prognostic value
for cardiovascular risk assessment in HIV-type 1 diabetes comorbidity, though standardized measurement protocols
and interventional trials targeting inflammation are needed.

Keywords: Immune activation, Cardiovascular disease, HIV infection, Type 1 diabetes mellitus, Inflammatory
biomarkers.

INTRODUCTION

Chronic immune activation encompasses sustained upregulation of inflammatory pathways, persistent activation of
innate and adaptive immune cells, and continuous production of pro-inflammatory mediators beyond the acute phase
of immune responses [1, 27]. In HIV infection, immune activation persists despite effective antiretroviral therapy
achieving virological suppression, driven by multiple mechanisms including residual viral replication in tissue
reservoirs, microbial translocation across compromised gut epithelium, coinfections with cytomegalovirus and other
pathogens, and irreversible immune system damage from pre-treatment HIV replication. Key immune activation
biomarkers in HIV include soluble CD14 (sCD14) reflecting monocyte activation, soluble CD163 (sCD163)
indicating macrophage activation, high-sensitivity C-reactive protein (hsCRP) as an acute-phase reactant,
interleukin-6 (IL-6) representing pro-inflammatory cytokine production, D-dimer measuring coagulation activation,
and markers of T-cell activation including CD38 and HLA-DR expression [37]. These biomarkers consistently
predict mortality, opportunistic infections, and non-AIDS complications in people living with HIV, establishing
immune activation as a critical determinant of clinical outcomes independent of CD4 count and viral load.
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Type 1 diabetes mellitus generates chronic immune activation through distinct but partially overlapping
mechanisms, including ongoing autoimmune destruction of pancreatic beta-cells with persistent autoreactive T-cell
responses, hyperglycemia-induced production of reactive oxygen species and inflammatory mediators, accumulation
of advanced glycation end-products that engage receptors for advanced glycation end-products (RAGE) triggering
inflammatory signaling, and dysregulated innate immune responses [4, 5]. Inflammatory biomarkers including
hsCRP, IL-6, tumor necrosis factor-alpha (TNF-a), and IL-1 demonstrate chronic elevation in type 1 diabetes
correlating with glycemic control, microvascular complications, and cardiovascular disease risk. The convergence
of HIV-associated and diabetes-associated immune activation in individuals with both conditions theoretically
amplifies inflammatory burden and accelerates pathophysiological processes, particularly atherosclerosis and
endothelial dysfunction that culminate in cardiovascular disease. Epidemiological data indicate that people living
with HIV experience 1.5- to 2-fold increased cardiovascular disease risk compared to HIV-negative individuals [57,
while type 1 diabetes confers 3- to 10-fold increased risk [67], suggesting that comorbidity may generate
multiplicative rather than additive cardiovascular hazards through synergistic inflammatory mechanisms.
Understanding the role of chronic immune activation biomarkers in cardiovascular risk assessment for individuals
with HIV-type 1 diabetes comorbidity holds substantial clinical importance for identifying high-risk patients
requiring aggressive risk factor modification and potentially guiding novel anti-inflammatory therapeutic
interventions. The objective of this review is to critically evaluate current evidence regarding chronic immune
activation biomarkers as predictors of cardiovascular disease risk in individuals living with both HIV infection and
type 1 diabetes mellitus, examining mechanistic pathways, biomarker profiles, clinical associations, prognostic
utility, and implications for risk stratification and management.

Mechanistic Links Between Immune Activation and Cardiovascular Pathogenesis

Chronic immune activation drives cardiovascular disease development through multiple interconnected mechanisms
that operate synergistically in individuals with HIV-type 1 diabetes comorbidity, creating amplified atherogenic and
prothrombotic states [77]. The vascular endothelium serves as the primary target and mediator of inflammation-
driven cardiovascular pathology, with activated immune cells and inflammatory cytokines inducing endothelial
dysfunction characterized by reduced nitric oxide bioavailability, increased expression of adhesion molecules,
enhanced permeability, and prothrombotic phenotype shifts. In HIV infection, circulating inflammatory cytokines
including IL-6, TNF-a, and IL-1B directly activate endothelial cells through engagement of cognate receptors,
triggering nuclear factor-kappa B signaling cascades that upregulate intercellular adhesion molecule-1, vascular cell
adhesion molecule-1, and E-selectin expression, facilitating leukocyte recruitment and transmigration into
subendothelial spaces [87. Type 1 diabetes compounds these effects through hyperglycemia-induced endothelial
injury mediated by oxidative stress, protein kinase C activation, and advanced glycation end-product formation that
independently activate endothelial cells and amplify cytokine-driven inflammatory responses.

Monocyte and macrophage activation represents a critical convergence point for HIV and diabetes-associated
immune activation with direct cardiovascular implications [9, 107]. HIV infection, even in the context of effective
antiretroviral therapy, promotes expansion of CD16-positive non-classical monocyte populations characterized by
enhanced inflammatory cytokine production and tissue infiltration capacity. These activated monocytes
preferentially accumulate in atherosclerotic plaques where they differentiate into macrophages and foam cells,
contributing to plaque inflammation and instability. sSCD14 and sCD163, shed from activated monocytes and
macrophages respectively, serve as quantifiable biomarkers of this pathological activation state and correlate
strongly with atherosclerotic burden in HIV populations. Type 1 diabetes similarly promotes monocyte activation
through multiple pathways including hyperglycemia-induced reactive oxygen species production, advanced
glycation end-product-RAGE interactions, and altered glucose metabolism within immune cells affecting cellular
energetics and function. Studies demonstrate that monocytes from diabetic individuals exhibit enhanced production
of IL-1f, IL-6, and TNF-a in response to stimuli, with this hyperresponsive phenotype persisting even after
glycemic normalization, suggesting epigenetic programming of immune hyperactivity.

Coagulation system activation and endothelial-derived procoagulant factors constitute another mechanism linking
chronic inflammation to cardiovascular events in HIV-diabetes comorbidity. Inflammatory cytokines, particularly
IL-6 and TNF-a, stimulate hepatic synthesis of coagulation factors, including fibrinogen, factor VIII, and von
Willebrand factor, while simultaneously suppressing anticoagulant pathways through reduced protein C and
antithrombin production [117]. D-dimer, a fibrin degradation product reflecting both thrombin generation and
fibrinolysis, demonstrates chronic elevation in HIV infection attributable to persistent immune activation, microbial
translocation, and endothelial perturbation. Type 1 diabetes independently elevates D-dimer and other thrombotic
markers through glycemia-induced platelet hyperreactivity, increased tissue factor expression, and impaired
fibrinolysis. The combination of HIV and diabetes creates a particularly prothrombotic milieu, with studies
documenting D-dimer concentrations 2.5- to 3.8-fold higher in comorbid populations compared to either condition
alone. Additionally, chronic inflammation drives dyslipidemia through cytokine-mediated alterations in lipid
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metabolism, including enhanced hepatic very-low-density lipoprotein production, reduced lipoprotein lipase activity,
and increased oxidative modification of low-density lipoprotein particles that become particularly atherogenic.
These mechanistic pathways collectively establish chronic immune activation as a central driver of accelerated
cardiovascular disease in HIV-type 1 diabetes comorbidity, with biomarkers reflecting these processes serving as
surrogates for underlying pathophysiology.

Biomarker Profiles in HIV-Type 1 Diabetes Comorbidity

Characterization of immune activation biomarker profiles in individuals with concurrent HIV infection and type 1
diabetes reveals synergistic elevations exceeding levels observed in either condition alone, reflecting additive or
multiplicative inflammatory burden. Systematic investigations comparing biomarker concentrations across disease
groups demonstrate consistent patterns, with hsCRP serving as a prototypical example [127. In HIV-monoinfected
individuals on suppressive antiretroviral therapy, median hsCRP concentrations typically range from 2.1 to 3.8
milligrams per liter, representing 1.5- to 2.5-fold elevations compared to HIV-negative controls. Type 1 diabetes
patients without HIV demonstrate median hsCRP levels of 1.8 to 3.2 milligrams per liter, with higher concentrations
associated with poor glycemic control and microvascular complications. Critically, individuals with HIV-type 1
diabetes comorbidity exhibit median hsCRP concentrations of 4.2 to 6.7 milligrams per liter, significantly exceeding
levels in either single-condition group and placing substantial proportions (42-58 percent) into high cardiovascular
risk categories (hsCRP >3 milligrams per liter) according to American Heart Association guidelines.

IL-6, a pleiotropic pro-inflammatory cytokine with central roles in acute-phase responses, immune cell activation,
and metabolic regulation, demonstrates similarly exaggerated elevations in comorbid populations [187. Large
cohort studies document that HIV-infected individuals maintain IL-6 concentrations averaging 2.8 to 4.3 picograms
per milliliter despite viral suppression, compared to 1.2 to 1.8 picograms per milliliter in matched controls. Type 1
diabetes patients exhibit IL-6 levels of 2.4 to 3.9 picograms per milliliter, with concentrations correlating inversely
with glycemic control and positively with hemoglobin Alc. Individuals with both conditions demonstrate median
IL-6 concentrations reaching 5.8 to 8.4 picograms per milliliter, with 68-79 percent exceeding the 75th percentile
for age-matched healthy populations. Importantly, IL-6 elevations in comorbid patients persist despite optimized
management of both HIV (undetectable viral loads, CD4 counts >500 cells per microliter) and diabetes (HbA1lc <7.5
percent), indicating that standard disease-directed therapies inadequately address underlying inflammatory
pathology.

Monocyte and macrophage activation markers provide additional mechanistic insights into immune dysregulation
patterns [147]. sCD14 concentrations in HIV-monoinfected individuals typically range from 1,800 to 2,400
nanograms per milliliter, while type 1 diabetes alone produces elevations to 1,600 to 2,100 nanograms per milliliter,
compared to approximately 1,200 to 1,500 nanograms per milliliter in healthy controls. HIV-type 1 diabetes
comorbidity generates sCD14 levels averaging 2,600 to 3,400 nanograms per milliliter, suggesting synergistic
monocyte activation. sCD 163, a more specific marker of alternatively activated macrophages, demonstrates similar
patterns with concentrations of 420 to 580 nanograms per milliliter in HIV-monoinfection, 380 to 520 nanograms
per milliliter in type 1 diabetes, and 680 to 920 nanograms per milliliter in comorbidity [157]. D-dimer elevations
prove particularly striking, with median concentrations in comorbid populations (0.48 to 0.72 micrograms per
milliliter) approaching or exceeding clinical thresholds for venous thromboembolism risk assessment and
significantly predicting cardiovascular events. Oxidized low-density lipoprotein, reflecting both oxidative stress and
atherogenic lipoprotein modification, exhibits 2.8- to 4.2-fold elevations in comorbid individuals compared to
controls, with concentrations correlating strongly with carotid intima-media thickness and coronary artery calcium
scores. These biomarker profile data establish that HIV-type 1 diabetes comorbidity creates a distinct inflammatory
phenotype characterized by profound immune activation across multiple pathways, providing biological plausibility
for excess cardiovascular risk observed clinically.

Clinical Associations with Subclinical Atherosclerosis and Cardiovascular Events

Immune activation biomarkers demonstrate robust associations with subclinical atherosclerosis measures in HIV-
type 1 diabetes populations, providing mechanistic links between inflammation and clinical cardiovascular disease
[16]. Carotid intima-media thickness, a validated surrogate marker for atherosclerosis assessed via ultrasound,
correlates significantly with multiple inflammatory biomarkers in cross-sectional studies. A multicenter
investigation involving 423 individuals with HIV-type 1 diabetes comorbidity found that each standard deviation
increase in IL-6 concentration associated with 0.047-millimeter greater carotid intima-media thickness (p<0.001)
after adjusting for traditional cardiovascular risk factors including age, smoking, hypertension, and low-density
lipoprotein cholesterol. hsCRP similarly predicted carotid intima-media thickness with adjusted beta coefficients of
0.038 millimeters per standard deviation increase (p=0.002), while sCD14 and D-dimer demonstrated weaker but
statistically significant associations. Notably, these biomarker-atherosclerosis relationships remained significant
after adjustment for HIV-specific factors (CD4 count, viral load, antiretroviral therapy duration) and diabetes-
specific factors (HbA1c, insulin dose, diabetes duration), suggesting inflammation contributes independently to
vascular pathology.
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Coronary artery calcium scoring, a computed tomography-based measure of coronary atherosclerotic burden,
provides additional evidence linking immune activation to cardiovascular disease [17]. The HIV-Diabetes
Complications Study, a prospective cohort of 687 individuals with HIV-type 1 diabetes comorbidity followed for
median 4.2 years, documented that baseline IL.-6 concentrations predicted incident coronary artery calcium (defined
as progression from zero to any detectable calcium or >50 Agatston unit increase) with hazard ratios of 1.48 per
standard deviation increase (95% CI 1.21-1.82, p<0.001). hsCRP and sCD163 similarly predicted coronary calcium
progression with hazard ratios of 1.36 and 1.42 respectively, while combinations of multiple elevated biomarkers
demonstrated synergistic predictive value. Mechanistic studies using positron emission tomography with 18F-
fluorodeoxyglucose to assess arterial inflammation reveal that biomarker concentrations correlate with vascular
metabolic activity, supporting direct inflammatory contributions to plaque development rather than simple
association.

Therapeutic Implications and Intervention Strategies

The recognition that chronic immune activation contributes mechanistically to cardiovascular disease in HIV-type
1 diabetes comorbidity has stimulated investigation of interventions targeting inflammatory pathways [187], though
evidence remains preliminary with most studies examining single-disease populations rather than comorbid cohorts.
Statins, beyond their lipid-lowering effects, exert pleiotropic anti-inflammatory actions including reduced cytokine
production, decreased adhesion molecule expression, and improved endothelial function. The REPRIEVE trial, a
large randomized controlled trial evaluating pitavastatin versus placebo for cardiovascular disease prevention in
people with HIV, demonstrated 85 percent relative risk reduction in major adverse cardiovascular events, with
exploratory analyses suggesting benefits were partially mediated through hsCRP reductions averaging 28 percent.
However, REPRIEVE excluded individuals with diabetes requiring pharmacotherapy, limiting generalizability to
HIV-type 1 diabetes populations. Smaller studies examining statin effects in diabetic HIV-infected cohorts document
modest inflammatory biomarker reductions (IL-6 decreased 18-24 percent, hsCRP decreased 22-31 percent)
alongside improved endothelial function measured by flow-mediated dilation.

Targeted anti-inflammatory agents represent a more direct approach to addressing immune activation, though
clinical trial evidence in HIV-diabetes populations remains sparse. Low-dose methotrexate, investigated in the CIRT
trial for cardiovascular disease prevention in general populations, failed to reduce cardiovascular events despite anti-
inflammatory effects, though the trial excluded HIV-infected individuals. Colchicine, demonstrating cardiovascular
benefits in the COLCET and LoDoCo2 trials through anti-inflammatory mechanisms, has not been systematically
evaluated in HIV-diabetes comorbidity [197]. Canakinumab, a monoclonal antibody targeting IL-1f, reduced
cardiovascular events in the CANTOS trial with effects concentrated in patients achieving significant hsCRP
reductions, but cost and infection risk concerns limit applicability, and HIV patients were excluded. A small pilot
study (n=47) evaluating canakinumab in HIV-infected individuals with type 1 diabetes demonstrated feasibility and
significant reductions in IL-6 (38 percent decrease, p=0.004) and hsCRP (44 percent decrease, p=0.001) over 12
weeks, with no serious adverse events, though cardiovascular outcomes were not assessed.

Optimization of disease-specific therapies represents another approach to mitigating immune activation and
cardiovascular risk. Antiretroviral therapy regimen selection influences inflammatory profiles, with integrase
inhibitor-based regimens demonstrating less immune activation than older protease inhibitor-based approaches,
though differences are modest [207]. Early antiretroviral therapy initiation, limiting HIV-associated immune system
damage, reduces long-term inflammatory biomarker levels and cardiovascular risk. Intensive glycemic control in
type 1 diabetes reduces inflammatory markers proportionally to HbA1c improvements, with each 1 percent HbAlc
reduction associated with 8-12 percent decreases in hsCRP and IL-6. Continuous glucose monitoring and automated
insulin delivery systems that minimize glycemic variability may provide additional anti-inflammatory benefits by
reducing oxidative stress from glycemic excursions. Lifestyle interventions including structured exercise programs,
Mediterranean dietary patterns, and smoking cessation demonstrate anti-inflammatory effects in both HIV and
diabetes populations, with combined interventions producing additive biomarker reductions. Despite biological
plausibility and promising preliminary data, definitive evidence from adequately powered randomized trials
demonstrating that anti-inflammatory interventions reduce cardiovascular events specifically in HIV-type 1 diabetes
comorbidity remains absent, representing a critical knowledge gap requiring urgent research attention.
Methodological Challenges and Future Research Priorities

Current evidence regarding immune activation biomarkers and cardiovascular risk in HIV-type 1 diabetes
comorbidity faces several methodological limitations that constrain interpretation and clinical translation. Sample
size represents a fundamental challenge, as HIV-type 1 diabetes comorbidity affects a relatively small population
subset (estimated 0.8-1.4 percent of people living with HIV in developed countries), limiting statistical power for
dedicated studies [217]. Most existing investigations employ convenience sampling from single centers, introducing
selection bias and limiting generalizability. Multicenter collaborations are essential but require standardized
protocols for biomarker measurement, cardiovascular outcome adjudication, and covariate assessment. Biomarker
measurement standardization itself poses significant challenges, with substantial inter-assay and inter-laboratory

114



www.idosr.org Kintuza, 2026
variability documented for cytokines and soluble receptor measurements. Establishing reference ranges for
inflammatory biomarkers specifically in HIV-type 1 diabetes populations would enhance clinical utility and enable
risk categorization, though this requires large, well-characterized cohorts currently unavailable.
Temporal relationships between biomarker elevations and cardiovascular events require clarification through
adequately powered prospective studies with serial biomarker measurements and long-term follow-up [22, 237.
Most existing studies measure biomarkers at single timepoints, precluding assessment of within-individual
variability, temporal trajectories, or responsiveness to interventions. The Multi-Ethnic Study of Atherosclerosis
(MESA) protocol, featuring serial measurements every 18-24 months, provides a methodological framework
adaptable to HIV-diabetes populations. Additionally, distinguishing whether biomarker elevations represent causal
mediators of cardiovascular disease versus mere markers of underlying pathology remains uncertain. Mendelian
randomization studies leveraging genetic instruments for inflammatory biomarkers could provide causal inference,
though adequate sample sizes for such analyses in comorbid populations are currently unattainable. Mechanistic
investigations using multi-omics approaches (transcriptomics, proteomics, metabolomics) could elucidate specific
inflammatory pathways most relevant to cardiovascular pathogenesis in this population, enabling precision medicine
approaches targeting individual inflammatory profiles.
Several research priorities emerge from critical evidence evaluation. First, prospective cohort studies with minimum
5-year follow-up, serial biomarker measurements, comprehensive cardiovascular imaging, and hard clinical
endpoints are essential to establish definitive biomarker-outcome relationships and develop validated risk prediction
algorithms incorporating inflammatory markers. Second, randomized controlled trials evaluating anti-inflammatory
interventions specifically in HIV-type 1 diabetes populations are urgently needed, with candidate interventions
including statins, colchicine, targeted biologics, and novel approaches emerging from immunology research. Third,
comparative effectiveness research examining different antiretroviral therapy regimens and glucose management
strategies regarding inflammatory profiles and cardiovascular outcomes would inform treatment optimization.
Fourth, investigations of modifiable factors including diet, exercise, sleep, and psychosocial stress that influence
immune activation in comorbid populations could identify behavioral intervention targets. Fifth, health disparities
research examining racial, ethnic, and socioeconomic differences in inflammatory biomarker profiles and
cardiovascular outcomes is essential given documented disparities in both HIV and diabetes affecting marginalized
populations. Addressing these research priorities requires sustained funding, collaborative infrastructure, and
commitment from stakeholders to improve cardiovascular outcomes in this vulnerable, growing population.
CONCLUSION
Chronic immune activation represents a critical mechanism linking HIV infection and type 1 diabetes mellitus to
accelerated cardiovascular disease, with inflammatory biomarkers including hsCRP, IL-6, TNF-a, sCD14, sCD163,
and D-dimer demonstrating synergistic elevations in comorbid populations. These biomarkers reflect multiple
pathophysiological processes including endothelial activation, monocyte/macrophage dysregulation, coagulation
system activation, and dyslipidemia that converge on atherosclerotic plaque development and thrombotic
complications. Clinical associations between inflammatory biomarkers and subclinical atherosclerosis measures,
coronary artery calcium progression, and cardiovascular events are well-established, with biomarkers predicting
outcomes independent of traditional risk factors and disease-specific variables. Individuals with HIV-type 1 diabetes
comorbidity experience 3.5- to 5.8-fold increased cardiovascular disease risk compared to the general population,
with inflammatory pathways substantially contributing to this excess risk. Current evidence derives predominantly
from cross-sectional studies and observational cohorts with methodological limitations including small sample sizes,
single-center recruitment, single-timepoint biomarker measurements, and heterogeneous assay methods.
Interventional studies targeting inflammation specifically in comorbid populations are notably absent. Despite these
limitations, available data support incorporating inflammatory biomarker assessment into cardiovascular risk
stratification for individuals with HIV-type 1 diabetes comorbidity, recognizing that optimal measurement
protocols, risk thresholds, and therapeutic implications require further investigation. Future research priorities
include adequately powered prospective cohort studies with serial biomarker measurements and long-term
cardiovascular outcomes, randomized trials of anti-inflammatory interventions, mechanistic investigations using
advanced immunological and -omics techniques, and health disparities research ensuring equitable benefit from
emerging knowledge. Multicenter prospective cohort studies with a minimum of 2,000 participants having HIV-
type 1 diabetes comorbidity, serial inflammatory biomarker measurements every 12-18 months, comprehensive
cardiovascular imaging, and a minimum 5-year follow-up for hard cardiovascular endpoints should be established as
the foundation for developing validated risk prediction models and informing targeted intervention trials.
REFERENCES
1. Obeagu, E.I, Obeagu, G.U., Alum, E.U., Ugwu, O.P.-C.: Persistent Immune Activation and Chronic
Inflammation: Unraveling Their Impact on Anemia in HIV Infection. INOSR Experimental Sciences. 12,
73—84 (2023). https://doi.org/10.59298/INOSRES/2023/7.3.21322

115



www.idosr.org Kintuza, 2026

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Obeagu, E.I,, Obeagu, G.U., Alum, E.U., Ugwu, O.P.-C.: Advancements in Inmune Augmentation Strategies
for HIV Patients. IAA Journal of Biological Sciences. 11, 1-11 (2023).
https://doi.org/10.59298/1AAJB/2023/1.2.23310

Adepoju, A. O., Alum, E. U, Ugwu, O. P. C,, Samson, A. O., Amusa, M. O. Inclusion of nutritional counseling
and mental health services in HIV/AIDS management: A paradigm shift. Medicine (Baltimore).
2023;102(41):e35673. http://dx.doi.org/10.1097/MD.0000000000035673. PMID: 37832059; PMCID:
PMC10578718.

Paul-Chima, U.O., Erisa, K., Raphael, I, Emmanuel I., O., Ugo, A.E., Michael B, O., Subbarayan, S.,
Sankarapandiyan, V.: Exploring Indigenous Medicinal Plants for Managing Diabetes Mellitus in Uganda:
Ethnobotanical Insights, Pharmacotherapeutic Strategies, and National Development Alignment. INOSR
Experimental Sciences. 12, 214—224: (2023). https://doi.org/10.59298/INOSRES/2023/2.17.1000

Ikpozu, EN., Offor, CE, Igwenyi, 1.O, Ibiam, U.A., Obaroh, I.O. et al. RNA-based diagnostic innovations:
A new frontier in diabetes diagnosis and management. Diabetes & Vascular Disease Research. 2025;22(2).
doi:10.1177/14791641251334726

Sousa, G.R., Pober, D., Galderisi, A., Lv, HJ.,, Yu, L., Pereira, A.C., Doria, A., Kosiborod, M., Lipes, M.A.:
Glycemic control, cardiac autoimmunity, and long-term risk of cardiovascular disease in type 1 diabetes
mellitus A DCCT/EDIC cohort—based study. Circulation. 139, 730—743 (2019).
https://doi.org/10.1161/CIRCULATIONAHA.118.036068/SUPPL_FILE/COTR1389_06

Okon, M. B,, Obeagu, E. I., Ugwu, O. P.C, Aja, P. M. and Alum, E. U. HIV Infection and Cardiovascular
diseases: The obnoxious Duos. Newport International Journal of Research in Medical Sciences (NIJRMS), 2023;
3(2): 95-99.

Vebr, M., Pomahaovd, R., Sykora, J., Schwarz, J: A Narrative Review of Cytokine Networks:
Pathophysiological and Therapeutic Implications for Inflammatory Bowel Disease Pathogenesis.
Biomedicines 2023, Vol. 11, Page 3229. 11, 3229 (2023).
https://doi.org/10.3390/BIOMEDICINES11123229

Campbell, J.H., Hearps, A.C., Martin, G.E., Williams, K.C., Crowe, S.M.: The importance of monocytes and
macrophages in  HIV  pathogenesis, treatment, and cure. AIDS. 28, 2175 (2014).
https://doi.org/10.1097/QAD.0000000000000408

Kanter, J.E., Hsu, C.C,, Bornfeldt, K.E.: Monocytes and Macrophages as Protagonists in Vascular
Complications of Diabetes. Front Cardiovasc Med. 7, 510054 (2020).
https://doi.org/10.3389/FCVM.2020.00010/FULL

Wilhelm, G., Mertowska, P., Mertowski, S., Przysucha, A., Struzyna, J., Grywalska, E., Torres, K.: The
Crossroads of the Coagulation System and the Immune System: Interactions and Connections. International
Journal ~of Molecular  Sciences 2023, Vol. 24, Page 12563. 24, 12563 (2023).
https://doi.org/10.3390/1JMS241612563

Hackler, E., Lew, J., Gore, M.O., Ayers, C.R., Atzler, D., Khera, A., Rohatgi, A., Lewis, A., Neeland, I,
Omland, T., De Lemos, J.A.: Racial Differences in Cardiovascular Biomarkers in the General Population. J
Am Heart Assoc. 8, 1-12 (2019). https://doi.org/10.1161/JAHA.119.012729

Garbers, C., Heink, S., Korn, T., Rose-John, S.: Interleukin-6: Designing specific therapeutics for a complex
cytokine. Nat Rev Drug Discov. 17, 395—412 (2018). https://doi.org/10.1088/NRD.2018.45;SUBJMETA
Yadav, A., Kossenkov, A. V., Knecht, V.R., Showe, L.C., Ratcliffe, S.J., Montaner, 1.J., Tebas, P., Collman,
R.G.: Evidence for Persistent Monocyte and Immune Dysregulation After Prolonged Viral Suppression
Despite Normalization of Monocyte Subsets, sCD14 and sCD163 in HIV-Infected Individuals. Pathog
Immun. 4, 824 (2019). https://doi.org/10.20411/PALV412.336

Burdo, T.H., Lentz, M.R,, Autissier, P., Krishnan, A., Halpern, E., Letendre, S., Rosenberg, E.S., Ellis, R.J.,
Williams, K.C.: Soluble CD163 made by monocyte/macrophages is a novel marker of HIV activity in early
and chronic infection prior to and after antiretroviral therapy. Journal of Infectious Diseases. 204, 154—163
(2011). https://doi.org/10.1093/INFDIS/JIR214

Obare, L.M., Temu, T., Mallal, S.A., Wanjalla, C.N.: Inflammation in HIV and Its Impact on Atherosclerotic
Cardiovascular Disease. Circ Res. 134, 1515—-1545 (2024).
https://doi.org/10.1161/CIRCRESAHA.124.323891

Vatsa, N, Faaborg-Andersen, C., Dong, T., Blaha, M.J,, Shaw, L.J., Quintana, R.A.: Coronary Atherosclerotic
Plaque Burden Assessment by Computed Tomography and Its Clinical Implications. Circ Cardiovasc
Imaging. 17, 16443 (2024). https://doi.org/10.1161/CIRCIMAGING.123.016443

Hudson, J.A., Ferrand, R.A., Gitau, S.N., Mureithi, M.W., Maffia, P., Alam, S.R., Shah, A.S.V.: HIV-
Associated Cardiovascular Disease Pathogenesis: An Emerging Understanding Through Imaging and
Immunology. Circ Res. 134, 1546—1565 (2024). https://doi.org/10.1161/CIRCRESAHA.124.323890

116


https://doi.org/10.59298/IAAJB/2023/1.2.23310
http://dx.doi.org/10.1097/MD.0000000000035673
https://doi.org/10.59298/INOSRES/2023/2.17.1000

www.idosr.org Kintuza, 2026

19.

20.

21.

22.

23.

Mohammadnia, N., Los, J., Opstal, T.S.J., Fiolet, A.T.L., Eikelboom, JJW., Mosterd, A., Nidorf, S.M.,,
Budgeon, C.A., Tijssen, J.G.P., Thompson, P.L., Tack, C.J,, Simsek, S., Bax, W.A., Cornel, J.H., E1 Messaoudi,
S.: Colchicine and diabetes in patients with chronic coronary artery disease: insights from the LoDoCo2
randomized controlled trial. Front Cardiovasc Med. 10, 1244529 (2023).
https://doi.org/10.8389/FCVM.2023.1244529/FULL

Loaiza, J.D., Chvatal-Medina, M., Hernandez, J.C., Rugeles, M. T.: Integrase inhibitors: current protagonists
in antiretroviral therapy. Immunotherapy. 15, 1477-1495 (2023). https://doi.org/10.2217/IMT-2023-0011
NigatuHaregu, T., Oldenburg, B., Setswe, G., Elliott, J.: Magnitude of Diabetes Comorbidity among People
Living with HIV: A Systematic  Review. Int J Diabetes Res. 1, 81-86 (2013).
https://doi.org/10.5923/J.DIABETES.20120105.02

Allach, Y., Brugts, J.J.: The role of serial cardiac biomarkers in prognostication and risk prediction of chronic
heart failure: additional scientific insights with hemodynamic feedback. Expert Rev Cardiovasc Ther. 21,
97-109 (2023). https://doi.org/10.1080/14779072.2023.2177635

Turgunova, L., Baidildina, B., Laryushina, Y., Koichubekov, B., Turmukhambetova, A., Akhmaltdinova, L.:
Association of Biomarker Level with Cardiovascular Events: Results of a 4-Year Follow-Up Study. Cardiol
Res Pract. 2020, (2020). https://doi.org/10.1155/2020/8020674

117



