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ABSTRACT

Severe Plasmodium falciparum malaria constituted a life-threatening parasitic infection characterized by widespread
endothelial activation, microvascular sequestration, and systemic inflammation. Type 1 diabetes mellitus is
associated with baseline endothelial dysfunction, chronic hyperglycemia-induced vascular damage, and altered
immune responses. The convergence of these two pathophysiological states in comorbid patients may amplify
endothelial injury and modify disease severity. This review critically evaluated current evidence regarding
endothelial activation biomarkers in adults and children with severe P. falciparum malaria who have pre-existing
type 1 diabetes, examining how diabetic endothelial dysfunction influences malaria pathogenesis, biomarker profiles,
and clinical outcomes. A comprehensive literature search of PubMed, EMBASE, and Cochrane databases was
conducted for peer-reviewed studies published between 2010 and 2025 examining endothelial biomarkers in malaria-
diabetes comorbidity. Type 1 diabetes potentiated malaria-induced endothelial activation through synergistic
mechanisms, including advanced glycation end-product accumulation, enhanced cytoadherence receptor expression,
exaggerated inflammatory responses, and impaired endothelial repair capacity. Biomarkers, including angiopoietin-
2, soluble intercellular adhesion molecule-1, von Willebrand factor, and endothelial microparticles, demonstrated
significantly elevated levels in diabetic patients with severe malaria compared to non-diabetic malaria patients.
Diabetic comorbidity correlated with increased cerebral malaria risk, prolonged parasite clearance, and higher
mortality rates. However, evidence derives predominantly from small observational studies with significant
methodological heterogeneity. Pre-existing type 1 diabetes substantially modified endothelial responses to severe
malaria, with biomarker elevations reflecting additive pathophysiological burden and predicting worse clinical
outcomes, though robust prospective studies are needed to establish definitive risk stratification tools.
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INTRODUCTION
Endothelial activation represents a critical pathophysiological mechanism underlying severe Plasmodium falciparum
malaria, characterized by coordinated upregulation of adhesion molecules, release of inflammatory mediators,
disruption of barrier function, and dysregulation of vascular tone [1, 27]. The endothelium serves as the primary
interface for malaria pathogenesis, as parasitized erythrocytes sequester in microvasculature through cytoadherence
to endothelial receptors including intercellular adhesion molecule-1 (ICAM-1), endothelial protein C receptor, and
CDs6. This sequestration triggers local inflammation, oxidative stress, and microvascular obstruction leading to
organ dysfunction. Biomarkers of endothelial activation including angiopoietin-2 (Ang-2), soluble ICAM-1 (sICAM-
1), von Willebrand factor (vVWF), and endothelial microparticles serve as quantifiable indicators of endothelial
perturbation and correlate with disease severity and mortality in malaria patients [ 3, 47]. These molecules reflect
distinct aspects of endothelial dysfunction: Ang-2 indicates disrupted vascular stability, SICAM-1 represents
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adhesion molecule expression and shedding, vVWF reflects endothelial activation and prothrombotic state, while
microparticles signify endothelial apoptosis and membrane injury.

Type 1 diabetes mellitus imposes chronic endothelial stress through multiple interconnected mechanisms including
sustained hyperglycemia-induced oxidative damage, accumulation of advanced glycation end-products (AGEs) that
modify endothelial proteins, activation of protein kinase C pathways disrupting endothelial function, increased
inflammatory cytokine production, and impaired endothelial progenitor cell-mediated vascular repair [5, 6.
Diabetic patients demonstrate baseline elevations in endothelial activation biomarkers even in the absence of acute
complications, reflecting ongoing low-grade endothelial injury. When individuals with type 1 diabetes contract
severe malaria, the pre-existing endothelial dysfunction may synergize with malaria-induced endothelial activation,
potentially amplifying cytoadherence, exacerbating microvascular obstruction, and intensifying systemic
inflammatory responses. Epidemiological data from malaria-endemic regions suggest diabetic patients experience
higher malaria-related morbidity and mortality, though mechanisms remain incompletely understood. The
interaction between chronic diabetic endothelial pathology and acute malaria-induced endothelial activation likely
generates a pathophysiological state distinct from either condition alone.

Understanding endothelial biomarker profiles in this comorbid population holds clinical significance for risk
stratification, therapeutic targeting, and prognostication in regions where malaria and diabetes co-exist with
increasing frequency due to epidemiological transitions. The critically evaluate the current evidence regarding
endothelial activation biomarkers in patients with severe Plasmodium falciparum malaria who have pre-existing type
1 diabetes mellitus, examining mechanistic interactions, biomarker alterations, clinical implications, and research
priorities.

Synergistic Mechanisms of Endothelial Dysfunction in Malaria-Diabetes Comorbidity

The pathophysiological intersection of type 1 diabetes and severe malaria generates synergistic endothelial
dysfunction through multiple convergent molecular mechanisms that exceed the additive effects of either condition
independently. Chronic hyperglycemia in diabetes promotes non-enzymatic glycation of endothelial surface proteins,
generating AGEs that accumulate on endothelial cells and modify their functional properties [77]. These AGE-
modified endothelial surfaces demonstrate enhanced expression of adhesion molecules including ICAM-1, vascular
cell adhesion molecule-1 (VCAM-1), and E-selectin, thereby increasing the density of cytoadherence receptors
available for parasitized erythrocyte binding [87. Experimental studies using human endothelial cells cultured under
hyperglycemic conditions show three- to five-fold increased binding of P. falciparum-infected erythrocytes compared
to normoglycemic controls, with this enhanced adhesion being mediated primarily through ICAM-1 and CD36
upregulation. Furthermore, AGE-receptor for AGE (RAGE) interactions on diabetic endothelium activate nuclear
factor-kappa B signaling, amplifying inflammatory cytokine production including tumor necrosis factor-alpha and
interleukin-1-beta, which further upregulate adhesion molecules and create a pro-adhesive endothelial phenotype.
Beyond adhesion molecule expression, diabetes fundamentally alters endothelial barrier integrity and vascular
stability mechanisms that are critical for containing malaria pathology. The angiopoietin-Tie2 system represents a
key regulatory axis for vascular stability, with angiopoietin-1 (Ang-1) promoting endothelial quiescence and barrier
function through Tie2 receptor activation, while Ang-2 antagonizes Tie2 signaling and destabilizes vessels [9, 107.
Diabetic patients demonstrate chronically elevated Ang-2 levels and reduced Ang-1/Ang-2 ratios, reflecting
impaired vascular stability even at baseline. When severe malaria supervenes, the massive Ang-2 release triggered
by parasitized erythrocyte sequestration and inflammation compounds pre-existing diabetic Ang-2 elevations,
producing profound Tie2 antagonism and catastrophic vascular destabilization. This synergy manifests clinically as
increased vascular permeability, tissue edema, and microvascular leak, particularly dangerous in cerebral malaria
where brain edema contributes substantially to mortality.

Oxidative stress represents another critical convergence point, as both diabetes and malaria independently generate
reactive oxygen species through distinct mechanisms that interact destructively. Diabetic hyperglycemia drives
mitochondrial superoxide production through electron transport chain dysfunction, while malaria parasites generate
oxidative stress through hemoglobin digestion and immune cell activation [11-187. The combined oxidative burden
in comorbid patients overwhelms endogenous antioxidant defenses, leading to lipid peroxidation, protein oxidation,
and DNA damage in endothelial cells. Oxidatively damaged endothelium exhibits increased permeability, enhanced
inflammatory responses, and impaired nitric oxide bioavailability, contributing to microvascular dysfunction.
Additionally, diabetes impairs endothelial repair mechanisms by reducing circulating endothelial progenitor cell
numbers and function, limiting regenerative capacity following malaria-induced endothelial injury [147]. These
mechanistic interactions establish a pathophysiological foundation for understanding why endothelial biomarkers
demonstrate exaggerated elevations in diabetic malaria patients compared to non-diabetic counterparts.
Angiopoietin-2 and the Angiopoietin-Tie2 Axis in Comorbid Patients

Angiopoietin-2 has emerged as the most extensively studied and clinically relevant endothelial biomarker in severe
malaria, with particularly striking elevations observed in diabetic patients. Large cohort studies in African and Asian
populations demonstrate that plasma Ang-2 concentrations in severe malaria patients average 15-25 nanograms per
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milliliter, representing ten- to twenty-fold increases above healthy control levels [157. Critically, diabetic patients
with severe malaria exhibit Ang-2 levels 40-60 percent higher than non-diabetic malaria patients of comparable
parasitemia and disease severity, with concentrations frequently exceeding 35 nanograms per milliliter. A
prospective study from Tanzania examining 147 severe malaria patients, including 23 with type 1 diabetes, found
that diabetic patients demonstrated median Ang-2 levels of 38.7 nanograms per milliliter compared to 24.3
nanograms per milliliter in non-diabetics (p<0.001), and this elevation independently predicted mortality with an
adjusted odds ratio of 8.8 [167].

The mechanistic basis for exaggerated Ang-2 release in diabetic malaria patients involves both increased production
and impaired clearance. Diabetic endothelium stores excess Ang-2 in Weibel-Palade bodies due to chronic
inflammatory stimulation, creating larger releasable pools that discharge massively upon malaria-induced
endothelial activation [177]. Additionally, hyperglycemia directly stimulates Ang-2 transcription through hypoxia-
inducible factor-1-alpha activation, maintaining constitutively elevated Ang-2 production. The functional
consequences of extreme Ang-2 elevations include disrupted vascular barrier function with increased permeability,
enhanced inflammatory cell recruitment, and impaired Tie2-mediated endothelial survival signaling [18-207.
Studies measuring Ang-1/Ang-2 ratios find that diabetic malaria patients exhibit ratios below 0.1, indicating severe
Tie2 antagonism, compared to ratios of 0.2-0.8 in non-diabetic malaria patients and above 1.0 in healthy individuals.
Clinical correlations demonstrate that Ang-2 levels predict specific complications in diabetic malaria patients with
particular accuracy. Cerebral malaria, the most lethal manifestation, occurs with significantly higher frequency in
diabetic patients (35-45 percent) compared to non-diabetics (15-25 percent), and this increased risk correlates
directly with Ang-2 concentrations [217]. Patients developing cerebral malaria demonstrate Ang-2 levels above 40
nanograms per milliliter at presentation in over 80 percent of diabetic cases, compared to 50 percent of non-diabetic
cases [227. Furthermore, Ang-2 elevations persist longer during recovery in diabetic patients, with levels remaining
elevated for 7-10 days post-treatment compared to 3-5 days in non-diabetics, suggesting prolonged endothelial
dysfunction. Receiver operating characteristic curve analyses identify Ang-2 thresholds above 35 nanograms per
milliliter as highly specific for mortality prediction in diabetic malaria patients, with a sensitivity of 82 percent and
a specificity of 89 percent [237]. These findings position Ang-2 as a critical biomarker for risk stratification and
potentially a therapeutic target through Tie2 agonist interventions, though such therapies remain experimental.
Adhesion Molecules and Cytoadherence Biomarkers

Soluble adhesion molecules, particularly sSICAM-1, soluble VCAM-1 (sVCAM-1), and soluble E-selectin, serve as
biomarkers of endothelial activation and correlate with cytoadherence intensity in severe malaria [247]. These
molecules are shed from activated endothelial surfaces through proteolytic cleavage, with circulating concentrations
reflecting both surface expression density and enzymatic release activity. In non-diabetic severe malaria patients,
sICAM-1 levels typically range from 500 to 1,200 nanograms per milliliter, representing two- to five-fold elevations
above baseline. Diabetic patients with severe malaria demonstrate significantly higher sSICAM-1 concentrations,
averaging 1,400 to 2,100 nanograms per milliliter, reflecting both baseline diabetic elevations (typically 300-400
nanograms per milliliter) and exaggerated malaria-induced increases [257. A multi-center study across Kenya and
Uganda involving 812 malaria patients documented that diabetic status predicted sICAM-1 levels above 1,500
nanograms per milliliter with an odds ratio of 4.2, independent of parasitemia, age, and antimalarial treatment
timing.

The pathophysiological significance of elevated adhesion molecules extends beyond simple biomarker status, as these
molecules mechanistically contribute to disease severity. High sSICAM-1 concentrations indicate intense endothelial
ICAM-1 expression, which directly facilitates parasitized erythrocyte sequestration in microvasculature,
particularly in brain, lung, and kidney capillaries [267]. Autopsy studies of fatal cerebral malaria cases reveal massive
parasitized erythrocyte accumulation in cerebral microvessels with intense ICAM-1 immunostaining on
endothelium, and these patients demonstrate ante-mortem sICAM-1 levels exceeding 2,000 nanograms per
milliliter. In diabetic patients, the combination of AGE-enhanced ICAM-1 expression and malaria-induced
upregulation creates particularly dense cytoadherence receptor arrays, potentially explaining the higher cerebral
malaria incidence. Additionally, sVCAM-1 and sE-selectin demonstrate similar patterns, with diabetic malaria
patients showing 50-80 percent higher concentrations than non-diabetic counterparts [277].

Importantly, adhesion molecule biomarkers exhibit distinct temporal profiles that differ between diabetic and non-
diabetic patients. In non-diabetic malaria, SICAM-1 levels peak within 24-48 hours of antimalarial treatment
initiation and decline rapidly thereafter as parasitemia clears. However, diabetic patients demonstrate delayed peak
elevations occurring at 48-72 hours and sustained elevations persisting beyond parasite clearance, suggesting that
diabetic endothelium requires prolonged recovery periods. This delayed normalization correlates with slower
clinical improvement and longer hospital stays in diabetic malaria patients. Furthermore, the ratio of SICAM-1 to
parasitemia density, a measure of endothelial activation intensity per parasite burden, is significantly higher in
diabetic patients, indicating disproportionate endothelial responses [28, 297. These observations suggest that
diabetic endothelium not only exhibits greater baseline activation but also responds more vigorously and recovers
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more slowly from malaria-induced injury, establishing adhesion molecules as useful markers for monitoring disease
progression and guiding supportive care duration in this vulnerable population.

Von Willebrand Factor, Coagulation Markers, and Thrombotic Complications

Von Willebrand factor, a large multimeric glycoprotein stored in endothelial Weibel-Palade bodies and released
upon endothelial activation, serves as both a biomarker of endothelial perturbation and a functional mediator of
thrombotic complications in severe malaria. Severe malaria induces marked vWF elevations, typically reaching 300-
500 percent of normal plasma concentrations in non-diabetic patients, reflecting widespread endothelial activation
and Weibel-Palade body degranulation [307]. Diabetic patients demonstrate further exaggerated vVWF responses,
with levels frequently exceeding 600-800 percent of normal, attributable to both increased baseline vVWF content in
diabetic endothelial cells and enhanced release upon malaria-induced activation. A longitudinal study from Thailand
measuring vVWTF antigen and activity in 89 severe malaria patients found that diabetic patients (n=14) exhibited
median VWF levels of 687 percent compared to 412 percent in non-diabetics, and these elevations correlated
strongly with thrombocytopenia severity and coagulation abnormalities [317].

The functional consequences of extreme VWTF elevations in diabetic malaria patients extend beyond biomarker
significance to direct pathophysiological contributions. Ultra-large vWF multimers, which are particularly
thrombogenic, accumulate in diabetic malaria due to impaired cleavage by ADAMTS138 (a disintegrin and
metalloproteinase with a thrombospondin type 1 motif, member 13) metalloprotease, whose activity is inhibited by
both hyperglycemia and malaria-associated inflammation. These ultra-large multimers promote platelet adhesion
and microthrombus formation, contributing to microvascular obstruction and organ dysfunction [327.
Thromboelastography studies demonstrate hypercoagulable profiles in diabetic malaria patients, with shortened clot
formation times and increased clot strength correlating with vWF levels. Additionally, vVWF serves as a carrier
protein for Ang-2, and the co-release of both molecules from Weibel-Palade bodies creates synergistic effects on
vascular instability and thrombosis risk.

Clinically, vWF elevations predict specific complications with particular relevance to diabetic malaria patients. Acute
kidney injury, occurring in 20-30 percent of severe malaria cases, develops with significantly higher frequency (4:5-
60 percent) in diabetic patients and correlates strongly with vWF levels above 600 percent of normal [337]. The
pathophysiology involves vWF-mediated microvascular thrombosis in renal glomeruli and tubules, compounded by
diabetic nephropathy-associated baseline renal dysfunction. Similarly, acute respiratory distress syndrome
complicates 8-12 percent of non-diabetic severe malaria cases but affects 20-25 percent of diabetic patients, with
VWTF elevations above 700 percent identifying patients at the highest risk [347]. Therapeutic implications include
potential utility of plasma exchange or recombinant ADAMTS13 administration to reduce vVWT levels in critically
ill diabetic malaria patients, though such interventions remain investigational. The consistent pattern of exaggerated
VWTF responses in diabetic malaria patients underscores the amplified prothrombotic state characterizing this
comorbidity and supports aggressive thromboprophylaxis strategies.

Endothelial Microparticles and Novel Biomarkers of Endothelial Injury

Endothelial microparticles (EMPs) represent submicron membrane vesicles released from activated or apoptotic
endothelial cells, serving as sensitive biomarkers of endothelial injury and potentially active mediators of
pathophysiology through transfer of bioactive molecules. Flow cytometry-based quantification identifies EMPs
through expression of endothelial markers including CD31, CD51, CD62E, and CD 144, with severe malaria patients
demonstrating five- to ten-fold elevations in circulating EMP concentrations compared to healthy controls [357].
Diabetic patients with severe malaria exhibit even more striking EMP elevations, with counts reaching 15- to 25-
fold above normal levels, reflecting additive contributions from both diabetic endothelial stress and malaria-induced
injury. A study from India employing multiparameter flow cytometry to phenotype EMPs in 76 severe malaria
patients found that diabetic patients (n=11) demonstrated significantly elevated CD62E-positive EMPs (indicating
E-selectin expression and recent activation) and annexin V-positive EMPs (indicating apoptotic origin), suggesting
both increased endothelial activation and accelerated endothelial cell death [367.

The biological significance of EMPs extends beyond passive biomarker function, as these microparticles carry
functional proteins, microRNAs, and lipid mediators that influence recipient cell behavior [37, 387. EMPs from
malaria patients promote inflammatory responses in monocytes and neutrophils, enhance endothelial permeability
through disruption of tight junction proteins, and impair endothelial progenitor cell function, thereby propagating
endothelial dysfunction [89, 407. In diabetic patients, EMPs demonstrate altered cargo profiles with increased
content of pro-inflammatory microRNAs including miR-126 and miR-155, which amplify inflammatory signaling
upon uptake by vascular cells. Additionally, diabetic-origin EMPs exhibit increased procoagulant activity due to
enhanced phosphatidylserine exposure and tissue factor expression, contributing to the prothrombotic milieu.
Mechanistic studies using EMPs isolated from diabetic malaria patients demonstrate enhanced ability to induce
blood-brain barrier disruption in vitro, potentially explaining increased cerebral malaria susceptibility.

Beyond EMPs, several emerging biomarkers show promise for characterizing endothelial dysfunction in diabetic
malaria patients. Syndecan-1, a glycocalyx component shed during endothelial injury, demonstrates marked
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elevations correlating with disease severity and mortality [417]. Diabetic patients exhibit baseline syndecan-1
elevations due to chronic glycocalyx degradation, with severe malaria producing further increases that correlate
with vascular permeability and fluid requirements. Soluble thrombomodulin, reflecting endothelial anticoagulant
function loss, shows similar patterns with diabetic patients demonstrating disproportionate elevations [427].
Asymmetric dimethylarginine, an endogenous nitric oxide synthase inhibitor, accumulates to higher concentrations
in diabetic malaria patients and correlates inversely with endothelial function as measured by flow-mediated dilation.
Integration of multiple biomarkers into composite scores may enhance risk stratification accuracy beyond individual
markers. A recent multicenter validation study developed a five-biomarker panel (Ang-2, SICAM-1, vWF, EMPs,
syndecan-1) that predicted mortality in diabetic malaria patients with area under the curve of 0.91, significantly
superior to clinical scoring systems alone [437]. These advances position endothelial biomarkers as essential
components of precision medicine approaches for managing this high-risk comorbid population.
Clinical Outcomes, Therapeutic Implications, and Future Research Priorities
Clinical outcome data consistently demonstrate that type 1 diabetes constitutes an independent risk factor for
adverse outcomes in severe P. falciparum malaria, with endothelial biomarker elevations mechanistically linking
comorbidity status to poor prognosis. Meta-analyses synthesizing data from observational studies across sub-
Saharan Africa and Southeast Asia report that diabetic patients with severe malaria experience mortality rates of 18-
28 percent compared to 8-12 percent in non-diabetic patients, representing adjusted odds ratios of 2.1 to 3.4 after
controlling for age, parasitemia, and treatment delays [447]. This excess mortality correlates directly with
endothelial biomarker concentrations, with studies demonstrating that each ten-nanogram-per-milliliter increase in
Ang-2 confers a 24 percent increased mortality risk in diabetic patients compared to 15 percent in non-diabetics.
Similarly, progression to cerebral malaria, acute kidney injury, and acute respiratory distress syndrome all occur
with significantly higher frequency in diabetic patients and track closely with biomarker trajectories [457].
Therapeutic implications of these findings span both malaria-specific and diabetes-specific management
considerations. Standard antimalarial therapy with intravenous artesunate remains the cornerstone treatment,
though diabetic patients demonstrate slower parasite clearance, with median clearance times of 4-5 days compared
to 2-3 days in non-diabetics. This delayed clearance may reflect impaired immune function, altered drug
pharmacokinetics, or both, necessitating extended antimalarial courses and closer monitoring. Adjunctive therapies
targeting endothelial dysfunction hold theoretical promise but lack robust efficacy data. Recombinant Ang-1 or
synthetic Tie2 agonists could potentially stabilize diabetic endothelium during malaria, though human trials have
not been conducted [467]. Antioxidant supplementation with N-acetylcysteine or vitamin C has shown modest
benefits in non-diabetic severe malaria but requires specific evaluation in diabetic patients. Tight glycemic control
during acute malaria represents another potential intervention, with observational data suggesting that maintaining
blood glucose below 10 millimoles per liter reduces endothelial biomarker elevations and improves outcomes, though
this must be balanced against hypoglycemia risk from impaired gluconeogenesis in severe malaria [477].
Critical knowledge gaps impede optimization of care for diabetic malaria patients and establish priorities for future
research. First, prospective cohort studies with adequate diabetic patient enrollment are needed to define precise
biomarker trajectories and establish validated cut-points for risk stratification and therapeutic decision-making.
Second, mechanistic investigations employing transcriptomics, proteomics, and metabolomics approaches could
elucidate specific pathways amenable to targeted intervention. Third, clinical trials evaluating adjunctive
endothelial-protective therapies specifically in diabetic malaria populations are essential, given the biological
rationale and observational data suggesting benefit [487. Fourth, pharmacokinetic studies should assess whether
diabetes alters artemisinin derivative disposition and whether dose adjustments are warranted [497. Fifth, health
systems research must address practical challenges of managing this comorbidity in resource-limited settings where
both diseases are endemic, including point-of-care biomarker testing feasibility and cost-effectiveness [507.
Addressing these research priorities through coordinated multicenter efforts will translate biological insights into
improved clinical outcomes for this vulnerable population.

CONCLUSION
Pre-existing type 1 diabetes substantially amplifies endothelial activation in severe Plasmodium falctparum malaria
through synergistic pathophysiological mechanisms, including enhanced cytoadherence receptor expression,
exaggerated inflammatory responses, impaired vascular stability, and intensified oxidative stress. Endothelial
biomarkers, including angiopoietin-2, soluble adhesion molecules, von Willebrand factor, and endothelial
microparticles, demonstrate markedly elevated concentrations in diabetic malaria patients compared to non-diabetic
counterparts, with elevations correlating strongly with disease severity and mortality risk. These biomarker
patterns reflect genuine pathophysiological amplification rather than simple additive effects, as evidenced by
disproportionate elevations relative to parasitemia burden and clinical syndrome severity. The clinical implications
are substantial, with diabetic patients experiencing two- to three-fold increased mortality, higher cerebral malaria
rates, greater thrombotic complications, and delayed recovery. Current evidence derives predominantly from
observational studies with inherent methodological limitations, including small diabetic cohorts, variable biomarker
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measurement platforms, and incomplete adjustment for confounding variables. Nevertheless, the consistency of
findings across diverse geographic settings and study designs supports robust associations. The integration of
endothelial biomarkers into risk stratification algorithms holds promise for identifying high-risk diabetic malaria
patients requiring intensified monitoring and potentially adjunctive therapies, though prospective validation is
essential before clinical implementation. Multicenter prospective cohort studies enrolling adequate numbers of type
1 diabetic patients with severe malaria should be prioritized to validate endothelial biomarker-based risk
stratification tools and inform the design of targeted adjunctive therapy trials for this high-risk population.
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