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Abstract
This systematic review evaluates the prognostic role of high-sensitivity CRP (hs-CRP) in predicting
cardiovascular outcomes among individuals with type 2 diabetes. Across prospective cohorts spanning
varied populations and risk strata, elevated hs-CRP levels consistently signaled heightened susceptibility to
major adverse cardiovascular events, vascular mortality, and, in some cases, microvascular complications.
Importantly, hs-CRP retained predictive relevance even after controlling for traditional risk indicators such
as glycemic status, lipid profiles, and blood pressure, underscoring inflammation as an independent driver of
cardiovascular risk in diabetes. Divergent findings in a subset of studies, where hs-CRP more strongly
predicted mortality than nonfatal ischemic events, suggest that the biomarker may reflect systemic
inflammatory vulnerability and impaired recovery capacity rather than solely plaque burden. The collective
evidence supports hs-CRP as a clinically meaningful, biologically plausible indicator of residual risk not
captured by conventional models. Incorporating hs-CRP into cardiovascular risk stratification frameworks
for diabetic patients may enhance individualized prevention strategies and justify future research on
targeted anti-inflammatory interventions. Overall, this review highlights inflammation as a measurable and
potentially modifiable determinant of cardiovascular outcomes in diabetes, reinforcing the clinical value of
hs-CRP beyond its observational association.
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Introduction And Background
Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality among individuals with
diabetes mellitus, representing nearly two-thirds of all deaths in this population. Diabetes accelerates
atherosclerosis through chronic hyperglycemia, dyslipidemia, oxidative stress, and endothelial dysfunction,
creating a pro-atherogenic milieu that persists even with modern therapeutic regimens [1]. Despite advances
in glucose-lowering medications, lipid control, antiplatelet therapy, and blood pressure management,
residual cardiovascular risk in diabetics remains substantial. This gap highlights the need for reliable
biomarkers capable of identifying high-risk individuals earlier, refining risk stratification, and guiding
preventive strategies [2,3].

High-sensitivity CRP (hs-CRP) has emerged as one of the most widely studied inflammatory biomarkers in
cardiovascular medicine. Produced predominantly by the liver in response to IL-6 and other cytokines, hs-
CRP reflects low-grade inflammation involved in plaque formation, progression, and instability [4,5]. Unlike
traditional risk markers that depict metabolic or structural abnormalities, hs-CRP captures the inflammatory
component of atherosclerosis, a dimension increasingly recognized as central to cardiovascular events. Its
assay sensitivity allows detection of subtle elevations that precede clinical outcomes, making it a candidate
predictor rather than merely a responder to vascular injury [6].

Diabetes further amplifies inflammation through mechanisms such as advanced glycation end-product
accumulation, adipocyte-mediated cytokine release, and chronic endothelial irritation. Consequently, hs-
CRP levels tend to be higher in diabetic patients than in nondiabetic counterparts, and this elevation may
correlate with microvascular and macrovascular complications [7]. Observational cohorts have shown that
higher hs-CRP levels in diabetes are linked with increased risk of myocardial infarction, stroke, coronary
artery disease progression, and cardiovascular mortality, independent of traditional risk factors.
Importantly, hs-CRP may complement conventional risk stratification tools by improving prognostic
discrimination and identifying patients who would benefit from intensified preventive interventions [8].
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Despite accumulating evidence, uncertainty persists regarding the consistency, magnitude, and
independence of hs-CRP’s prognostic value across diverse diabetic populations and clinical contexts.
Variability in sample size, baseline cardiovascular risk profiles, assay thresholds, adjustment for
confounders, and outcome definitions complicates interpretation. Additionally, whether hs-CRP
meaningfully adds predictive value beyond established markers, such as HbA1c, LDL cholesterol, and blood
pressure, is still debated. Clarifying these associations is crucial for determining whether hs-CRP should
move from being a research biomarker to a practical clinical tool integrated into cardiovascular risk
assessment algorithms for diabetes management. Therefore, the objective of this study is to systematically
evaluate the prognostic role of hs-CRP in predicting cardiovascular events among diabetic patients,
synthesizing evidence from prospective cohort studies to determine its predictive strength, independence,
and potential clinical utility.

Review
Materials and methods
Study Design and Framework

This research was conducted as a systematic review of cohort-based prognostic evidence evaluating the
relationship between hs-CRP and cardiovascular outcomes in individuals with type 2 diabetes. The review
followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines [9]
to ensure transparency, reproducibility, and methodological rigor. A review protocol was developed a priori
but was not prospectively registered in PROSPERO or any other international database. The search was
restricted to full-text, peer-reviewed articles published in English, with no limitations on year or country of
publication. Only original cohort analyses were considered primary evidence; previously published reviews
or meta-analyses were excluded and used only for contextual interpretation.

Eligibility Criteria (PICO Model)

Eligibility criteria were defined using a prespecified PICO framework [10]. Studies were included if they
enrolled adults with type 2 diabetes, irrespective of disease duration, geographic region, ethnicity, or
baseline cardiovascular risk. The exposure of interest was baseline hs-CRP (or CRP measured using high-
sensitivity assays), reported either continuously or in categorical groupings. Eligible comparators included
lower versus higher hs-CRP strata, reference quartiles, or per-unit increment models. Outcomes required
cardiovascular morbidity or mortality, including coronary heart disease events, major adverse cardiovascular
events, cardiovascular death, stroke, or composite endpoints, with secondary outcomes encompassing all-
cause mortality and microvascular complications. Only prospective cohort studies and prognostic analyses
derived from randomized trial populations were considered, whereas animal studies, cross-sectional designs,
case-control studies, and mechanistic investigations were excluded.

Search Strategy and Study Selection

Electronic searches were performed in PubMed, Google Scholar, Scopus, and Web of Science using
combinations of keywords including “hs-CRP”, “CRP”, “diabetes”, “cardiovascular risk”, “major adverse
cardiovascular events”, and “prognosis”. Reference lists of key articles and related reviews were scanned to
identify additional eligible studies. Titles and abstracts were screened for relevance, followed by full-text
assessment according to PICO criteria. Eight studies met inclusion thresholds, representing evidence across
European, Asian, and North American cohorts.

Data Extraction and Management

Key study characteristics were extracted using a structured template designed for prognostic research.
Extracted variables included author and year, cohort design, sample size, population features, hs-CRP
measurement approach, follow-up duration, cardiovascular outcomes evaluated, statistical modeling
strategy, adjusted hazard/relative risk estimates, and covariates included in multivariable models. To ensure
analytical consistency, whenever hs-CRP was presented categorically, effect sizes were recorded comparing
the highest versus the lowest exposure groups; when reported continuously, per-unit changes were retained.

Quality Appraisal and Risk of Bias Assessment

Risk of bias for each included study was appraised using the Quality In Prognosis Studies (QUIPS) tool [11],
which evaluates bias across domains including study participation, attrition, exposure measurement,
outcome definition, confounding, and statistical analysis. Each study was independently judged and
assigned a concise overall rating of low or moderate risk. Most included cohorts exhibited moderate risk due
to potential residual confounding or incomplete reporting of attrition, whereas one post-trial prognostic
dataset demonstrated lower risk due to rigorous event adjudication and consistent follow-up.

Synthesis of Evidence
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Evidence synthesis was descriptive and comparative. Given heterogeneity in populations, hs-CRP
categorization, analytic models, and outcome definitions, quantitative pooling (meta-analysis) was not
attempted. Instead, results were narratively synthesized to evaluate consistency in direction and magnitude
of prognostic associations across settings. This approach allowed triangulation of findings from large post-
acute coronary syndrome (ACS) datasets, population-based cohorts, and studies without CVD, enhancing
clinical interpretability.

Ethics and Reporting Considerations

As this review synthesized already published data, no ethical approval was required. The review was
conducted and reported in accordance with PRISMA, with predefined selection criteria, transparent data
extraction, structured quality assessment, and justification for narrative synthesis.

Results
Study Selection Process

A total of 410 records were identified through database searches, from which 32 duplicates were removed
prior to screening. After title and abstract review, 378 records were screened, and 211 were excluded. Full
texts of 167 reports were sought, of which 24 could not be retrieved. The remaining 143 full-text papers were
assessed for eligibility, leading to 135 exclusions based on predefined criteria, including wrong population,
exposure, outcomes, comparator, or study design. Ultimately, eight studies met the inclusion thresholds and
were retained for synthesis, as illustrated in Figure 1.

FIGURE 1: PRISMA flowchart showing the study selection process
PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses

Characteristics of the Selected Studies
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The eight studies included in this review (Table 1) collectively represent a diverse and clinically relevant
spectrum of type 2 diabetes populations across geographic settings, risk profiles, and outcome definitions.
Sample sizes ranged widely, from smaller mechanistic cohorts of approximately 350 participants to larger
trial-embedded analyses exceeding 5,000 individuals, enhancing both depth and external validity. Follow-up
duration varied from just over two years to nearly eight years, allowing assessment of both short-term and
long-term prognostic effects. Most cohorts consisted of middle-aged to older adults, with baseline CVD
either excluded to capture incident risk or deliberately included to evaluate recurrence risk. Despite
variability in hs-CRP categorization, ranging from quartile-based comparisons to absolute thresholds (>3
mg/L) and continuous modelling, the studies consistently utilized validated high-sensitivity assays.
Cardiovascular outcomes also differed across cohorts, encompassing composite major adverse
cardiovascular events, coronary deaths, stroke, and all-cause mortality, while one study extended
applicability to microvascular disease. Importantly, all studies applied multivariable statistical adjustment,
underscoring attempts to isolate the independent contribution of hs-CRP to vascular risk. Overall, the
characteristics summarized in Table 1 reflect a mature body of prospective evidence with methodological
consistency in biomarker assessment and outcome ascertainment, but also sufficient heterogeneity to allow
exploration of differential risk patterns across patient subgroups.
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Study Study design
Sample

size (n)

Population

characteristics (age,

diabetes type, and

baseline CVD status)

Exposure

measurement (hs-

CRP assay,

cutoff/categorization)

Follow-

up

duration

Outcomes

assessed

Statistical

model used
Effect size (HR/RR/OR with CI) Adjustment variables included

Schulze et

al. (2004)

[12]

Prospective

cohort
746

American men aged 46-81

years with type 2 diabetes;

no baseline CVD

CRP categorized into

quartiles

Mean 5

years

Composite CV

events (MI,

CABG/angioplasty,

and stroke)

Multivariate

Cox

regression

RR across quartiles: 1.00, 1.51, 2.52, 2.62;

p-trend = 0.011

Age, BMI, smoking, alcohol use,

physical activity, family history,

hypertension, cholesterol history,

aspirin use, fibrinogen, creatinine,

HbA1c, non-HDL cholesterol

Soinio et

al. (2006)

[13]

Prospective

cohort
1,045

Adults aged 45-64 years

with type 2 diabetes;

subgroup without prior MI

analyzed separately

hs-CRP categorized at

>3 mg/L vs. ≤3 mg/L
7 years

CHD mortality and

incident

(fatal/nonfatal) MI

Cox

regression

analysis

HR 1.72 for CHD death after adjustment;

among MI-free subjects, HR 1.84 for CHD

death

Adjusted for multiple confounders,

including cardiovascular risk

factors

Matsumoto

et al.

(2003) [14]

Prospective

cohort
350

Japanese adults with type

2 diabetes; baseline CVD

history partially accounted

for

hs-CRP analyzed as

continuous (per SD)

and tertiles

1-7

years

(mean

4.5

years)

All-cause mortality

and nonfatal CAD

or stroke

Multivariable

models /

Cox

regression

Per SD increase: HR 1.30 (95% CI 1.04-

1.67); highest vs. lowest tertile: HR 2.00

(95% CI 1.03-3.85)

Age, systolic BP, smoking, insulin

resistance index, prior CVD

Bruno et

al. (2009)

[15]

Population-

based

prospective

cohort

2,381

Adults with type 2 diabetes;

subgroup analyses

included normoalbuminuric

patients and those without

baseline CVD

CRP categorized at >3

mg/L vs. ≤3 mg/L

Median

5.4

years

All-cause mortality

and cardiovascular

mortality

Multivariate

Cox

proportional

hazards

modeling

HR 1.51 (95% CI 1.18-1.92) for all-cause

mortality; HR 1.44 (95% CI 0.99-2.08) for

CV mortality

Albumin excretion rate, HbA1c,

blood pressure, baseline CVD

status, standard cardiovascular risk

factors

Lee et al.

(2011) [16]

Retrospective

cohort with

prospective

follow-up

1,558
Korean adults with type 2

diabetes; no baseline CVD

hs-CRP categorized:

<0.08 mg/dL vs. >0.21

mg/dL (lowest vs.

highest)

Mean

55.5

months

Major adverse

cardiovascular

events

Cox

proportional

hazards

model

HR 1.77 (95% CI 1.16-2.71) for the highest

vs. the lowest hs-CRP category

Age, physical activity, smoking, and

diabetes duration

Aryan et al.

(2018) [17]

Population-

based

prospective

cohort

1,301

Adults with type 2 diabetes;

individuals with hs-CRP

>20 mg/L excluded

Baseline hs-CRP

measured

continuously (per SD

increment)

Mean

7.5

years

Coronary heart

disease events;

diabetic

retinopathy,

neuropathy, and

kidney disease

Cox

proportional

hazards

models

HR per SD increase: 1.028 (95% CI 1.024-

1.032) for CHD; 1.025 (95% CI 1.021-

1.029) for neuropathy; 1.037 (95% CI

1.030-1.043) for retinopathy; 1.035 (95%

CI 1.027-1.043) for nephropathy

Adjusted for traditional vascular risk

factors; reclassification metrics also

assessed

Sharif et al.

(2021) [18]

Prospective

cohort

(SMART

study)

1,679

High-risk type 2 diabetes

patients with or without

prior vascular disease

hs-CRP analyzed as a

log-transformed

continuous variable

Median

7.8

years

(IQR

4.2-11.1)

Composite CV

events (MI, stroke,

and vascular

mortality) and all-

cause mortality

Cox

proportional

hazards

models

HR per 1-unit log(hs-CRP): 1.21 (95% CI

1.01-1.46) for vascular mortality; 1.26

(95% CI 1.10-1.45) for all-cause mortality

Age, sex, BMI, smoking, alcohol

use, non-HDL cholesterol,

microalbuminuria

Hwang et

al. (2017)

[19]

Post hoc

prognostic

analysis of an

RCT cohort

(EXAMINE

trial)

5,380
Type 2 diabetes with

recent ACS

hs-CRP categories:

<1, 1-3, and >3 mg/L;

also dichotomized ≤3

vs. >3 combined with

LDL-C

30

months

Major adverse

cardiovascular

events (CV death,

nonfatal MI, and

nonfatal stroke)

Cox

proportional

hazards

models

HR 1.42 (95% CI 1.13-1.78; p = 0.002) for

hs-CRP >3 mg/L vs. <1 mg/L

Adjusted for relevant confounders,

including LDL-C

TABLE 1: Summary of included studies evaluating the association between hs-CRP levels and
cardiovascular outcomes
ACS, acute coronary syndrome; BP, blood pressure; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CHD, coronary heart disease;
CV, cardiovascular; CVD, cardiovascular disease; hs-CRP, high-sensitivity CRP; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; RCT,
randomized controlled trial

Risk of Bias Assessment

The risk of bias across the included studies was systematically assessed using standardized methodological
criteria, focusing on key domains such as selection bias, performance bias, detection bias, attrition bias, and
reporting bias. Overall, the majority of studies demonstrated a low to moderate risk of bias, with clear
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descriptions of study design, outcome assessment, and follow-up. However, some studies exhibited
potential concerns related to incomplete outcome data and lack of blinding, which may influence the
internal validity of their findings. A detailed summary of the risk of bias assessment for each included study
is presented in Table 2.

Study Risk of bias summary
Final
judgment

Schulze et al.
(2004) [12]

Well-defined prospective cohort with validated outcomes and extensive adjustment; however, moderate
potential for residual confounding and incomplete attrition reporting.

Moderate

Soinio et al.
(2006) [13]

Large cohort with hard outcomes and multivariable adjustment; details on follow-up losses are limited, and
residual confounding is likely.

Moderate

Matsumoto et al.
(2003) [14]

hs-CRP appropriately measured and outcomes clinically robust; smaller sample size and variable follow-up
introduce a moderate risk of bias.

Moderate

Bruno et al.
(2009) [15]

Population-based cohort with reliable mortality endpoints and appropriate covariate control; modest
missing sampling data and limited individual follow-up information.

Moderate

Lee et al. (2011)
[16]

Clear hs-CRP exposure classification and Cox modeling; hospital-based design and limited confounder
control increase the risk of bias.

Moderate

Aryan et al.
(2018) [17]

Large diabetic cohort with continuous hs-CRP modeling and improvement metrics; attrition description is
limited, and residual confounding cannot be excluded.

Moderate

Sharif et al.
(2021) [18]

Well-defined high-risk cohort, robust event verification, and adequate adjustment; referral-based population
limits generalizability.

Moderate

Hwang et al.
(2017) [19]

Post-trial cohort with high internal validity, adjudicated outcomes, and strong analytical adjustment; lowest
risk among included studies.

Low

TABLE 2: Risk of bias assessment of studies evaluating hs-CRP and cardiovascular risk
hs-CRP, high-sensitivity CRP

Discussion
Across diverse diabetic populations, the reviewed evidence consistently demonstrates that elevated hs-CRP
is a clinically meaningful predictor of cardiovascular risk. Schulze et al. (2004) [12] showed a clear risk
gradient, with cardiovascular event rates rising steadily across CRP quartiles, suggesting that inflammation
may accelerate vascular instability. This pattern was echoed by Soinio et al. (2006) [13], where patients with
hs-CRP >3 mg/L experienced nearly double the risk of coronary death, even in those without prior
myocardial infarction, indicating that hs-CRP may capture latent vulnerability before overt disease
manifests. Matsumoto et al. (2003) [14] strengthened this interpretation by showing that inflammation
predicts both fatal and nonfatal events and that risk doubles in the highest tertile of hs-CRP. Meanwhile,
Bruno et al. (2009) [15] demonstrated that CRP predicts not only cardiovascular but also all-cause mortality,
expanding the prognostic relevance beyond traditional endpoints. Notably, Lee et al. (2011) [16] and Hwang
et al. (2017) [19] confirmed this association in Asian and post-ACS cohorts, respectively, supporting external
validity across ethnic and clinical strata. Sharif et al. (2021) [18] added nuance by showing that hs-CRP
relates more strongly to mortality than to nonfatal ischemic events, suggesting that the biomarker may
better reflect systemic frailty and inflammatory vulnerability rather than the burden of occlusive disease
alone. Finally, Aryan et al. (2018) [17] broadened the scope by linking hs-CRP to both macrovascular and
microvascular complications, implying that inflammation is not specific to coronary events but may reflect
general vascular injury pathways. Collectively, these findings imply that hs-CRP is not merely an associative
marker but a biological signal of pathogenic processes intrinsically linked to diabetic vascular risk.

Traditional cardiovascular risk models in diabetes emphasize lipid status, glycemic control, blood pressure,
and renal markers, yet residual risk persists despite optimal treatment. The reviewed studies highlight
inflammation indexed by hs-CRP as a mechanistically and clinically relevant variable rarely incorporated
into risk stratification algorithms. Hwang et al. (2017) [19] elegantly illustrated this gap by demonstrating
that hs-CRP identifies risk independent of and additive to LDL-cholesterol reduction, indicating that lipid-
targeted therapy does not mitigate the inflammatory component of vascular disease. Similarly, Schulze et al.
(2004) [12] and Soinio et al. (2006) [13] found hs-CRP predictive even after controlling for HbA1c, adiposity,
and blood pressure, reinforcing the idea that current clinical frameworks underestimate the inflammatory
drivers of diabetic atherosclerosis. Aryan et al. (2018) [17] further suggested that inflammation spans
microvascular and macrovascular domains, meaning traditional cardiometabolic markers only capture a
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fraction of risk biology. Sharif et al. (2021) [18] advanced this concept by revealing that hs-CRP was more
strongly associated with mortality than with nonfatal ischemic events, implying that chronic inflammation
may influence vulnerability to collapse rather than isolated plaque rupture. Thus, the collective literature
positions hs-CRP as a window into residual risk biology, specifically inflammatory dysregulation, that
remains invisible to cholesterol and glycemic indices. Integrating hs-CRP into diabetes risk profiling may
therefore identify patients who would benefit from anti-inflammatory strategies, beyond conventional
metabolic and lipid-lowering interventions [20].

A dominant theme emerging from the included studies is that hs-CRP retains predictive value even after
accounting for established vascular determinants such as glycemic control, lipid levels, and blood pressure,
highlighting the biomarker’s unique contribution to risk biology. Schulze et al. (2004) [12] showed that CRP
quartiles predicted cardiovascular events independent of HbA1c, non-HDL cholesterol, and hypertension,
implying that inflammation may precede or amplify the effects of metabolic injury. Soinio et al. (2006) [13]
similarly demonstrated that hs-CRP remained associated with coronary mortality after adjusting for lipid
status, smoking, and blood pressure, reinforcing that inflammation represents a parallel pathogenic axis
rather than a downstream effect. Hwang et al. (2017) [19] extended this concept by showing hs-CRP was
additive to LDL-lowering effects after ACS, suggesting that even aggressive statin therapy fails to neutralize
inflammation-driven risk. Collectively, these observations imply that hs-CRP does not simply mirror
metabolic dysfunction but captures a mechanistically distinct and clinically relevant risk dimension,
supporting the argument that targeting inflammation may represent a necessary therapeutic complement to
glucose and lipid management in diabetes [21].

The observation that hs-CRP predicts vascular mortality more strongly than nonfatal events, as seen in
Sharif et al. (2021) [18], offers conceptual insight into the biology that hs-CRP reflects. One plausible
explanation is that elevated hs-CRP represents systemic inflammatory vulnerability, or frailty, involving
endothelial instability, autonomic imbalance, and immune dysregulation, making fatal collapse more likely
than isolated ischemic episodes. Meanwhile, nonfatal myocardial infarction or stroke may depend more
heavily on structural atherosclerotic burden rather than inflammatory activation alone, which could explain
why some cohorts showed weaker associations for incident MI than for cardiovascular death. Matsumoto et
al. (2003) [14] and Bruno et al. (2009) [15] support this distinction by reporting stronger predictive effects for
mortality outcomes. This divergence suggests that hs-CRP may function less as a marker of plaque volume
and more as a signal of plaque instability, impaired recovery capacity, or systemic inflammatory aging.
Understanding this difference may help refine clinical use-positioning hs-CRP as a tool for mortality risk
stratification rather than for event prediction alone [22].

The systematic consistency with which hs-CRP improves risk prediction raises important translational
questions about whether it should eventually be incorporated into clinical scoring models such as ASCVD,
UKPDS, or SCORE2-Diabetes [23]. Aryan et al. (2018) [17] demonstrated improved discrimination and net
reclassification for both microvascular and macrovascular endpoints when hs-CRP was added to traditional
risk factors, providing empirical justification for further methodological exploration. Hwang et al. (2017) [19]
similarly showed that hs-CRP refined prognostication even in lipid-managed post-ACS patients, illustrating
its capacity to detect residual risk not captured by LDL-driven frameworks. However, it must be emphasized
that no prospective clinical trials have yet evaluated hs-CRP-guided treatment strategies in type 2 diabetes,
and therefore any potential implementation pathway remains hypothetical. The concept of inflammation-
based stratification tiers, such as prioritizing more intensive preventive measures or exploring anti-
inflammatory approaches currently being tested in nondiabetic populations [24], should be viewed strictly as
part of a future research agenda rather than as a clinical recommendation. Incorporating hs-CRP into
diabetes risk algorithms may ultimately improve individualized prevention, but this requires prospective
validation before informing guideline-based practice.

The observed prognostic role of hs-CRP is supported by a robust biological framework linking inflammation
to vascular injury in diabetes. Chronic hyperglycemia induces oxidative stress, AGE-mediated endothelial
damage, and adipocyte dysfunction, stimulating IL-6 release, which drives hepatic synthesis of CRP; thus,
elevated hs-CRP reflects upstream inflammatory signaling rather than passive bystander activity [8,25].
Matsumoto et al. (2003) [14] reinforced this connection by showing that inflammation and insulin resistance
exert additive effects on mortality and cardiovascular events, suggesting shared yet partially independent
metabolic pathways. Mechanistically, inflammation promotes endothelial dysfunction, reduces nitric oxide
bioavailability, and accelerates monocyte adhesion, setting the stage for plaque formation and instability.
Moreover, hs-CRP itself may propagate vascular injury by enhancing LDL uptake by macrophages, impairing
endothelial repair, and affecting fibrinolytic balance. The stronger relationships observed for mortality in
studies such as Bruno et al. (2009) [15] and Sharif et al. (2021) [18] imply that systemic inflammatory
vulnerability increases not only plaque rupture risk but also resilience failure after ischemic injury. Thus, hs-
CRP serves as an integrative biomarker capturing immune activation, metabolic stress, vascular fragility,
and diminished repair capacity, making its predictive capacity physiological rather than merely statistical.

Confidence in these conclusions is strengthened by several methodological advantages across studies: large
sample sizes (e.g., [15,19]), multinational representation spanning European, Asian, and North American
populations, and diverse risk spectrums ranging from asymptomatic diabetics [12] to post-ACS cohorts [19].
Consistent adjustment for traditional risk variables gives credibility to the independent effect of hs-CRP. The
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inclusion of microvascular outcomes, as shown by Aryan et al. (2018) [17], broadens the relevance beyond
coronary endpoints. However, residual confounding remains a universal limitation, as not all inflammatory
drivers were accounted for, and observational designs preclude causality. Heterogeneity in hs-CRP reporting
(continuous vs. categorical thresholds) complicates cross-study comparison, and few studies explored
treatment interactions, leaving it unclear whether modifying hs-CRP improves outcomes. Attrition and
endpoint ascertainment were not uniformly reported across cohorts, contributing to moderate risk of bias
ratings. Nonetheless, the convergence of findings across settings and designs suggests the signal is
biologically meaningful, albeit requiring cautious clinical interpretation.

To contextualize these findings, several methodological limitations should be acknowledged. First, although
a narrative synthesis was employed due to considerable heterogeneity in study populations, hs-CRP
categorizations, analytical models, and outcome definitions, this approach inherently carries a risk of
subjective interpretation and selective emphasis despite the use of structured extraction and comparative
assessment frameworks. Second, the inability to retrieve 24 of the 167 full-text articles identified during
screening raises the possibility of selective nonretrieval bias, as unavailable studies may have differed
systematically from those included. These factors may influence the completeness and balance of the
evidence base and should be considered when interpreting the overall strength and generalizability of the
conclusions.

Several important gaps emerge from the evidence and create opportunities for impactful research. First,
given the independent and additive prognostic role of hs-CRP demonstrated in cohorts such as Hwang et al.
(2017) [19], clinical trials should evaluate whether anti-inflammatory therapeutics, such as IL-1β inhibitors,
colchicine, or structured lifestyle anti-inflammatory interventions, can reduce event rates specifically in
high-hs-CRP diabetic populations. Second, findings from Sharif et al. (2021) [18] suggest that hs-CRP may be
a stronger marker of mortality than nonfatal ischemic events, raising questions about whether it reflects
systemic frailty or impaired compensatory reserve; future studies should explore differential risk pathways.
Third, research should stratify diabetics by phenotypes such as visceral adiposity-driven inflammation,
insulin-resistant metabolic syndrome, or autoimmune-linked inflammatory diabetes, potentially refining
biomarker use toward precision cardiometabolic medicine. Finally, predictive models incorporating hs-CRP
warrant validation against decision-making endpoints, such as treatment escalation or intervention
allocation, to clarify whether hs-CRP should transition from an observational marker to an actionable
clinical variable. Addressing these gaps may enable hs-CRP to evolve from a prognostic signal to a
mechanistically targeted therapeutic guide.

Conclusions
This systematic review highlights that hs-CRP is a robust and independent predictor of cardiovascular
outcomes in individuals with type 2 diabetes, retaining its prognostic value even after adjustment for
glycemic control, lipid status, and blood pressure. Consistent associations across diverse populations and
clinical settings reinforce the concept that inflammation represents a distinct and clinically relevant
pathway driving residual vascular risk beyond traditional metabolic factors. Importantly, elevated hs-CRP
not only signals susceptibility to major adverse cardiovascular events but also appears to reflect broader
vascular vulnerability, including mortality and microvascular complications. The significance of this review
lies in demonstrating that inflammation is measurable, clinically meaningful, and potentially actionable.
These findings support considering hs-CRP within cardiovascular risk stratification frameworks for diabetes
and provide a strong rationale for future research into targeted anti-inflammatory strategies. Addressing
this inflammatory dimension of risk may meaningfully improve precision prevention and help bridge the
persistent gap between predicted and observed cardiovascular outcomes in diabetic populations.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data:  Sajid Abbas, Ahmad Mohammad, Shivam Singla,
Bhavna Singla

Critical review of the manuscript for important intellectual content:  Sajid Abbas, Shivam Singla, Syeda
Umm E Abeeha Zaidi

Drafting of the manuscript:  Ahmad Mohammad, Ishtiaq Ahmad, Bhavna Singla, Sunita Kumawat

Concept and design:  Ishtiaq Ahmad, Sunita Kumawat, Syeda Umm E Abeeha Zaidi

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the

 

2026 Zaidi et al. Cureus 18(2): e103348. DOI 10.7759/cureus.103348 8 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)


following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Siam NH, Snigdha NN, Tabasumma N, Parvin I: Diabetes mellitus and cardiovascular disease: exploring

epidemiology, pathophysiology, and treatment strategies. Rev Cardiovasc Med. 2024, 25:436.
10.31083/j.rcm2512436

2. Anderson SL, Marrs JC: Diabetes: how to manage cardiovascular risk in secondary prevention patients .
Drugs Context. 2022, 11:10.7573/dic.2021-10-1

3. Nilsson PM: Prevention of cardiovascular risk in diabetic patients - an update . Eur Endocrinol. 2007, 2:66-8.
4. Baye G, Wondmneh B, Ashenef B, Jemal M, Baylie T, Mengistu EF, Adugna A: Evaluation of lipid profile and

high sensitive C reactive protein levels among cigarette smokers in East Gojjam, Ethiopia. Am Heart J Plus.
2025, 58:100601. 10.1016/j.ahjo.2025.100601

5. Fatima Z, Shakeel R, Chaudhry SA, et al.: The relation between C-reactive protein (CRP) and risk of incident
heart failure in patients with cardiovascular disease: a narrative review. Ann Med Surg (Lond). 2025,
87:4356-61. 10.1097/MS9.0000000000003455

6. Koziarska-Rościszewska M, Gluba-Brzózka A, Franczyk B, Rysz J: High-sensitivity C-reactive protein
relationship with metabolic disorders and cardiovascular diseases risk factors. Life (Basel). 2021, 11:742.
10.3390/life11080742

7. Ebrahimi Z, Shojaeian Z, Amiri F, et al.: Association of major dietary patterns with advanced glycation end
products and high-sensitivity C-reactive protein in people with type 1 diabetes mellitus. Nutr J. 2023, 22:37.
10.1186/s12937-023-00860-x

8. Sibianu M, Slevin M: The pathogenic role of C-reactive protein in diabetes-linked unstable atherosclerosis .
Int J Mol Sci. 2025, 26:6855. 10.3390/ijms26146855

9. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

10. Brown D: A review of the PubMed PICO tool: using evidence-based practice in health education . Health
Promot Pract. 2020, 21:496-8. 10.1177/1524839919893361

11. Hayden JA, van der Windt DA, Cartwright JL, Côté P, Bombardier C: Assessing bias in studies of prognostic
factors. Ann Intern Med. 2013, 158:280-6. 10.7326/0003-4819-158-4-201302190-00009

12. Schulze MB, Rimm EB, Li T, Rifai N, Stampfer MJ, Hu FB: C-reactive protein and incident cardiovascular
events among men with diabetes. Diabetes Care. 2004, 27:889-94. 10.2337/diacare.27.4.889

13. Soinio M, Marniemi J, Laakso M, Lehto S, Rönnemaa T: High-sensitivity C-reactive protein and coronary
heart disease mortality in patients with type 2 diabetes: a 7-year follow-up study. Diabetes Care. 2006,
29:329-33. 10.2337/diacare.29.02.06.dc05-1700

14. Matsumoto K, Sera Y, Abe Y, Ueki Y, Tominaga T, Miyake S: Inflammation and insulin resistance are
independently related to all-cause of death and cardiovascular events in Japanese patients with type 2
diabetes mellitus. Atherosclerosis. 2003, 169:317-21. 10.1016/s0021-9150(03)00198-9

15. Bruno G, Fornengo P, Novelli G, et al.: C-reactive protein and 5-year survival in type 2 diabetes: the Casale
Monferrato study. Diabetes. 2009, 58:926-33. 10.2337/db08-0900

16. Lee S, Kim IT, Park HB, Hyun YK, Kim YJ, Song SO, Kim H: High-sensitivity C-reactive protein can predict
major adverse cardiovascular events in Korean patients with type 2 diabetes. J Korean Med Sci. 2011,
26:1322-7. 10.3346/jkms.2011.26.10.1322

17. Aryan Z, Ghajar A, Faghihi-Kashani S, Afarideh M, Nakhjavani M, Esteghamati A: Baseline high-sensitivity
C-reactive protein predicts macrovascular and microvascular complications of type 2 diabetes: a
population-based study. Ann Nutr Metab. 2018, 72:287-95. 10.1159/000488537

18. Sharif S, Van der Graaf Y, Cramer MJ, Kapelle LJ, de Borst GJ, Visseren FL, Westerink J: Low-grade
inflammation as a risk factor for cardiovascular events and all-cause mortality in patients with type 2
diabetes. Cardiovasc Diabetol. 2021, 20:220. 10.1186/s12933-021-01409-0

19. Hwang YC, Morrow DA, Cannon CP, et al.: High-sensitivity C-reactive protein, low-density lipoprotein
cholesterol and cardiovascular outcomes in patients with type 2 diabetes in the EXAMINE (Examination of
Cardiovascular Outcomes with Alogliptin versus Standard of Care) trial. Diabetes Obes Metab. 2017, 20:654-
9. 10.1111/dom.13136

20. Sun H, Yang J, Ma L, Wu Y: Association between hs-CRP/HDL-C ratio and risk of prediabetes or diabetes: a
cross-sectional study based on NHANES 2015-2023. BMC Endocr Disord. 2025, 25:183. 10.1186/s12902-025-
02004-0

21. Sakata K, Gamou T, Tada H, Hayashi K, Ino H, Yamagishi M: Low baseline high-sensitive C-reactive protein
is associated with coronary atherosclerosis regression: insights from the MILLION study. J Atheroscler
Thromb. 2019, 26:442-51. 10.5551/jat.44255

22. Swastini DA, Wiryanthini IA, Ariastuti NL, Muliantara A: Atherosclerosis prediction with high sensitivity C-
reactive protein (hs-CRP) and related risk factor in patient with dyslipidemia. Open Access Maced J Med Sci.
2019, 7:3887-90. 10.3889/oamjms.2019.526

23. Guo L, Lv H, Wang J, et al.: Predictive value of high sensitivity C-reactive protein in three-vessel disease
patients with and without type 2 diabetes. Cardiovasc Diabetol. 2023, 22:91. 10.1186/s12933-023-01830-7

24. Pathangey G, Allam MN, Abdelnabi MH, Sorajja D, Fortuin FD, Lee KS, Bhakta MD: Beyond lipids and
platelets: a review of anti-inflammatory strategies in secondary prevention of acute coronary syndromes. J
Clin Med. 2025, 14:7910. 10.3390/jcm14227910

25. Stanimirovic J, Radovanovic J, Banjac K, et al.: Role of C-reactive protein in diabetic inflammation .
Mediators Inflamm. 2022, 2022:3706508. 10.1155/2022/3706508

 

2026 Zaidi et al. Cureus 18(2): e103348. DOI 10.7759/cureus.103348 9 of 9

https://dx.doi.org/10.31083/j.rcm2512436
https://dx.doi.org/10.31083/j.rcm2512436
https://dx.doi.org/10.7573/dic.2021-10-1
https://dx.doi.org/10.7573/dic.2021-10-1
https://touchendocrinology.com/cardiovascular-risk/journal-articles/prevention-of-cardiovascular-risk-in-diabetic-patients-an-update/
https://dx.doi.org/10.1016/j.ahjo.2025.100601
https://dx.doi.org/10.1016/j.ahjo.2025.100601
https://dx.doi.org/10.1097/MS9.0000000000003455
https://dx.doi.org/10.1097/MS9.0000000000003455
https://dx.doi.org/10.3390/life11080742
https://dx.doi.org/10.3390/life11080742
https://dx.doi.org/10.1186/s12937-023-00860-x
https://dx.doi.org/10.1186/s12937-023-00860-x
https://dx.doi.org/10.3390/ijms26146855
https://dx.doi.org/10.3390/ijms26146855
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1177/1524839919893361
https://dx.doi.org/10.1177/1524839919893361
https://dx.doi.org/10.7326/0003-4819-158-4-201302190-00009
https://dx.doi.org/10.7326/0003-4819-158-4-201302190-00009
https://dx.doi.org/10.2337/diacare.27.4.889
https://dx.doi.org/10.2337/diacare.27.4.889
https://dx.doi.org/10.2337/diacare.29.02.06.dc05-1700
https://dx.doi.org/10.2337/diacare.29.02.06.dc05-1700
https://dx.doi.org/10.1016/s0021-9150(03)00198-9
https://dx.doi.org/10.1016/s0021-9150(03)00198-9
https://dx.doi.org/10.2337/db08-0900
https://dx.doi.org/10.2337/db08-0900
https://dx.doi.org/10.3346/jkms.2011.26.10.1322
https://dx.doi.org/10.3346/jkms.2011.26.10.1322
https://dx.doi.org/10.1159/000488537
https://dx.doi.org/10.1159/000488537
https://dx.doi.org/10.1186/s12933-021-01409-0
https://dx.doi.org/10.1186/s12933-021-01409-0
https://dx.doi.org/10.1111/dom.13136
https://dx.doi.org/10.1111/dom.13136
https://dx.doi.org/10.1186/s12902-025-02004-0
https://dx.doi.org/10.1186/s12902-025-02004-0
https://dx.doi.org/10.5551/jat.44255
https://dx.doi.org/10.5551/jat.44255
https://dx.doi.org/10.3889/oamjms.2019.526
https://dx.doi.org/10.3889/oamjms.2019.526
https://dx.doi.org/10.1186/s12933-023-01830-7
https://dx.doi.org/10.1186/s12933-023-01830-7
https://dx.doi.org/10.3390/jcm14227910
https://dx.doi.org/10.3390/jcm14227910
https://dx.doi.org/10.1155/2022/3706508
https://dx.doi.org/10.1155/2022/3706508

	Inflammation and Cardiovascular Risk: A Systematic Review of High-Sensitivity CRP as a Prognostic Indicator
	Abstract
	Introduction And Background
	Review
	Materials and methods
	Results
	FIGURE 1: PRISMA flowchart showing the study selection process
	TABLE 1: Summary of included studies evaluating the association between hs-CRP levels and cardiovascular outcomes
	TABLE 2: Risk of bias assessment of studies evaluating hs-CRP and cardiovascular risk

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


