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ABSTRACT

Background: Dyslipidemia remains one of the most important modifiable factors in cardiovascular disease prevention.
Despite effective lipid-lowering therapies, many patients are diagnosed late, do not reach LDL-C targets, or are not
treated according to guidelines. Early detection and personalized management are therefore essential to reduce long-
term cardiovascular risk.

Aims: The aim of this narrative review is to summarize current evidence on early diagnosis and management of
dyslipidemia, compare traditional preventive strategies with emerging diagnostic tools, and identify the main barriers
that limit their implementation in clinical practice. The review addresses three questions concerning the most
effective early management strategies, the potential of innovative diagnostics, and the systemic factors that prevent
timely detection and treatment.

Methods: A structured literature search was performed in PubMed, Scopus, and Web of Science for publications from
2019 to 2025. Studies on screening, risk stratification, lifestyle modification, pharmacologic therapy, and novel
diagnostic tools were included. Findings were synthesized into thematic categories.

Results: Routine lipid profiling, structured risk stratification, and timely initiation of lifestyle and pharmacologic
therapy reduce cardiovascular events. Statins remain first-line treatment, while ezetimibe, PCSK9 inhibitors,
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bempedoic acid, and inclisiran expand therapeutic options for high-risk patients. Genetic testing, lipoprotein(a)
measurement, and artificial intelligence methods can support more precise identification of individuals at increased
risk. However, gaps in screening, healthcare access, guideline implementation, and adherence still limit the impact of
early prevention.

Conclusions: Early diagnosis combined with structured risk assessment and evidence-based therapy is central to
preventing cardiovascular disease. Innovative tools have the potential to improve individualized prevention, but wider
adoption requires better access, clinician education, and public health strategies that support adherence and follow-

up.

Keywords: Dyslipidemia, cardiovascular disease, early diagnosis, primary prevention, risk assessment, statins, lipid-
lowering therapy, precision medicine, artificial intelligence

INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality worldwide, accounting for an
estimated 17.9 million deaths annually [1]. The burden of CVD continues to grow in both high- and low-income
countries, driven by population aging, sedentary lifestyles, and the global increase in metabolic disorders [36,38].
Among the modifiable risk factors, dyslipidemia plays a particularly critical role, as abnormalities in lipid metabolism
directly contribute to the development of atherosclerotic cardiovascular disease (ASCVD). Dyslipidemia, defined as
elevated low-density lipoprotein cholesterol (LDL-C), low high-density lipoprotein cholesterol (HDL-C), and elevated
triglycerides, is a well-established yet frequently underdiagnosed condition [2,3]. Despite decades of progress in
understanding lipid physiology and the introduction of potent lipid-lowering agents, such as statins and PCSK9
inhibitors, a significant proportion of individuals at risk remain undetected or inadequately treated [4]. This diagnostic
gap continues to drive preventable morbidity and mortality, underscoring the urgent need for improved strategies in
early identification and management of lipid abnormalities.

The pathophysiology of dyslipidemia-driven CVD is multifactorial, encompassing endothelial dysfunction, oxidative
stress, chronic inflammation, and immune activation that collectively promote atherogenesis [5,6,47]. The cumulative
and lifelong exposure to elevated LDL-C levels has been shown in multiple longitudinal studies to correlate directly
with the risk of myocardial infarction, ischemic stroke, and peripheral artery disease [7,8]. Conversely, early and
sustained lipid control through lifestyle modification and pharmacologic therapy can significantly reduce
cardiovascular risk and improve long-term survival [9-12]. The evidence from large-scale randomized trials supports
the principle of “the earlier, the better” in lipid management, suggesting that the timing of intervention may be just
as important as the intensity of treatment [40,45].

Recent international guidelines, such as those from the European Society of Cardiology (ESC) and the American Heart
Association (AHA), emphasize the role of risk stratification and personalized prevention to identify individuals who
would benefit most from early intervention [1,13]. Tools such as the ESC SCORE2, QRISK3, and pooled cohort
equations have become indispensable in estimating 10-year and lifetime cardiovascular risk, providing clinicians with
structured frameworks to tailor interventions [14,17]. In parallel, advances in genetics, lipidomics, and biomarker
research have refined the ability to detect subclinical dyslipidemia and residual cardiovascular risk that traditional
models may overlook [13,29]. Yet, despite these advances, their application in routine clinical practice remains
inconsistent due to health system disparities, limited clinician awareness, and insufficient integration of innovative
diagnostic technologies into primary care workflows [36,37].

In many healthcare systems, early diagnosis of dyslipidemia is hindered by structural and behavioral barriers. These
include limited access to routine biochemical screening, under-recognition in primary care, and low patient adherence
to lifestyle and pharmacologic interventions [15,16]. Moreover, socioeconomic inequalities, regional differences in
healthcare infrastructure, and gaps in preventive education further amplify the problem, especially in low- and
middle-income countries [28,33]. The rising global prevalence of obesity, diabetes mellitus, and metabolic syndrome
also exacerbates the scale of dyslipidemia and challenges existing prevention frameworks [38,39]. Consequently,
there is a growing consensus that early, systematic, and population-wide approaches to lipid screening and
management are necessary to mitigate the long-term burden of CVD.

The relevance and novelty of this topic lie not only in the continuing high prevalence of dyslipidemia but also in the
transformative potential of emerging diagnostic and predictive technologies. Recent years have seen rapid
development in molecular genetics, lipidomics, and artificial intelligence (AI) applications that enable a more precise
characterization of individual risk profiles [40-42]. Polygenic risk scores and advanced lipid subfraction analyses have
begun to reveal genetic and metabolic predispositions that conventional lipid testing fails to capture [43,44]. In
parallel, Al-driven predictive models now allow the integration of multidimensional clinical data to enhance early
detection and optimize treatment selection. Digital health technologies, wearable devices, and telemedicine platforms
further extend the capacity for continuous lipid monitoring, remote counseling, and personalized adherence support
[45,46]. These developments collectively represent a paradigm shift toward predictive, preventive, and personalized
cardiology, reshaping the landscape of cardiovascular prevention.
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Nevertheless, the translation of such innovative approaches into everyday clinical practice remains a major challenge.
Implementation gaps persist due to the absence of standardized protocols, insufficient clinician training, and varying
levels of evidence supporting the clinical utility of novel biomarkers and Al tools. Furthermore, while digital and
molecular advances promise earlier diagnosis, they also raise questions about cost-effectiveness, equity, and ethical
data use — issues that must be addressed to ensure global applicability [40,46].

Given these challenges and opportunities, the present narrative review aims to synthesize current evidence on the
early diagnosis and management of dyslipidemia, emphasizing both traditional and emerging approaches. Specifically,
it explores which diagnostic and therapeutic strategies are the most effective and accessible across diverse healthcare
settings, how novel genetic and Al-based tools enhance risk prediction beyond conventional methods, and what
barriers continue to hinder the widespread implementation of early dyslipidemia detection and treatment. Moreover, it
investigates how integrating innovative diagnostic and therapeutic frameworks can improve long-term cardiovascular
outcomes and reduce the global burden of disease.

By addressing these key aspects, the review contributes to a more comprehensive understanding of dyslipidemia as
both a biological and systemic health challenge. It highlights the need for interdisciplinary collaboration between
clinicians, researchers, and policymakers to close the gap between evidence and practice. Ultimately, the study
reinforces the concept that early, personalized, and technology-assisted management of dyslipidemia is not merely an
ideal but a necessary evolution in the ongoing effort to combat cardiovascular disease on a global scale.

RELEVANCE

Despite major advances in dyslipidemia treatment and prevention, a considerable proportion of patients remain
undiagnosed, undertreated, or fail to achieve recommended LDL-C targets. According to the ESC/EAS 2025 and AHA/
ACC 2023 guidelines, this problem persists even in settings with access to effective statin therapy and combination
regimens [1,32]. Underdetection is particularly common among young adults, women, and patients with metabolic
syndrome, leading to prolonged cumulative LDL-C exposure closely associated with myocardial infarction, ischemic
stroke, and peripheral atherosclerosis [6,7,15,28].

The relevance of this topic is further supported by the uneven adoption of modern diagnostic tools. Methods such as
lipoprotein(a) measurement, genetic testing, polygenic risk assessment, and Al-assisted predictive models identify
high-risk patients who would remain unrecognized through standard screening [13,29,34,35]. However, their
implementation is limited by healthcare disparities, cost constraints, lack of standardization, and insufficient clinician
experience [15,16,28,33,40,46].

Additionally, the global increase in obesity, diabetes, and metabolic syndrome intensifies the burden of dyslipidemia
and reinforces the need for earlier and more precise risk assessment [38,39].

Taken together, these findings demonstrate that early detection and personalized management remain an unresolved
public health challenge, despite the availability of effective therapeutic tools.

NOVELTY

This review combines data on traditional screening strategies (routine lipid profiling, SCORE2, QRISK3, combination
therapy) with emerging personalized diagnostic technologies such as genetic testing, lipoprotein(a) measurement,
polygenic risk scores, Al-based imaging analysis, and digital monitoring tools [13,29,34,35,40-46]. While most
publications examine these areas separately, the present review synthesizes them alongside updated ESC/EAS 2025
and AHA/ACC 2023 recommendations [1,32] and evaluates the practical limitations of implementation, including cost,
accessibility, clinician readiness, and patient adherence [15,16,28,33].

The novelty lies in integrating both conventional and innovative approaches and in highlighting the gap between
proven efficacy and real-world adoption across diverse healthcare systems.

AIM

The aim of this review is to summarize current evidence on early diagnosis and management of dyslipidemia,
compare traditional screening and treatment strategies with innovative diagnostic and personalized technologies, and
analyze the barriers that prevent their widespread implementation in clinical practice.

Research questions

1. Which early diagnostic and therapeutic strategies demonstrate the greatest evidence-based effectiveness and
real-world accessibility across different patient populations [1,6,9,12,32]

2. Which innovative diagnostic tools (genetic testing, lipoprotein(a), Al-based models) offer meaningful
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advantages for personalized risk stratification and therapy optimization compared with standard screening
[13,29,34,35,40-46]

3. Which systemic, economic, technical, and behavioral barriers limit the adoption of early dyslipidemia diagnosis
and personalized management, and what solutions are proposed in current literature [15,16,28,33]

METHODS

This narrative review was conducted using a predefined search strategy with explicit selection criteria and transparent
reporting of the literature screening process.

LITERATURE SEARCH

A structured search was performed in PubMed, Scopus, and Web of Science for publications dated January 2019 to
June 2025. Search terms included combinations of “dyslipidemia”, “hyperlipidemia”, “early diagnosis”, “cardiovascular

I I
I\

disease”, “risk assessment”, “primary prevention”, “lipid-lowering therapy”, “statins”, "PCSK9 inhibitors”, “bempedoic
acid”, and “inclisiran”. Boolean operators (AND/OR) were applied. Reference lists of relevant articles were screened to
identify additional publications.

STUDY SELECTION

The search identified 1,287 records. After removal of duplicates (n=214), 1,073 titles and abstracts were screened. A
total of 156 full-text articles were reviewed, and 92 met the eligibility criteria.

INCLUSION CRITERIA

e original clinical studies, systematic reviews, meta-analyses, and international guidelines addressing
dyslipidemia screening, early diagnosis, lipid-lowering therapy, cardiovascular outcomes, or emerging
diagnostic tools

e publications in English between 2019 and 2025
EXCLUSION CRITERIA

e case reports, conference abstracts, and non-peer-reviewed sources

« studies focused exclusively on pediatric populations or rare monogenic dyslipidemias without relevance to
general practice

 older publications were included only when needed for historical context

DATA EXTRACTION AND SYNTHESIS

Data were extracted on study type, population characteristics, diagnostic methods, intervention strategies, lipid
outcomes, and cardiovascular endpoints. Due to heterogeneity across study types, a formal meta-analysis was not
performed. Findings were summarized narratively across four thematic domains

. screening and early diagnosis
. lifestyle and pharmacologic interventions
. novel diagnostic tools and biomarkers

A W N -

. implementation barriers and public health approaches

RESULTS

This section synthesizes the current evidence on the early diagnosis and management of dyslipidemia, emphasizing
strategies for cardiovascular disease prevention. Findings are organized into four main thematic areas: screening and
early diagnosis, lifestyle interventions, pharmacologic therapy and novel agents, and emerging diagnostics and
biomarkers.

SCREENING AND EARLY DIAGNOSIS OF DYSLIPIDEMIA

Early identification of dyslipidemia is critical for timely intervention and risk reduction. Routine lipid profiling is
recommended for adults starting at age 20-25, with more frequent assessments for individuals with family history of
premature CVD, diabetes, obesity, or metabolic syndrome [1,6,14].

Risk stratification tools such as SCORE2, QRISK3, and pooled cohort equations facilitate identification of high-risk
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individuals, enabling personalized preventive strategies [14,17]. Several studies highlight the underutilization of
screening in primary care settings, particularly among younger adults and women, contributing to delayed diagnosis
and suboptimal risk management [7,15,28]. Table 1 compares key elements of contemporary international guidelines
(ESC/EAS 2025, AHA/ACC 2023, and ASPC 2024), including recommended starting age for screening, suggested
testing intervals, preferred cardiovascular risk-stratification tools, and notes on high-risk populations requiring earlier
or more frequent assessment.[1, 32 ,24].

Table 1. International guideline recommendations for dyslipidemia screening and risk assessment in
adults. LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; ASCVD:

atherosclerotic cardiovascular disease.

. Risk .
Guideline Screening Frequepcy of Stratification No_tes/ High- References
Age Testing Tool Risk Groups
Every 4-6 . .
Adults ’ Family history of
ESC/EAS | 55025 || Years; more SCORE2 premature cvD, || 11 MachF
2025 often if high- . . 2025
years risk diabetes, obesity
High-risk
Every 4-6 individuals
AHA/ACC || Adults =20 || years; more Pooled Cohort include those [32] Katsiki
2023 years often if high- Equations with FH or N 2023
risk metabolic
syndrome
Every 4-6
ASPC Adults 220 || years; more QRISK3 ;I:IJ(r)\m:rna?:Ir:Iits [24] Katsiki
2024 years often if high- Y " 9 .t N 2024
risk with risk factors

LIFESTYLE INTERVENTIONS

Lifestyle modification remains the cornerstone of dyslipidemia management. Evidence supports several key
interventions including dietary changes such as adoption of the Mediterranean diet, DASH diet, and plant-based diets,
which can significantly reduce LDL-C and triglycerides while improving HDL-C [9,20,25]. Regular aerobic exercise of
at least 150 minutes per week reduces total cholesterol and improves endothelial function [10,11]. Even modest
weight reduction of 5-10% of body weight is associated with meaningful improvements in lipid profile and overall
cardiometabolic risk [9,23]. Smoking cessation and moderation of alcohol intake are also critical adjuncts for

cardiovascular risk reduction [11,12].

Table 2 summarizes evidence-based lifestyle strategies shown to improve lipid profiles and reduce atherosclerotic
cardiovascular disease (ASCVD) risk, including dietary patterns, physical activity, weight reduction, smoking
cessation, and moderate alcohol intake. [19,20,28,39]

Table 2. Impact of lifestyle interventions on lipid profiles and cardiovascular outcomes LDL-C: low-
density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TC: total cholesterol; TG -
triglycerides.

Lifestyle Intervention Expected Effect on Lipids / CVD Risk

Mediterranean / DASH / Plant-based Diets | LDL-C, | TG, 1 HDL-C

Aerobic Exercise (=150 min/week) | TC, improved endothelial function

Weight Reduction (5-10%) | LDL-C, | TG, improved cardiometabolic risk

Smoking Cessation | ASCVD risk, 1 HDL-C

Variable effects on HDL-C and TG

Moderate Alcohol Intake
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PHARMACOLOGIC THERAPY AND NOVEL LIPID-LOWERING AGENTS

Pharmacologic therapy is recommended when lifestyle modifications alone are insufficient or when individuals are at
high cardiovascular risk [1,3,31] Statins are the first-line therapy effective in reducing LDL-C by 30-60% and shown
to reduce cardiovascular events in both primary and secondary prevention [1,9,10,32] Ezetimibe is recommended as
add-on therapy for patients not achieving LDL-C targets with statins [1,32] PCSK9 inhibitors are emerging biologic
agents providing potent LDL-C reduction particularly beneficial for high-risk or statin-intolerant patients [12,32]
Bempedoic acid and inclisiran are novel agents demonstrating efficacy in LDL-C lowering with favorable safety profiles
[12,32] Several studies highlight that early initiation of pharmacologic therapy in high-risk individuals results in
greater absolute risk reduction and improved long-term outcomes [9,12,32]

EMERGING DIAGNOSTICS AND BIOMARKERS

Advances in diagnostics allow for more precise risk assessment [13,29,34,35] Genetic testing enables identification of
familial hypercholesterolemia facilitating early intervention in at-risk individuals [13,29] Lipoprotein(a) measurement
is recognized as an independent risk factor for ASCVD and may guide therapeutic decisions [29] Novel biomarkers
and imaging methods including coronary artery calcium scoring carotid intima-media thickness and Al-based retinal
or ECG analysis enhance risk stratification beyond traditional lipid parameters [13,34,35] These tools support a
personalized medicine approach with the potential to improve both preventive and therapeutic outcomes
[13,29,34,35]

BARRIERS TO EARLY DIAGNOSIS AND MANAGEMENT

Despite advances several barriers continue to limit effective management [15,16,28,33] Healthcare system
limitations such as insufficient screening programs and variability in guideline adherence remain significant obstacles
[28,33] Patient factors including low adherence to lifestyle and pharmacologic interventions further hinder optimal
outcomes [15,16] Socioeconomic and regional disparities also play a major role as access to care and affordability of
medications influence overall effectiveness [28,33] Addressing these challenges requires multidisciplinary
interventions public health strategies and patient-centered approaches to improve early detection and management
[16,28,33]

DISCUSSION

This narrative review highlights the pivotal role of early diagnosis and management of dyslipidemia in preventing
cardiovascular disease (CVD). The evidence demonstrates that early identification of lipid abnormalities, coupled with
targeted interventions, can significantly reduce the incidence of major cardiovascular events [1-3,6,9].

Interpretation of Findings

Our synthesis confirms that routine lipid screening and risk stratification are foundational for effective primary and
secondary prevention [6,14,17]. Risk calculators such as SCORE2 and QRISK3 provide clinicians with practical tools
to estimate 10-year and lifetime cardiovascular risk, allowing timely initiation of interventions [14,17]. Despite this,
many individuals remain undiagnosed, particularly younger adults, women, and those in low-resource settings,
highlighting gaps in current practice [7,15,28].

Lifestyle modification continues to play a central role. Evidence demonstrates that dietary interventions, increased
physical activity, weight management, and smoking cessation collectively improve lipid profiles and reduce CVD risk
[9-12,20,23,25]. While lifestyle measures alone may be insufficient for high-risk patients, they enhance the efficacy
of pharmacologic therapy and confer additional metabolic and vascular benefits [10,11,23].

Pharmacologic therapies remain essential, particularly for patients with elevated risk or inadequate response to
lifestyle interventions. Statins, ezetimibe, and PCSK9 inhibitors have robust evidence supporting their use in both
primary and secondary prevention [1,9,12,32]. Novel agents such as bempedoic acid and inclisiran further expand
treatment options, offering effective LDL-C reduction with favorable safety profiles [12,32]. Importantly, early
initiation of therapy is associated with greater absolute risk reduction, underscoring the importance of timely
diagnosis and management [12,32].

Emerging tools, including genetic testing, lipoprotein(a) measurement, and Al-assisted imaging, facilitate a more
personalized approach to dyslipidemia management, allowing clinicians to identify high-risk individuals who might
benefit from earlier or more intensive intervention [13,29,34,35]. Incorporating these strategies into clinical practice
has the potential to optimize preventive outcomes, though cost-effectiveness and accessibility remain considerations
[13,29,34,35].

CLINICAL AND PUBLIC HEALTH IMPLICATIONS
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Implementing comprehensive screening programs and risk-based interventions can substantially reduce the global
burden of CVD [28,33]. Multidisciplinary care models that integrate primary care, cardiology, nutrition, and patient
education have demonstrated improved adherence to therapy and better lipid control [16,28]. Public health initiatives
promoting awareness and access to lipid-lowering therapies are critical for reaching underserved populations and
achieving equitable cardiovascular risk reduction [28,33].

Furthermore, the integration of novel diagnostic tools into clinical workflows may enable more precise risk
stratification, identification of familial hypercholesterolemia, and optimization of therapy [13,29,34,35]. Howeuver,
widespread implementation requires addressing logistical, financial, and ethical challenges.

Summarizing this review in direct response to the stated objective and research questions, three key conclusions can
be drawn. First, the most effective and clinically accessible approach to early dyslipidemia management combines
routine lipid screening, structured risk stratification, lifestyle modification, and guideline-directed pharmacologic
therapy. Second, innovative diagnostic tools such as genetic testing, lipoprotein(a), and Al-assisted methods enhance
risk prediction beyond conventional lipid profiling and support earlier and more precise treatment selection in high-
risk patients. Third, persistent systemic and socioeconomic barriers explain why many individuals remain
undiagnosed or undertreated despite the availability of effective therapies. These findings highlight the gap between
evidence and real-world practice and underscore the need for integrated care models, wider access to advanced
diagnostics, and public health policies aimed at improving awareness, adherence, and equity.

LIMITATIONS

As a narrative review this study has several inherent limitations. Selection bias may be present as although a
comprehensive search strategy was used the narrative design does not allow for formal meta-analysis or quantitative
synthesis. Heterogeneity across studies including differences in populations outcome definitions and intervention
strategies may limit the generalizability of findings. The rapidly evolving nature of evidence also poses a limitation
since new therapies and diagnostic tools are continuously being evaluated and the presented data may change as
additional trials are published. Another limitation is the language restriction as only English-language studies were
included which may have led to the omission of relevant research from other regions. Despite these constraints this
review provides a critical and up-to-date synthesis of current evidence offering practical insights for clinicians and
policymakers.

CONCLUSION

Early and accurate diagnosis of dyslipidemia is a key element of cardiovascular disease prevention, influencing health
outcomes at both individual and population levels. The analysis confirms that routine lipid profiling, structured risk
stratification, and timely initiation of lifestyle or pharmacologic interventions reduce the long-term risk of major
cardiovascular events. Early detection also limits cumulative exposure to elevated LDL cholesterol, which plays a
decisive role in the development of atherosclerosis throughout life.

Addressing the first research question, the most effective and accessible approach to early dyslipidemia management
combines lifestyle modification with guideline-directed pharmacotherapy. Dietary changes, regular physical activity,
weight control, and smoking cessation enhance the benefits of statins, ezetimibe, PCSK9 inhibitors, bempedoic acid,
inclisiran, and other lipid-lowering agents.

Regarding the second research question, innovative diagnostic tools, including genetic profiling, lipoprotein(a)
measurement, and artificial intelligence systems, offer more precise risk prediction and improve treatment selection
for high-risk patients who may be missed by conventional screening. However, limited availability, unequal access to
healthcare resources, and insufficient clinician training continue to restrict their routine use.

The third research question highlights that successful dyslipidemia management depends not only on effective
therapies but also on health-system organization and patient engagement. Low adherence, socioeconomic
inequalities, and limited long-term follow-up remain major obstacles. Overcoming these challenges requires public
health initiatives, coordinated interdisciplinary care, and the integration of digital technologies to support monitoring
and adherence.

Consistent with the aim of this review, several priorities for future research and practice can be identified. These
include long-term evaluation of intensive lipid-lowering strategies, assessment of the cost-effectiveness of innovative
diagnostic tools, development of real-world screening frameworks, and expansion of preventive programs focused on
awareness, access, and adherence.

In summary, integrating early detection, personalized risk assessment, and evidence-based management into routine
clinical practice represents an effective strategy for reducing the burden of cardiovascular disease worldwide.
Combining traditional and emerging approaches demonstrates that early and individualized lipid management is not
only clinically beneficial, but essential for future preventive cardiology.
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