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ABSTRACT
Cardiovascular Disease (CVD) remains a global health concern, with dyslipidemia playing a 
significant role in its development. Traditional approaches to assessing CVD risk have primarily 
focused on individual lipid components, notably Low-Density Lipoprotein cholesterol (LDL-c). 
However, these approaches exhibit limitations, particularly when applied to populations with 
hypertriglyceridemia and metabolic disorders. An alternative, non-High-Density Lipoprotein 
cholesterol (non-HDL-c), which is calculated as the difference between total cholesterol and 
High-Density Lipoprotein cholesterol (HDL-c), has emerged as a superior biomarker for evaluating 
CVD risk. Non-HDL-c encompasses all lipoproteins associated with atherosclerosis, including 
those rich in triglycerides, offering a more comprehensive perspective on atherogenic burden. 
This biomarker possesses several advantages, including a robust correlation with atherosclerosis, 
consistent measurements under diverse laboratory conditions, and suitability for non-fasting 
samples. Most importantly, non-HDL-c exhibits superior predictive capabilities for cardiovascular 
events when compared to LDL-c. This review underscores the evolution of lipid assessment, 
elucidates the pathophysiological foundations of non-HDL-c, and underscores its central role 
in contemporary cardiovascular risk evaluation. Furthermore, it delves into the potential of 
non-HDL-c in guiding treatment decisions and enhancing patient outcomes, thus emphasizing 
its crucial role in the battle against CVD.

Keywords: Cardiovascular disease, Dyslipidemia, Non-high-density lipoprotein cholesterol, 
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INTRODUCTION

Cardiovascular Disease (CVD) stands as the foremost global 
contributor to both mortality and morbidity. As of 2019, the 
World Health Organization (WHO) recorded approximately 
17.9 million deaths attributable to this condition worldwide.1 
Dyslipidemia, a significant inflammatory risk factor, contributes 
to Coronary Heart Disease (CHD) development.2 In recent 
decades, our comprehension of the function of lipoproteins in 
CVD metabolism has significantly broadened.3 Initially, Total 
Cholesterol (TC) was linked to arterial plaque formation, later 
refined into the concepts of "bad" and "good" cholesterol. The 
inclusion of Triglycerides (TG) improved our understanding, 
aiding in predicting plaque-related diseases. These components 
constitute the core elements of the lipid panel used in clinical 
lipidology. How we present lipoprotein concentrations effectively 

communicates data's relative importance to physicians. 
Explicitly noting levels of Low-Density Lipoprotein cholesterol 
(LDL-c) has become increasingly significant as both a marker of 
cardiovascular risk and a target for treatment. Our understanding 
of the "optimal" LDL-c has transformed, leading to alterations in 
reference ranges. At times, the TC to High-Density Lipoprotein 
cholesterol (HDL-c) ratio has been employed, with some 
adopting it as a primary indicator of heart disease risk. Current 
understanding reveals that the relationship between lipoprotein 
pathology and atherosclerosis is more complex than initially 
believed.4,5 However; this novel knowledge is not consistently 
incorporated into education or practice. The dimensions and 
concentrations of lipoprotein particles, including the "particle 
counts" for various lipoprotein categories, as well as the levels of 
specific apolipoprotein, are now being acknowledged as clinical 
parameters with significant potential. However, their utilization 
is primarily restricted to research or specialized lipid clinics, 
primarily due to cost, restricted accessibility, and an incomplete 
grasp of their clinical significance.

Non-High-Density Lipoprotein cholesterol (non-HDL-c) is 
ready for clinical integration and should be part of every lipid 
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profile conducted by both commercial and clinical laboratories. 
A standard lipid panel derives this value by subtracting HDL-c 
from TC. The connection between elevated blood cholesterol 
and CVD is well-established through consistent findings from 
multiple studies.6,7 Measuring non-HDL-c concentration 
offers a straightforward means of assessing the total load of 
proatherogenic lipoproteins, including Apolipoprotein B (ApoB). 
This category encompasses lipoprotein (a), Very Low-Density 
Lipoproteins (VLDL), Intermediate-Density Lipoproteins (IDL), 
and their metabolic remnants.8 In addition to assessing cholesterol 
levels within Low-Density Lipoprotein (LDL) particles, current 
guidelines in both the United States and Europe recommend 
the evaluation of non-HDL-c. This is calculated by subtracting 
HDL-c from TC and is a crucial component of cardiovascular 
risk assessment.9,10

Accumulating evidence highlights the effectiveness of therapy 
aimed at reducing lipid levels in preventing CVD among 
individuals at high risk.9-14 Therefore, this review centers on a 
straightforward method for assessing the extended-term risk 
associated with non-HDL-c and its connection to CVD.

Understanding Lipoproteins and Cardiovascular 
Disease

Lipoproteins play a vital role in transporting cholesterol and 
TG to peripheral tissues for cellular membrane maintenance 
and metabolic processes. These lipoproteins differ in 
their apolipoprotein compositions and the proportions of 
cholesterol and TG they carry.15,16 Historically, the link between 
atherosclerosis and LDL-c has been predominantly linked to 
compact, dense particles that effectively convey cholesterol 
into arteries, subsequently undergoing oxidation.17,18 However, 
as TG levels rise, other lipoproteins become more prominent 
contributors to atherosclerosis.19,20 Significantly, VLDL, a 
lipoprotein rich in TG and containing ApoB, stands out as 
a contributor to atherosclerosis formation. It is synthesized 
in response to the arrival of free fatty acids in the hepatic 
environment. VLDL concentrations can be approximated through 
routine TG measurements. Epidemiological studies support TG 
and VLDL as predictors of CVD, with reducing TG improving 
CVD outcomes.21-23 The breakdown of VLDL into IDLs by 
lipoprotein lipase leads to the increase of IDL subfractions in the 
presence of excess TG. Similar to LDL, smaller VLDL and IDL 
particles can infiltrate the vessel wall, transporting cholesterol 
to growing plaques. The consideration of lipoprotein(a) (Lp[a]) 
is also essential. Lp(a) bears resemblance to LDL and exhibits 
a strong affinity for vessel walls, being relatively less influenced 
by insulin resistance and TG levels; however, it can trigger 
thrombosis. The non-HDL-c test gains favor as it consolidates 
all lipoprotein concentrations associated with atherosclerosis 
into a comprehensive risk assessment. This metric encompasses 
the full spectrum of ApoB-containing lipoproteins mentioned 
earlier, encompassing VLDL, IDL, chylomicron remnants, 

Lp(a), and LDL. Non-HDL-c potentially outperforms LDL-c as 
a CVD predictor due to its holistic evaluation of all atherogenic 
particles, grounded in robust biological underpinnings. As TG 
levels increase, the correlation between non-HDL-c and ApoB 
surpasses that of LDL-c, a trend that aligns with expectations.23,24 
Various institutions recommended the adoption of non-HDL-c 
prior to extensive longitudinal epidemiological support.25,26 The 
non-HDL-c test accounts for lipoproteins rich in TG, a factor 
expected to gain significance due to age-related factors, obesity, 
insulin resistance, and elevated blood sugar levels within the 
population.4 Advancing age and weight gain often exacerbate 
insulin resistance, augmenting the flow of fatty acids to the 
liver and consequently elevating VLDL production. Specifically, 
individuals with metabolic syndrome and Type 2 Diabetes 
Mellitus (T2DM) often demonstrate heightened non-HDL-c 
levels.27,28 Non-HDL-c serves as an indirect indicator of high level 
of LDL atherogenicity. The concept that small, dense LDLs could 
exhibit greater atherogenicity than their larger counterparts 
has been raised. When insulin resistance is present along with 
elevated levels of TG and Very Low-Density Lipoprotein 
cholesterol (VLDL-c), the esters of LDL-c can undergo conversion 
into VLDL and TG.29 This transformation leads to the creation 
of small, dense LDL particles, often observed in individuals 
with elevated non-HDL-c levels. Additionally, incorporating 
cholesterol into VLDL aids in preventing the separation of LDL-c 
and LDL particle count.30

EXPLORING LIPOPROTEIN SUBCLASSES

Decoding lipoprotein sizes: From chylomicrons to 
high-density lipoproteins
The heterogeneity in lipoprotein particle composition is 
intricately linked to shifts in lipoprotein atherogenicity.31,32 Small, 
dense lipoprotein particles, owing to their fast oxidation and high 
susceptibility to being taken up by vascular wall macrophages, 
are considered more prone to atherogenesis.33 Various laboratory 
techniques are employed to discern LDL subfractions, each 
aimed at isolating LDL particles from plasma samples. These 
methods encompass the vertical auto profile, fragmented gradient 
gel documentation system, and nuclear magnetic resonance 
spectroscopy. Nonetheless, the conclusive determination of the 
comparative therapeutic benefits of these methods in contrast to 
traditional lipid and lipoprotein assessments remains pending. 
Although small, dense LDL particles are often elevated in 
individuals with CHD, it's noteworthy that plasma TG levels 
are the primary modulators of LDL particle size. Moreover, an 
extensive body of research has demonstrated that LDL particle 
size inconsistently predicts CHD risk.34 Clinical observations 
have highlighted that individuals with TG concentrations of 
150 mg per deciliter (mg/dL) commonly exhibit an elevated 
prevalence of small, dense LDL particles accompanied by 
diminished LDL particle size.35 In the course of this evolutionary 
progression, LDL particles can originate from VLDL particles. 
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This transformation is made possible through the action of 
hepatic lipase, which removes TG-rich remnants from large 
VLDL particles, ultimately leading to the creation of small, dense 
LDL particles.36 Consequently, a substantial positive correlation 
exists between TG and VLDL levels and the presence of tiny LDL 
particles.35 Numerous prospective, retrospective, and case-control 
studies have established an association between the existence of 
compact, dense LDL particles and an increased likelihood of 
CHD. However, other investigations have revealed that while 
this subtype's circulation might reflect an inflammatory milieu 
(characterized by TG fluctuations, HDL particles, and other 
cardio metabolic risk biomarkers), it may not independently 
signify the presence of Coronary Artery Disease (CAD)31,37 Given 
the atherogenic nature of both larger and smaller LDL subclasses, 
the apoB content (and/or the apoB-containing lipoprotein 
atherogenicity-enhancing influence of apolipoprotein CIII) 
could emerge as a more effective predictor of CHD risk within 
this framework.31 A critical question arises regarding whether 
apoB or non-HDL-c stands as a more potent CHD risk predictor, 
given the existing body of evidence endorsing apoB as a CHD 
marker.38,39

In Figure 1, we have presented a schematic representation of 
diverse lipoprotein types, their sizes, and densities, aiding in the 
visual comprehension of their arrangement.66

Chylomicrons

Chylomicrons constitute TG-rich particles originating from 
the intestine, facilitating the conveyance of dietary TGs and 
cholesterol to peripheral tissues and the liver. Within these 
particles, a collection of apolipoprotein is present, encompassing 
A-I, A-II, A-IV, A-V, B-48, C-II, C-III, and E. Significantly, the 
primary structural component is apoB-48, and every chylomicron 
particle contains just one apoB-48 molecule. The dimensions of 
chylomicrons display variability linked to the quantity of ingested 
fat. A diet high in fat amplifies the conveyance of TGs, leading to 
the emergence of larger chylomicron particles. On the contrary, 
when fasting, the TG load decreases, leading to the creation of 
smaller chylomicron particles.40

Remnants of chylomicrons

The removal of TG from chylomicrons by peripheral tissues 
produces small particles known as chylomicron residues. These 
particles are proatherogenic and contain more cholesterol than 
chylomicrons.41

Very low-density lipoproteins

These TG-rich particles are synthesized by the liver and consist of 
apolipoprotein B-100, C-I, C-II, C-III, and E. Apo B-100 serves as 
the predominant structural component, with each VLDL particle 
carrying a single Apo B-100 molecule. Similar to chylomicrons, 
the size of VLDL particles can vary depending on the amount 
of TG within each particle. The dimensions of VLDL particles 

increase as the liver produces more TG. Notably, chylomicrons 
surpass VLDL particles in terms of size.42

Intermediate-density lipoproteins

The process of extracting TGs from VLDL by adipose tissue and 
muscle leads to the emergence of IDL particles distinguished by 
their elevated cholesterol content. Consisting of apolipoprotein 
B-100 and E, IDL particles play a crucial role in the progression 
of atherosclerosis.42

Low-density lipoproteins

These particles consist of a significant portion of the bloodstream's 
cholesterol content comprising cholesterol-rich VLDL and IDL 
components. The most common apolipoprotein is B-100, with 
each LDL particle containing one Apo B-100 molecule. Inside LDL, 
a range of particles can be found, characterized by differences in 
both size and density. The presence of excessive small, dense LDL 
particles has been linked to hypertriglyceridemia, low HDL levels, 
obesity, T2DM, such as individuals with metabolic syndrome, as 
well as viral and inflammatory disorders. A consensus attributes 
a greater pro-atherogenic potential to compact LDL particles 
compared to their larger counterparts. The smaller, denser 
LDL particles exhibit diminished affinity for the LDL receptor, 
prolonging their circulation. Furthermore, they exhibit easier 
infiltration into artery walls and stronger binding to intra-arterial 
proteoglycans, leading to their entrapment within the arterial 
wall. Furthermore, these more compact and denser LDL particles 
have an increased susceptibility to oxidation, which could lead to 
a greater likelihood of being absorbed by macrophages.38,43-46

High-density lipoproteins

HDL particles have a critical function in promoting the reverse 
transport of cholesterol from peripheral tissues to the liver, which 
contributes to their potential as anti-atherogenic agents. Beyond 
this, HDL particles exhibit a multifaceted range of qualities 
including antioxidant, anti-inflammatory, anti-thrombotic, 
and anti-apoptotic properties, collectively serving to deter 
atherosclerosis. In comparison to LDL particles, HDL particles 
contain elevated quantities of cholesterol and phospholipids. 
These particles are associated with a repertoire of apolipoprotein, 
including A-I, A-II, A-IV, C-I, C-II, C-III, and E. Apo A-I takes 

Figure 1: Schematically illustrates various lipoprotein types, sizes, and 
densities for easy visualization.66
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precedence as the principal structural protein within HDL, 
with each HDL particle possibly encapsulating multiple Apo 
A-I molecules. HDL particles demonstrate extensive variation, 
lending them to classification based on factors such as density, 
size, charge, or apolipoprotein composition.47

Drawbacks of Traditional Lipid Estimation in 
Cardiovascular Risk Assessment

Low-density lipoprotein cholesterol is a key target in cholesterol 
management for CVD and occupies the central role in the 
conventional approach to addressing dyslipidemia. Historically, 
the Friedewald equation has been the standard method for 
calculating LDL-c levels within the standard lipid panel. Despite 
its widespread application in predicting cardiovascular events, 
LDL-c's efficacy has diminished due to several limitations. 
Firstly, LDL-c solely quantifies the cholesterol content within 
LDL particles. Secondly, this equation yields inaccurate results 
in cases of dyslipidemia, specifically when TG exceeds 200 mg/
dL. This concern is acknowledged by guidelines such as the 
Japan Atherosclerotic Society 2012 and various contemporary 
investigations.38,44-46 Remarkably, LDL-c measurements can 
display inaccuracies, even in individuals with good health, 
showing a variance of 13.3-13.5%.48

Embracing Non-high-density-Lipoprotein 
Cholesterol: Advantages and Innovation

The incorporation of non-fasting samples for the assessment 
of non-HDL-c levels offers a patient-friendly approach that 
expedites treatment decisions. This approach is in line with the 
2018 recommendations, which emphasized the practicality 
of using non-fasting samples in healthcare decision-making, 
thus highlighting non-HDL-c as a crucial focus for therapeutic 
purposes.47

Non-HDL-c yields several distinct advantages as a lipid parameter. 
Primarily, it boasts a well-defined pathophysiological connection 
to the development of atherosclerosis, rendering it instrumental 
in comprehending the underlying disease mechanism. Moreover, 
non-HDL-c outperforms other commonly used lipid tests when it 
comes to predicting both subclinical atherosclerosis and adverse 
clinical outcomes, solidifying its position as a more reliable 
indicator of cardiovascular risk. Notably, Non-HDL-c remains 
unaffected by fluctuations in laboratory conditions, ensuring 
consistent and accurate results. Moreover, the calculation of 
non-HDL-c can be swiftly performed using standard lipid 
panels without incurring additional costs, and its assessment 
necessitates no special patient preparation, as it can be accurately 
measured from non-fasting samples. Additionally, its importance 
is already acknowledged within national cholesterol treatment 
guidelines, including the Adult Treatment Panel III (ATP III) of 
the National Cholesterol Education Programme (NCEP) and the 
American Diabetes Association/American College of Cardiology 

(ADA/ACC). Lastly, the management of non-HDL-c can be 
effectively undertaken with readily available lipid-lowering 
medications. Incorporating regular reporting of non-HDL-c has 
the capacity to greatly improve patient outcomes by enhancing 
the identification of cardiovascular risk, providing guidance for 
treatment decisions, and simplifying the monitoring of treatment 
effectiveness.47

Guidelines for Non-high-density-lipoprotein 
Cholesterol Levels

When plasma TG concentrations surpass 500 mg/dL, the primary 
treatment focus is on TG management to avoid pancreatitis. 
The emphasis on lowering LDL-c becomes relevant only after 
TG levels attain 500 mg/dL. In scenarios where TG plasma 
concentrations persist in the elevated range (ranging from 200 
to 499 mg/dL), an intervention strategy incorporating lifestyle 
modifications and/or the utilization of hydroxy-3-methylglutaryl 
(HMG-CoA) coenzyme reductase inhibitors, commonly known 
as statins, can be employed. Statins, such as HMG-CoA Q10, 
function by inhibiting reductase. This class of medication serves 
as an adjunct to therapy by effectively reducing non-HDL-c 
levels. It's noteworthy that non-HDL-c targets are established to 
be 30 mg/dL higher than LDL-c targets, as indicated in Figure 2.17

When statin therapy fails to reach the desired non-HDL-c targets, 
healthcare providers may contemplate the addition of fibric 
acid or niacin supplements. Specifically, vitamin B3 (niacin) is 
recommended to significantly lower non-HDL-c levels, even in 
scenarios where LDL-c levels are not elevated. As another option, 
the National Cholesterol Education Program (NCEP) Adult 
Treatment Panel (ATP)-III recommends considering omega-3 
fatty acids as a substitute for niacin or fibric acids.17 Omega-3 
fatty acids are effective agents for reducing TG levels and have 
demonstrated therapeutic merits in myocardial infarction, 
alongside antithrombotic and anti-inflammatory properties.49 
In clinical practice, the co-administration of omega-3 fatty 
acids with simvastatin has demonstrated enhanced effectiveness 
in reducing non-HDL cholesterol (non-HDL-c) levels and 
additional lipid and lipoprotein indicators when compared to the 
use of simvastatin alone.50

As per the NCEP ATP III recommendations, non-HDL-c 
assumes a secondary target of therapy for individuals with TG 
levels ranging from 200 to 499 mg/dL. This additional focus on 
non-HDL-c aligns with the primary objective of reducing LDL-c 
levels. Considering that a typical VLDL-c level is approximately 
30 mg/dL, the treatment objective for non-HDL-c is set to be 
30 mg/dL higher than the LDL-c target. In accordance with this 
guideline, individuals classified as being at an extremely high 
risk are advised to achieve LDL-c levels of 70 mg/dL. Conversely, 
individuals not deemed at very high risk are not mandated to 
strive for the optional target of 70 mg/dL for LDL-c.17,51
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Non-high-density-lipoprotein Cholesterol as a 
Biomarker for Cardiovascular Disease

Non-high-density-lipoprotein cholesterol has gained recognition 
as an alternative and more effective biomarker for addressing 
CAD risk, owing to its unique benefits in comparison to 
LDL-c. The atherogenic fraction of non-HDL-c encompasses 
chylomicrons, Lp(a), and their derivatives, including IDL, VLDL, 
and LDL, making it a comprehensive reflection of atherogenic 
lipoproteins.52 Through the subtraction of estimated HDL-c 
from the TC level, non-HDL-c can be independently calculated, 
yielding a TC measurement that excludes the HDL-c component. 
Contemporary lipid profile analysis and cardiovascular event 
prediction should encompass biomarkers that fully capture the 
contribution of all plasma lipid components implicated in the 
development of atherosclerosis. Non-HDL-c encompasses the 
total cholesterol content found in all lipoproteins except HDL, 
which includes chylomicrons, VLDL, IDL, LDL, and Lp(a).53

The calculation of non-HDL-c concentration employs a 
straightforward equation:

Non-HDL-c = TC – HDL-c

Other lipid components such as LDL-c and VLDL-c can be 
calculated using the Friedewald method:54

LDL-c = TC – (HDL-c + TG/5)

VLDL-c = TG level/5

Despite the pivotal role that non-HDL-c plays in assessing 
plaque development and cardiac disease, its utilization remains 
relatively understated. However, it's noteworthy that both the 
American and European Cardiological Societies underscore 
the significance of this parameter. According to NCEP ATP III 
guidelines, it is suggested that non-HDL-c levels should typically 
be approximately 30 mg/dL higher than LDL-c levels. The routine 
calculation of non-HDL-c in lipid panels is advised, and it is 

regarded as a secondary treatment target for CVD therapy in 
individuals with hyperlipidemia. This complements the primary 
emphasis on LDL-c.55

Predicting Cardiovascular Risk with Non-high-
density Lipoprotein Cholesterol

Non-high-density lipoprotein cholesterol (non-HDL-c) exhibits 
superior predictive capabilities for cardiovascular events 
compared to LDL-c. This is emphasized by evidence from various 
population-based studies.

As an example, in 2001 research conducted by Cui and 
colleagues, which included a 20-year follow-up of participants 
in the Lipid Research Clinics Program Follow-up Investigation, 
it was found that non-HDL-c exhibited a stronger predictive 
value for cardiovascular-related deaths compared to LDL-c. In 
this study, which involved 2,406 men and 2,056 women with 
coronary disease, a fixed 30% increase in non-HDL-c was notably 
associated with statistically significant cardiovascular mortality, 
whereas an increase of 15% and 8% in LDL-c, respectively, did 
not show a similar connection.38

In the year 2003, a study conducted by Lu and colleagues 
examined a group of 4,549 individuals with diabetes who were 
part of the Strong Heart Study. The findings of this study revealed 
that the hazard ratios in the top tertile for non-HDL lipoproteins 
were higher than those for triglycerides, LDL-c, and the total 
HDL-c ratio in both genders. Importantly, this predictive trend 
remained consistent across a range of TG concentrations.56

In a crucial study conducted by Ridker and colleagues in 2005, 
an analysis was conducted among initially healthy participants 
from the Women’s Health Study. This analysis compared 
conventional cholesterol measurements, non-HDL-c, and specific 
apolipoprotein. It was observed that individuals in the extreme 
quintiles of non-HDL-c showed superior predictive performance 
compared to other single lipid measures and were on par with 
ApoB. In contrast, the top quartile of LDL-c displayed a less 
pronounced predictive value.57

Moreover, recent research conducted within the Framingham 
Cohort Study reaffirms the significance of non-HDL-c. In the 
study by Lui and colleagues, it was observed that even after 
making multiple adjustments, there was no remaining link 
between LDL-c and CVD risk once non-HDL-c was taken into 
account. However, a robust and positive association between 
non-HDL-c and CHD risk remained evident.39

In 2008, Orakzai and colleagues conducted a study involving 1,611 
consecutive asymptomatic individuals. Their findings revealed 
that, in the absence of calcium, the statistical significance of the 
association between non-HDL-c and the presence of coronary 
artery calcium persisted. These results emphasize that non-HDL-c 
serves as a strong predictor of coronary atherosclerosis, as 
assessed through coronary artery calcium measurements.58

Figure 2: Target Cholesterol Levels for Different Risk Categories in 
Patients*.17,51
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Studies increasingly suggest that total LDL particle levels may 
better predict cardiovascular risk than LDL-c levels.59 Statins 
primarily reduces LDL-c while having little effect on particle 
size. Therefore, residual risk following cholesterol reduction 
may not be adequately captured by LDL-c testing alone. ApoB 
present in all atherogenic lipoprotein particles and every LDL 
particle, regardless of size, is emerging as a potential superior 
predictor of ongoing cardiovascular risk after statin-induced lipid 
reduction.31,60

As a result, non-HDL-c testing, which includes all lipoproteins, 
including ApoB, continues to be the preferred option for general 
use.

DISCUSSION AND FUTURE DIRECTIONS

Our results emphasize the importance of non-HDL-c in addressing 
lipid disorders, particularly among young individuals who 
have underlying obesity conditions.61 Individuals with elevated 
levels of non-HDL-c, exceeding 123 mg/dL, demonstrated 
significant elevations in serum TC, LDL-c, TG, the TC:HDL-c 
ratio, the TG:HDL-c ratio, and a decrease in HDL-c levels. The 
influence of increased TG levels on LDL-c, as demonstrated by 
the Friedewald formula, highlights the relevance of non-HDL-c 
in predicting CVD risk and atherosclerosis development in 
individuals with dyslipidemia.62 This is particularly pertinent 
in conditions like diabetes and obesity, where elevated TG 
levels contribute to increased LDL-c and reduced HDL-c levels. 
Several investigations, including the Copenhagen City Heart 
Study, the Health Professionals Follow-up Study, and Safari, have 
consistently shown that non-HDL-c is more strongly correlated 
with ApoB than LDL-c, strengthening its importance as a risk 
factor. As a diagnostic marker, HDL-c exhibits diagnostic value 
comparable to or even surpassing that of ApoB.10,63,64

Non-HDL-c plays a crucial role in assessing and managing CVD 
risk in individuals undergoing pharmacological treatment for 
lipid-related issues. A comprehensive evidence-based assessment 
of lipid-lowering medications revealed a nearly equal ratio 
of reduction in non-HDL-c to reduction in CHD risk with 
lipid-modifying agents.65 Therefore, emphasis should be placed 
on reducing both LDL-c and non-HDL-c in the prevention 
and treatment of CVD. Existing clinical evidence corroborates 
the relationship between non-HDL-c levels and atherosclerosis 
imaging techniques. Orakzai et al. explored the association 
between blood lipid levels and coronary artery calcification, an 
early marker of subclinical atherosclerosis. This further highlights 
the importance of non-HDL-c in evaluating and managing CVD 
risk in patients receiving pharmacological lipid therapy. The 
evidence emphasizes that a dual focus on LDL-c and non-HDL-c 
is crucial for optimizing cardiovascular risk reduction.58

Looking ahead, non-HDL-c's role is expected to expand in 
cardiovascular risk assessment and management. Advances 

in clinical research, coupled with growing awareness of the 
limitations of traditional lipid measurements, are likely to drive its 
adoption into routine clinical practice. As non-HDL-c emerges as 
a more comprehensive marker of atherogenic lipoproteins, efforts 
should be directed toward integrating it into clinical guidelines 
and treatment strategies. Incorporating non-HDL-c as a primary 
target in therapy decisions and risk assessment has the potential 
to enhance patient outcomes by enabling more accurate risk 
stratification and informed treatment choices. Moreover, ongoing 
research exploring the nuances of non-HDL-c in different 
populations and clinical scenarios will further refine its utility 
and impact on cardiovascular care.

CONCLUSION

This review has discussed the evolution of lipid assessment and 
the pivotal role of non-HDL-c in cardiovascular risk assessment. 
Non-HDL-c has emerged as a superior and more reliable 
biomarker compared to traditional LDL-c in the evaluation of 
CAD risk.

The limitations of LDL-c, stemming from the Friedewald equation 
and its inability to account for the full spectrum of atherogenic 
lipoproteins, have necessitated the adoption of alternative lipid 
markers. Non-HDL-c, calculated as TC minus HDL-c, addresses 
these limitations by encompassing all cholesterol-containing 
atherogenic lipoproteins, including TG-rich lipoproteins. 
This inclusivity provides a more accurate reflection of the true 
atherogenic burden within the cardiovascular system.

Non-HDL-c's clinical utility extends beyond its superior predictive 
power. It offers a deeper understanding of athero sclerosis's 
pathophysiology, making it an invaluable tool for comprehending 
the disease process. This is particularly important in populations 
at risk of hypertriglyceridemia, such as those with obesity, insulin 
resistance, metabolic syndrome, and T2DM, where non-HDL-c 
outperforms LDL-c by capturing the full scope of atherogenic 
lipoproteins.

Furthermore, non-HDL-c aligns with evolving guidelines 
that emphasize the use of non-fasting samples, making it a 
patient-friendly approach that expedites treatment decisions. 
Its consistency across diverse laboratory conditions and ease 
of calculation using standard lipid panels contribute to its 
practicality in clinical settings.

As we continue to deepen our understanding of lipoprotein 
metabolism and its intricate connection to CVD, non-HDL-c 
stands as a critical and indispensable biomarker. Its routine 
inclusion in lipid panels and its incorporation into cardiovascular 
risk assessment guidelines are essential steps toward improving 
patient outcomes, guiding treatment decisions, and advancing 
our collective efforts in the fight against heart disease.

In conclusion, non-HDL-c represents a paradigm shift in 
cardiovascular risk assessment—a shift that not only improves the 
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accuracy of risk prediction but also enhances our understanding 
of the underlying mechanisms of CAD. Its adoption is pivotal in 
the quest for more effective strategies to prevent and manage this 
leading cause of morbidity and mortality worldwide.
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Revascularization Investigation; CAD: Coronary artery 
disease; CHD: Coronary heart disease; CVD: Cardiovascular 
disease; HDL-c: High-density lipoprotein cholesterol; HMG: 
Hydroxy-3-methylglutaryl coenzyme; IDL: Intermediate-density 
lipoproteins; LDL: Low-density lipoprotein; LDL-c: Low-density 
lipoprotein cholesterol; Lp(a): Lipoprotein(a); mg/dL: Milligrams 
per deciliter; NCEP: National Cholesterol Education Program; 
non-HDL-c: Non-high-density lipoprotein cholesterol; TC: Total 
cholesterol; TG: Triglycerides; T2DM: Type 2 diabetes mellitus; 
VLDL: Very low-density lipoproteins; VLDL-c: Very low-density 
lipoprotein cholesterol; WHO: World Health Organization.

SUMMARY

Cardiovascular disease remains a global health challenge, with 
dyslipidemia playing a significant role in its development. The 
conventional assessment of CVD risk primarily focused on LDL-c. 
However, recent advancements have highlighted the limitations 
of this approach. This comprehensive review emphasizes the 
importance of non-HDL-c as a superior biomarker for assessing 
CVD risk.

Non-HDL-c encompasses all atherogenic lipoproteins, offering 
a more accurate reflection of the atherogenic burden within the 
cardiovascular system. It overcomes the limitations of LDL-c, 
such as the Friedewald equation's accuracy issues, particularly 
in cases of hypertriglyceridemia. Non-HDL-c also provides a 
deeper understanding of atherosclerosis pathophysiology and 
its connection to conditions like obesity, insulin resistance, 
metabolic syndrome, and T2DM.

This review underscores the practicality of non-HDL-c, as it can 
be measured from non-fasting samples and remains consistent 
across various laboratory conditions. It aligns with evolving 
guidelines and complements LDL-c as a secondary treatment 
target for CVD therapy. Studies show that non-HDL-c offers 

superior predictive capabilities for cardiovascular events 
compared to LDL-c.

Further, we concluded that non-HDL-c represents a paradigm 
shift in cardiovascular risk assessment, offering more accurate 
risk prediction and a deeper understanding of CAD mechanisms. 
Its routine inclusion in lipid panels and integration into risk 
assessment guidelines are essential steps toward improving 
patient outcomes and advancing CVD management strategies.
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