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Abstract: Statins, ezetimibe, and PCSK9 inhibitors have enabled LDL-cholesterol to be lowered to levels previously 
thought very hard to achieve. However, even after achieving low levels, some patients continued to have cardiovas-
cular events, a phenomenon known as residual cardiovascular risk. This phenomenon indicates the complexity of 
atherosclerosis, not limited to a simple LDL-driven process. Vascular inflammation persists even in the presence of 
well-controlled lipids and is largely mediated by the NLRP3-interleukin-1β-interleukin-6 signaling pathway, which 
has been shown to be a viable therapeutic target in the CANTOS, COLCOT, and LoDoCo2 trials. Triglyceride-rich lipo-
proteins and remnant cholesterol accumulate in the arterial intima and drive atherogenesis independent of LDL-C, 
with icosapent ethyl showing meaningful cardiovascular benefit in the REDUCE-IT trial. Apolipoprotein B reflects the 
true number of circulating atherogenic particles that LDL-C alone fails to identify, especially in patients with meta-
bolic disease. Lipoprotein(a) is an inherited risk factor that statins barely affect, and it carries a well-established 
association with myocardial infarction, stroke, and aortic stenosis; RNA-based therapies targeting it are now in late-
stage trials. The 2026 ACC/AHA Dyslipidemia Guideline now carries a Class I recommendation for universal Lp(a) 
measurement at least once in all adults. Impaired HDL function, insulin resistance, and a prothrombotic environ-
ment provide further risk. GLP-1 receptor agonists and SGLT2 inhibitors have emerged as important contributors 
to residual cardiovascular risk reduction in patients with metabolic dysfunction, showing consistent cardiovascular 
benefit on top of their background of statin therapy, with mechanisms that extend far beyond glycemic control. Coro-
nary imaging, such as coronary calcium scoring and coronary CT angiography, can identify high-risk plaque features 
that persist despite aggressive lipid-lowering. Taken together, these findings make the case that LDL-C treatment is 
important but incomplete. A more comprehensive approach is required to meaningfully reduce the residual risk, one 
that considers apoB, remnant cholesterol, inflammation, lipoprotein(a), and metabolic risk.
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Introduction

Reduction of low-density lipoprotein cholester-
ol (LDL-C) is the basic principle of atheroscle-
rotic cardiovascular disease (ASCVD) preven-
tion. Evidence from large trials demonstrates a 
proportional, log-linear relationship exists be- 
tween the magnitude of LDL-C reduction and 
cardiovascular events across various patient 
populations [1, 2]. This association is consis-
tent regardless of how LDL-C was reduced, 
supporting LDL-C as a primary causal driver of 
atherosclerosis rather than only a risk marker.

The pathophysiological basis of this associa-
tion begins with the retention of ApoB-con- 

taining lipoproteins in the arterial intima. This 
trapping will trigger a cascade of events, re- 
sulting in endothelial dysfunction, immune acti-
vation, and, ultimately, chronic inflammation. 
These events lead to the formation and desta-
bilization of atherosclerotic plaque [3, 4]. Even 
at relatively modest concentrations, LDL-C par-
ticles cross the arterial wall and accumulate 
within it. The long-term risk of coronary artery 
disease has been shown to be determined by 
the cumulative LDL-C exposure over a lifetime 
[5].

Given the importance of lowering LDL-C, se- 
veral therapeutic strategies have been identi-
fied to reduce it effectively. Statins, HMG-CoA 
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reductase inhibitors, lower LDL by decreasing 
hepatic LDL-C production and upregulating 
hepatic LDL receptors. Moderate to high-inten-
sity statins are the cornerstone of treatment.  
In cases where statins alone are not enough, 
ezetimibe can be used to block cholesterol 
absorption in the intestines. This has been 
shown in the IMPROVE-IT trial, in which adding 
ezetimibe to statin therapy resulted in further 
reductions in cardiovascular events compared 
with statin therapy alone [6]. For patients who 
continue to be at high risk despite maximum 
doses of statin and ezetimibe, PCSK9 inhibi- 
tors are a potential additional option. These 
agents block proprotein convertase subtilisin/
kexin type 9, which is responsible for LDL re- 
ceptor degradation and therefore markedly 
increases LDL-C clearance. The FOURIER trial 
demonstrated that evolocumab reduced LDL-C 
by approximately 59% and significantly decre- 
ased the risk of major adverse cardiovascular 
events [7], while the ODYSSEY OUTCOMES trial 
demonstrated similar benefits with alirocumab 
after acute coronary syndromes [8].

Even with this progress, cardiovascular events 
continued to occur at a high event rate in  
people who already achieved guideline-recom-
mended targets for LDL-cholesterol [9]. Even in 
some high-risk patients treated with statins, 
with LDL-C reduced to less than 70 mg/dL, 
event rates remained significant, particularly in 
secondary prevention populations [6-8, 10]. 
Meta-analyses have confirmed that although 
the greater the LDL-C lowering, the greater the 
risk reduction, a significant residual risk re- 
mains even at the lowest achieved LDL-C le- 
vels [2, 11]. Therefore, the concept of residual 
cardiovascular risk has emerged and is defin- 
ed as the residual risk of ASCVD events that 
remain after optimal LDL-C control [12], reflect-
ing the complex, multifactorial biology of ath-
erosclerosis. It also highlights that atheroscle-
rosis is associated with both lipid- and non- 
lipid-related mechanisms, which are not fully 
captured by LDL-C measurement alone [12, 
13]. Subsequent studies suggest that resi- 
dual inflammation, triglyceride-rich lipoproteins 
(TRLs) and remnant cholesterol, apolipoprotein 
B (apoB) particle burden, lipoprotein(a) [Lp(a)], 
metabolic dysfunction, and thrombotic path-
ways are important contributors to ongoing  
cardiovascular risk [13-16] (Table 1).

In addition to LDL cholesterol buildup, the ath-
erosclerosis process is now recognized as a 
chronic inflammatory and thrombotic disease 
involving complex interactions among lipopro-
tein retention, endothelial dysfunction, immu- 
ne activation, and plaque instability [3, 4]. An 
important point to note is that even after LDL-C 
is brought into the desired range, cholesterol 
crystals and modified apoB-containing lipopro-
teins can persist within the arterial wall, caus-
ing local inflammation, sustained macrophage 
signaling [17], and plaque instability [3, 17, 18]. 
Although LDL-C reduction stabilizes plaque, it 
does not eliminate cardiovascular events [6-8, 
18]. These findings support a broader patho-
physiological model in which residual cardio-
vascular risk is driven by ongoing arterial wall 
pathology rather than circulating lipid levels 
alone [3].

Therefore, this review summarizes the eviden- 
ce supporting persistent cardiovascular risk 
despite LDL-C control and discusses the do- 
minant biological mechanisms contributing to 
residual risk.

Residual inflammatory risk

Inflammatory signaling plays a central role in 
both plaque development and destabilization. 
A well-recognized marker of vascular inflamma-
tion is high-sensitivity C-reactive protein (hs-
CRP). Elevated hs-CRP identifies patients at 
increased risk even when LDL-C is well con-
trolled [19].

Observational studies have demonstrated that 
patients with controlled LDL-C and elevated 
inflammatory markers experience higher event 
rates than those with both low LDL-C and low 
inflammatory burden [20].

Residual inflammatory risk is largely driven by 
activation of the NLRP3 inflammasome and 
subsequent interleukin-1β signaling, leading to 
interleukin-6 production and hepatic C-reactive 
protein synthesis [4, 21]. This chronic inflam-
matory signaling favors macrophage foam cell 
formation, weakens the fibrous cap of athero-
sclerotic plaques, and predisposes to athero-
sclerotic plaque rupture and acute thrombosis, 
the final common pathway of most acute coro-
nary syndromes [4, 21].
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Table 1. Residual cardiovascular risk pathways beyond LDL-cholesterol control
Residual Risk Pathway Key Biomarker (s) Pathophysiologic Role Therapeutic Strategies (Key Evidence) Key Limitations
ApoB Particle Burden ApoB, non-HDL-C Total atherogenic particle 

number; superior risk marker vs 
LDL-C

Statins ± Ezetimibe ± PCSK9 Inhibitors 
(IMPROVE-IT, FOURIER, ODYSSEY); apoB-guided 
risk assessment

Residual risk persists; trials 
target LDL-C, not apoB

TRLs & Remnant 
Cholesterol

Triglycerides, rem-
nant cholesterol

Arterial wall penetration, inflam-
mation, plaque progression

Icosapent ethyl (REDUCE-IT); TRL-targeted 
therapy

Benefit agent-specific; no 
benefit with mixed omega-3 or 
niacin

HDL Dysfunction HDL-C, efflux 
capacity

Impaired cholesterol efflux and 
anti-inflammatory function

No direct therapies; address upstream risk 
factors

Raising HDL-C ineffective; no 
therapies improve HDL function

Residual Inflammatory 
Risk

hs-CRP Chronic inflammation drives 
plaque instability and thrombosis

Statins (JUPITER); IL-1β inhibition (CANTOS); 
colchicine (COLCOT, LoDoCo2)

Infection risk (canakinumab); 
colchicine intolerance; metho-
trexate ineffective

Lipoprotein(a) Lp(a) Genetic apoB lipoprotein promot-
ing atherothrombosis

Lifetime screening; emerging antisense/siRNA 
therapies

Outcome benefit unproven; 
modest PCSK9 effect

Metabolic Dysfunction Insulin resistance, 
diabetes, obesity

↑ apoB production, inflammation, 
prothrombotic state

Lifestyle + cardiometabolic risk reduction; GLP-1 
receptor agonists (Galli et al.); SGLT2 inhibitors; 
combination GLP-1 RA + SGLT2 (Neuen et al.)

Multifactorial; outcome data 
for combination therapy still 
emerging

This table summarizes the major pathways contributing to residual cardiovascular risk despite optimal LDL-cholesterol lowering, including key biomarkers, pathophysiologic mecha-
nisms, therapeutic strategies with supporting trial evidence, and current limitations of each approach.
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Although LDL-C-lowering therapies may indi-
rectly reduce inflammation, many patients have 
persistently elevated inflammatory markers 
despite intensive lipid control. This discordan- 
ce between lipid and inflammatory pathways 
explains why hs-CRP remains a powerful pre-
dictor of recurrent cardiovascular events re- 
gardless of achieved LDL-C levels. These find-
ings further support the concept that residual 
inflammatory risk constitutes a distinct thera-
peutic target in ASCVD prevention [21].

The JUPITER trial demonstrated that statin 
therapy in patients with normal LDL cholesterol 
but elevated hs-CRP levels significantly reduc- 
ed cardiovascular events, with a 44% reduc- 
tion in major cardiovascular events and a 47% 
reduction in the composite of cardiovascular 
death, myocardial infarction, and stroke [22]. 
This trial highlights inflammation as a targeta-
ble factor that can reduce cardiovascular risk.

The CANTOS trial provided clearer evidence 
that inflammation continues to drive cardiovas-
cular risk. This study used canakinumab, an 
interleukin-1β inhibitor, as an anti-inflammato-
ry. The trial demonstrated a reduction in recur-
rent cardiovascular events without affecting 
lipid levels, with a 15% reduction in major ad- 
verse cardiovascular events (HR 0.85) and a 
37% reduction in hs-CRP levels [23].

Additional trials, such as COLCOT and LoDoCo2, 
were conducted for further anti-inflammatory 
therapy evaluation. These trials used low-dose 
colchicine. The results suggested a limited but 
significant reduction in cardiovascular events 
when colchicine was added to standard care, 
with COLCOT demonstrating a 23% reduction  
in cardiovascular events (HR 0.77) [24] and 
LoDoCo2 demonstrating a 31% reduction (HR 
0.69) [25].

There are multiple limitations for residual in- 
flammatory risk management. In the CANTOS 
trial, canakinumab was associated with an 
increased risk of fatal infections, limiting its 
clinical applicability [23]. Additionally, low-dose 
colchicine, although effective in COLCOT and 
LoDoCo2, gastrointestinal intolerance, drug-
drug interactions, and concerns regarding long-
term safety remain, particularly in patients with 
renal dysfunction [24, 25]. While low-dose 
methotrexate was ineffective, demonstrating 

that not all anti-inflammatory strategies are 
effective [26].

Triglyceride-rich lipoproteins and remnant 
cholesterol

Triglyceride-rich lipoproteins (TRLs) and their 
remnants are gaining recognition as factors 
that promote atherosclerosis and increase car-
diovascular risk. The cholesterol content of 
partially metabolized very low-density lipopro-
teins and chylomicron remnants, referred to  
as remnant cholesterol, is retained within the 
arterial intima, where they promote local in- 
flammatory activation [27]. Once retained in 
the intima, these remnants are phagocytized by 
macrophages, favoring the formation of foam 
cells, persistent endothelial dysfunction, and 
progressive plaque growth, which increases 
the probability of plaque vulnerability and th- 
rombotic occlusion over time [27, 28].

A strong association between remnant choles-
terol and ASCVD risk, independent of LDL-C, 
was demonstrated in both genetic and epide-
miological studies [28].

These particles are often missed by LDL-C  
measurements, especially in patients with met-
abolic disease or high triglycerides.

The REDUCE-IT trial showed that patients who 
were treated with a statin and had high triglyc-
eride levels and were treated with icosapent 
ethyl (pure EPA) resulted in a significant reduc-
tion in cardiovascular events, with a 25% re- 
duction in major cardiovascular events (HR 
0.75) and an absolute risk reduction of 4.8% 
[29]. However, no cardiovascular benefit was 
seen with other triglyceride-lowering strate-
gies, as seen in the STRENGTH and AIM-HIGH 
trials, where STRENGTH showed no significant 
reduction (HR 0.99) and AIM-HIGH was stopp- 
ed early due to lack of cardiovascular benefit 
(HR 1.02) [30, 31].

For further discussion, in the REDUCE-IT trial, 
as described above, the use of high-dose icos-
apent (pure EPA) was associated with signifi-
cant clinical benefit, thought to be due to anti-
inflammatory effects and mechanisms of pla- 
que and membrane stabilization, regardless  
of triglyceride reduction. However, studies of 
mixed omega-3 fatty acids or niacin failed to 
demonstrate benefit, highlighting the impor-
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tance of qualitative differences in lipid biology 
and downstream inflammatory signaling as a 
main determinant of risk. These results high-
light that remnant cholesterol-related risk is 
complex and not solely related to lowering tri-
glycerides alone [32].

There are several limitations to triglyceride-  
and remnant cholesterol-lowering therapies. 
As discussed, clinical trials of triglyceride-low-
ering agents have shown mixed results. While 
the REDUCE-IT trial demonstrated cardiovas- 
cular benefit with a 25% relative risk reduction 
[29], other trials such as STRENGTH and AIM-
HIGH did not show similar reductions in cardio-
vascular events [30, 31].

The role of apolipoprotein B in residual lipid 
risk

ApoB represents the total number of circulat-
ing atherogenic particles, including LDL, inter-
mediate-density lipoproteins, TRLs, and lipo- 
protein(a). Because every atherogenic lipopro-
tein carries apolipoprotein B, the apoB level 
reflects how many atherogenic particles are cir-
culating in the blood [33]. The higher the num-
ber of circulating apoB-containing particles, the 
more likely they are to be retained in the intima 
and deposited in the subendothelium, trigger-
ing the inflammatory cascade and leading to 
plaque formation, growth, and subsequently, 
rupture [33, 34].

Compared to LDL-C, LDL-C only measures the 
amount of cholesterol within these particles, 
not how many particles are present. Multiple 
cohort studies have demonstrated that apoB is 
more closely linked to ASCVD risk than LDL-C, 
especially in patients receiving statin therapy, 
with up to 30% of high-risk patients misclassi-
fied by LDL-C alone [34].

Studies of lipid discordance demonstrate that 
even when LDL-C is low, elevated apoB is as- 
sociated with higher cardiovascular risk, with 
cardiovascular risk remaining elevated by app- 
roximately 35% compared to those with con- 
cordantly low levels, indicating that LDL-C may 
miss ongoing atherogenic risk in some meta-
bolic states [35].

Further Mendelian randomization studies also 
showed a direct causal relationship between 
apoB-containing lipoproteins and ASCVD, inde-

pendent of cholesterol levels, with each 1 
mmol/L reduction in apoB-containing lipopro-
teins associated with approximately 54% lower 
coronary heart disease risk [5].

These results suggest that ApoB is an impor-
tant contributor to residual cardiovascular risk 
and can help identify patients who remain at 
risk. Therefore, several up-to-date guidelines 
consider apoB as a secondary treatment tar-
get. Especially in patients with diabetes, obesi-
ty, or hypertriglyceridemia [36].

LDL-C and apoB dissociation are common in 
insulin resistance, obesity, and hypertriglyceri-
demia. In these patients, LDL particles conta- 
in less cholesterol but remain numerically ele-
vated. Therefore, apoB-based risk assessment 
can improve the identification of patients who 
may benefit from further lipid-lowering therapy 
regardless of meeting LDL-C desired goals. As  
a result, apoB has gained increasing recom-
mendation as an adjunct or alternative thera-
peutic target in preventive strategies [37].

Multiple limitations were identified for ApoB-
targeted strategies. Key limitations were that 
most randomized outcome trials have used 
LDL-C rather than apoB as the treatment tar-
get, limiting direct evidence for apoB-guided 
therapeutic strategies [1, 2, 6]. Persistent car-
diovascular events despite intensive therapy 
were noted in PCSK9 inhibitor outcome trials 
[7-9].

Lipoprotein(a)

Lipoprotein(a) is an inherited lipoprotein made 
up of an LDL-like particle bound to apolipopro- 
tein(a) [16]. This elevated Lp(a) is associated 
with an increased risk of ASCVD, regardless of 
LDL-C. Elevated levels of Lp(a) are associated 
with a higher risk of myocardial infarction, 
stroke, and aortic stenosis, with Lp(a) above  
50 mg/dL associated with approximately a 
2-fold increased risk of myocardial infarction 
and stroke [38]. Multiple mechanisms to pro-
mote atherosclerosis were identified, including 
the Lp(a) LDL-like core, which causes intimal 
retention, a prothrombotic state due to plas-
minogen activation inhibition, and the direct 
promotion of vascular inflammation and calcifi-
cation [16, 38]. Levels of Lp(a) are minimally 
affected when treated with statins [16].
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As a result, Lp(a) represents an important fac-
tor in the residual risk of ASCVD even in pa- 
tients who have reached the desired levels of 
LDL-cholesterol.

The recent developments in antisense oligo-
nucleotide and small interfering RNA thera- 
pies, including pelacarsen and olpasiran, have 
shown markedly reduced levels of Lp(a), with 
pelacarsen reducing Lp(a) by approximately 
80% and olpasiran by greater than 90% in 
phase 2 trials [39, 40]. However, ongoing clini-
cal trials’ outcomes are needed to clarify 
whether reducing Lp(a) levels decreases the 
number of cardiovascular events.

Given the lifelong stability of Lp(a) levels, and 
as it is minimally affected by lifestyle or statin 
therapy, a single lifetime measurement may be 
adequate to screen for high-risk individuals. 
Incorporating Lp(a) assessment into routine 
cardiovascular risk evaluation may improve de- 
tection of residual inherited risk that can be 
missed by standard lipid testing [41].

Several limitations of therapeutic strategies 
were identified. Firstly, no definitive evidence 
that lowering Lp(a) reduces cardiovascular 
events is currently available. Secondly, as dis-
cussed, antisense oligonucleotide and siRNA 
therapies markedly reduce Lp(a) levels [39, 
40]. However, ongoing outcome trials are re- 
quired to confirm clinical benefit. Also, treat-
ment with a PCSK9 inhibitor results in only a 
modest reduction in Lp(a), of approximately 
20-25%. It remains unclear whether this de- 
gree of reduction contributes significantly to 
observed event reductions [7, 8, 39].

HDL dysfunction as a contributor to residual 
cardiovascular risk

Many pharmacological strategies aim to de- 
crease cardiovascular risks and events by 
increasing HDL-C. However, these strategies 
failed to reduce cardiovascular events. Niacin 
raised HDL-C by 25% in the AIM-HIGH trial with 
no cardiovascular benefit [31]. Torcetrapib, a 
CETP inhibitor, raised HDL-C by 72% in the 
ILLUMINATE trial but increased cardiovascu- 
lar mortality [42]. Dalcetrapib raised HDL-C by 
30% in dal-OUTCOMES without cardiovascular 
benefit [43]. Emerging data suggest that HDL 
function is more important than HDL-C con- 
centration. Cholesterol efflux capacity, which 

reflects HDL-mediated cholesterol removal 
from macrophages, has been shown to predict 
cardiovascular outcomes, regardless of HDL-C 
concentrations, with each 1-standard-deviation 
increase in efflux capacity associated with 
approximately a 67% lower risk of cardiovas- 
cular events, independent of HDL-C. When 
impaired, macrophages within the arterial wall 
accumulate excess cholesterol, accelerating 
foam cell formation, sustaining local inflamma-
tion, and promoting plaque growth and instabil-
ity [44]. Therefore, impaired HDL function may 
play a role in the residual cardiovascular risk 
despite optimal LDL-C lowering, demonstrating 
the need for qualitative assessment of lipopro-
teins [44].

There are limitations to using medications that 
raise HDL-C, as increasing HDL-C levels has not 
been successful in reducing cardiovascular 
events, limiting HDL-C’s usefulness as a treat-
ment target. Although HDL cholesterol efflux 
capacity is associated with cardiovascular out-
comes, there are currently no approved thera-
pies that specifically improve HDL function, lim-
iting its use in clinical practice [44].

Metabolic dysfunction and thrombotic suscep-
tibility

Metabolic dysfunction, including Type 2 diabe-
tes mellitus, obesity, and insulin resistance, 
contributes to ongoing cardiovascular risk by 
increasing the production of apoB-containing 
lipoproteins. These will enhance inflammatory 
signals, endothelial dysfunction, and prothrom-
botic states [45]. Insulin resistance also de- 
creases endothelial synthesis of nitric oxide, 
increases a hypercoagulable state, and incre- 
ases vascular inflammation, all factors that 
contribute to an environment favoring plaque 
progression and a higher probability of acute 
thrombotic events [45].

Moreover, blood clot formation and plaque 
instability play a major role in causing clinical 
events. Imaging studies suggest that high-risk 
plaque features and a tendency toward throm-
bosis can persist even with intensive lipid-low-
ering therapy, with approximately 20-25% of 
statin-treated patients retaining high-risk pla- 
que features on imaging despite LDL-C control, 
which may explain why some patients continue 
to have recurrent events [46].
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GLP-1 receptor agonists and SGLT2 inhibitors 
have been recognized as important contribu-
tors in the reduction of residual cardiovascular 
risk in patients with metabolic dysfunction. One 
of the largest meta-analyses to date, encom-
passing 21 RCTs and 99,599 patients, showed 
that GLP-1 RAs decreased all-cause death by 
12% (IRR 0.88; 95% CI 0.84-0.92), cardiovas-
cular death by 13% (IRR 0.87; 95% CI 0.81-
0.92), and MACE by 13% (IRR 0.87; 95% CI 
0.83-0.91), with an NNT of only 66 for MACE 
prevention over a mean follow-up of 2.4 years 
[47]. Importantly, in most participants, these 
benefits were observed in the context of statin 
therapy, thus addressing precisely the residual 
risk that persists after LDL-C optimization. The 
cardiovascular benefits of these agents go far 
beyond glycemic control and operate through 
mechanisms that intersect directly with the 
residual risk pathways discussed in this re- 
view. GLP-1 RAs reduce hsCRP and IL-6 levels, 
enhance endothelial function by increasing ni- 
tric oxide production, downregulate the secre-
tion of inflammatory cytokines from monocytes 
and macrophages, thereby decreasing the pro-
liferation of smooth muscle cells and inhibit- 
ing the activity of matrix metalloproteinases - 
potentially stabilizing atherosclerotic plaques 
[48]. The cardioprotective effects of SGLT2 
inhibitors are mediated by beneficial hemody-
namic effects, including natriuresis and redu- 
ced plasma volume without sympathetic ac- 
tivation, decreased vascular oxidative stress 
and inflammation, improved renal function, and 
metabolic effects, including increased ketone 
body utilization [49]. These pleiotropic mecha-
nisms make both drug classes agents that 
simultaneously target the inflammatory, meta-
bolic, and hemodynamic contributors to resi- 
dual risk. Furthermore, emerging data suggest 
that a combination of both classes yields addi-
tive cardiovascular and kidney benefits. A 
meta-analysis of 3 trials showed that GLP-1 
RAs reduced MACE by 21% (HR 0.79; 95% CI 
0.71-0.87), with consistent effects regardless 
of whether patients were on an SGLT2 inhibitor 
at baseline [50].

Imaging and residual cardiovascular risk

Cardiovascular imaging can determine the 
residual cardiovascular risk even after achiev-
ing the desired LDL range. The calcium coro-
nary score measures calcium buildup in the 

coronary arteries and helps determine the 
severity of atherosclerosis. It was shown that 
people with high calcium scores remain at a 
high risk of having cardiovascular diseases, 
even if they are treated with high-intensity 
statins, with a CAC score above 300 associat- 
ed with approximately a 3-fold higher cardio-
vascular event rate despite statin therapy, sug-
gesting that advanced plaque continues to 
drive risk that isn’t explained by circulating  
biomarkers [51]. Other studies, such as in- 
travascular ultrasound and optical coherence 
tomography, can reveal additional plaque char-
acteristics, including lipid-rich cores, thin pro-
tective caps, and vessel wall enlargement, 
which can persist even after LDL reduction. 
These features are highly linked to plaque rup-
ture and clot formation. These structural fea-
tures indicate underlying plaque vulnerability, 
in which a thin fibrous cap overlying a lipid- 
rich necrotic core is susceptible to mechanical 
stress, rupture, and subsequent thrombus for-
mation, which directly precipitates acute co- 
ronary syndromes [51, 52]. CTCA is another 
modality that has demonstrated that noncalci-
fied and high-risk plaques are associated with 
future cardiovascular events, with high-risk 
plaque features on CTCA associated with app- 
roximately a 5-fold increased risk of future car-
diovascular events, even among patients tak-
ing statins [52].

For the above reasons, incorporating imaging 
into clinical risk assessment may help identify 
patients with a high residual cardiovascular 
risk. Benefits may arise from more intensive or 
targeted preventive therapy alongside a tradi-
tional biomarker-based approach to preventing 
ASCVD [52].

Clinical implications and future perspectives

Recognizing residual cardiovascular risk makes 
clear that lowering LDL alone does not fully 
address cardiovascular risk and underscores 
the need for a more comprehensive approach 
to ASCVD prevention. Assessment of apoB, 
remnant cholesterol, inflammatory markers, 
and Lp(a) may help identify patients at in- 
creased risk even with standard therapy, with 
approximately 70% of cardiovascular events 
remaining unaddressed by LDL-C lowering al- 
one even after achieving LDL-C below 70 mg/
dL [12]. The developing intervention strategies 
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are focusing on treating patients based on their 
specific profile and phenotype. The focus will  
be on identifying which residual risk factors, 
such as inflammation, apoB burden, lipopro- 
tein(a), or metabolic disease, are most impor-
tant for that individual and then targeting those 
pathways specifically [18, 53]. The major resid-
ual risk pathways and their corresponding ther-
apeutic strategies are summarized in Table 1.

Discussion

LDL-C at target, risk remains: a clinical alarm 
call

One of the great successes of modern cardiol-
ogy has been the ability to reduce LDL-C to  
previously unachievable levels. However, any-
one who has taken care of patients in a sec-
ondary prevention clinic knows the disappoint-
ment of watching a patient suffer a second 
myocardial infarction with an LDL-C of 55 mg/
dL on maximal therapy. This is not an isolat- 
ed finding. This pattern has been confirmed 
repeatedly in many trials, including FOURIER 
and ODYSSEY OUTCOMES, where a significant 
proportion of patients still experienced events 
even at the lowest achieved LDL-C levels [7, 8]. 
The lesson here is that plaque already accu- 
mulated, inflamed, and calcified over decades 
does not simply go away when LDL-C is brou- 
ght under control [18, 51]. Therefore, telling a 
patient their LDL-C is “at goal” while other fac-
tors, including inflammatory burden, apoB, and 
Lp(a), remain unaddressed, is an incomplete 
assessment of their true cardiovascular risk.

Inflammation: the underlying driver of plaque 
instability

For much of the history of cardiovascular medi-
cine, inflammation was recognized as a compo-
nent of atherosclerosis but was rarely treated 
as a therapeutic target. That changed with the 
CANTOS trial [23], which demonstrated that 
blocking interleukin-1β reduced cardiovascu- 
lar events without affecting lipids, establishing 
that inflammation is not merely a marker of  
atherosclerosis but an active driver of plaque 
vulnerability and rupture. This concept came 
closer to practice with the colchicine trials, 
COLCOT and LoDoCo2, which showed a mean-
ingful reduction in events with a cheap, widely 
available drug [24, 25]. In the authors’ view, 
when a patient has achieved their LDL-C target 

but still has a persistently elevated hs-CRP, 
their residual inflammatory risk has not been 
adequately addressed. The hs-CRP test is inex-
pensive and widely available. If hs-CRP remains 
elevated, further reduction in cardiovascular 
risk can be achieved by lifestyle modification, 
low-dose colchicine, or intensified risk factor 
management.

Lipoprotein(a): the inherited risk we keep 
ignoring

Lipoprotein(a) is possibly the most under-evalu-
ated source of residual cardiovascular risk in 
clinical practice today. It is inherited, not re- 
sponsive to statins, and associated with signifi-
cant risk of myocardial infarction, stroke, and 
aortic stenosis [38]. But in most patients with 
cardiovascular disease, it is still not measur- 
ed. RNA-based therapies, including pelacarsen 
and olpasiran, have shown Lp(a) reductions of 
80-90% in phase 2 trials [39, 40], and out- 
come data are eagerly awaited. Until then, the 
2026 ACC/AHA Dyslipidemia Guideline now car-
ries a Class I recommendation for universal 
Lp(a) measurement at least once in all adults - 
the first time a US guideline has made this rec-
ommendation universally [54]. We support this 
recommendation, as it is a single-lifetime test, 
inexpensive, and may fundamentally change 
the approach to assessing a patient’s residual 
risk.

Apolipoprotein B: a superior marker of athero-
genic risk

ApoB measures one thing that LDL-C cannot: 
the true number of atherogenic particles circu-
lating in the blood. In patients with metabolic 
dysfunction, obesity, or insulin resistance, car-
diovascular risk is usually underestimated by 
LDL-C. In these patients, LDL-C particles are 
smaller and cholesterol-depleted, yet numeri-
cally elevated, and apoB provides a better re- 
flection of the atherogenic burden [34, 35]. In 
clinical practice, LDL-C and apoB do not always 
tell the same story. When they diverge, apoB is 
the more accurate reflection of the patient’s 
true cardiovascular risk. Both the 2019 ESC/
EAS guidelines and their 2025 Focused Up- 
date recognize apoB as an important second-
ary treatment target, particularly in metabolic 
high-risk populations such as those with diabe-
tes, obesity, or elevated triglycerides [36, 55]. 
Most recently, the 2026 ACC/AHA Dyslipidemia 
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Guideline formally endorses apoB measure-
ment as a tool to assess residual ASCVD risk 
and guide further treatment decisions in high-
risk patients who have already met their LDL-C 
and non-HDL-C targets [54]. We believe that 
apoB measurement needs to be incorporated 
more routinely in lipid assessment, especially 
in patients with metabolic dysfunction where 
LDL-C alone can be misleading.

HDL cholesterol: quantity versus quality

The history of HDL-targeted therapy is largely a 
story of unsuccessful attempts. In the AIM-
HIGH trial, niacin increased HDL-C by 25% but 
failed to reduce cardiovascular events [31]. 
Torcetrapib, a CETP inhibitor, increased HDL-C 
by 72% in the ILLUMINATE trial but was ac- 
tually associated with increased cardiovascular 
mortality [42]. Dalcetrapib increased HDL-C by 
30% in dal-OUTCOMES without cardiovascular 
benefit [43]. Together, these trials taught us 
that raising HDL-C is not the same as improving 
HDL function. We believe that the failure of 
these agents was not a failure of the HDL 
hypothesis, but rather a failure to target the 
right metric. HDL-C concentration tells us how 
much cholesterol is being carried, not how 
effectively it removes cholesterol from the arte-
rial wall. It is that difference between quantity 
and quality that these trials missed. Until the- 
rapies that specifically target cholesterol efflux 
capacity are developed and validated, HDL-C 
should not be a treatment target in and of itself. 
The focus should shift from raising the number 
to improving the function.

GLP-1 receptor agonists and SGLT2 inhibitors: 
cardiovascular drugs in metabolic clothing

One of the most significant shifts in cardiovas-
cular medicine over the past decade has been 
the realization that GLP-1 receptor agonists 
and SGLT2 inhibitors are not only glucose-low-
ering drugs but cardiovascular drugs that hap-
pen to lower glucose. Their benefit on MACE, 
heart failure hospitalization, and progression of 
kidney disease has been consistently demon-
strated across multiple large trials, on top of 
background statin therapy, in patients who had 
already achieved reasonable LDL-C control [47, 
50]. What makes these agents particularly rel-
evant to this discussion is that they address  
the metabolic, inflammatory, and hemodynam-
ic dimensions of residual risk that statins do 

not touch [48, 49]. We believe that any high-
risk patient with metabolic dysfunction, irre-
spective of diabetes status, deserves a serious 
discussion about these agents as part of their 
cardiovascular prevention strategy, rather than 
as an afterthought once glycemic targets are 
addressed.

Precision prevention: matching therapy to the 
biology of residual risk

The collective evidence reviewed in this paper 
supports a fundamental change in our approa- 
ch to cardiovascular prevention. We favor a 
phenotype-driven strategy that systematically 
identifies and individually targets each patient’s 
dominant residual risk pathway. A patient with 
high apoB and metabolic dysfunction needs a 
different intervention than a patient with high 
hs-CRP and normal apoB, or high Lp(a) and no 
metabolic disease. Measuring apoB, hs-CRP, 
and Lp(a) in addition to standard lipid panels is 
relatively inexpensive and provides substan-
tially more information regarding residual risk 
[54, 55]. Coronary imaging, where available, 
provides an additional layer of individualization 
by identifying patients with high-risk plaque 
features who deserve more aggressive inter-
vention irrespective of their biomarker profile 
[51, 52]. GLP-1 receptor agonists and SGLT2 
inhibitors address the metabolic and hemody-
namic components of residual risk not cover- 
ed by statins and have emerged as evidence-
based tools to be considered in a compre- 
hensive cardiovascular prevention strategy for 
high-risk patients with metabolic dysfunction 
[47, 49, 50]. The newly released 2026 ACC/AHA 
Dyslipidemia Guideline formally recommends 
universal Lp(a) screening and apoB measure-
ment in high-risk patients, providing a practical 
guide for applying this broad approach in clini-
cal practice [54]. We believe the future of car-
diovascular prevention is not to find a single 
drug that addresses all residual risk, but rather 
to develop individualized therapeutic strate- 
gies that address the specific biological drivers 
of risk in each patient.

Conclusion

LDL-C-lowering therapies remain the central 
approach for reducing ASCVD risk. However, 
they do not fully address residual cardiovascu-
lar risk, as some patients continue to experi-
ence significant cardiovascular events despite 



Lowering LDL: necessary but not sufficient

243	 Am J Cardiovasc Dis 2026;16(4):234-246

statin therapy even after achieving desired 
LDL-C levels. Additional residual factors con-
tribute to ongoing cardiovascular risk, includ- 
ing persistent inflammation, apoB-containing 
lipoprotein burden, remnant cholesterol, lipo- 
protein(a), metabolic dysfunction, and throm-
botic mechanisms. ApoB offers a more holistic 
approach to understanding lipid-related residu-
al risk and may enable more accurate cardio-
vascular risk assessment than LDL-C alone. 
GLP-1 receptor agonists and SGLT2 inhibitors 
address the metabolic and hemodynamic com-
ponents of residual risk not covered by statins 
and have emerged as evidence-based tools to 
be considered in a comprehensive cardiovas-
cular prevention strategy for high-risk patients 
with metabolic dysfunction [47, 49, 50]. The 
newly released 2026 ACC/AHA Dyslipidemia 
Guideline formally recommends universal Lp(a) 
screening and apoB measurement in high-risk 
patients, providing a practical guide for apply-
ing this broad approach in clinical practice [54]. 
Addressing these pathways represents a criti-
cal next step toward more effective risk as- 
sessment and personalized, tailored preven-
tion strategies.
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