e249

SMART Approach

SMART-MD Journal of Precision Medicine 2026; Vol 3. No 2.

et

Diabetic Dyslipidemia: A Precision Framework for Risk-

Based Lipid Management

Ali Osman Balkan, MD', Erin E. Kershaw, MD'

1 Division of Endocrinology and Metabolism, Department of Medicine, UPMC and University of Pittsburgh, PA, USA.

1. Overview

Substantial heterogeneity in cardiovascular risk persists
among individuals with diabetes, reflecting discordance
between traditional lipid measures, risk estimation, and
underlying cardiometabolic phenotypes. Current guide-
lines emphasize risk-based treatment using LDL-C and
non-HDL-C thresholds and tools such as PREVENT but pro-
vide limited operational guidance when risk estimates and
clinical features are incongruent. We present a practical
framework, the SMART approach, to support individual-
ized lipid management in diabetes. This approach inte-
grates quantitative risk estimation with selective refine-
ment using diabetes-specific risk enhancers, biomarkers,
and imaging when appropriate. Treatment is aligned with
atherogenic burden and clinical context using a stepwise
escalation strategy prioritizing LDL-directed therapy while
incorporating targeted management of hypertriglycer-
idemia and special clinical scenarios across diverse clinical
settings. By formalizing decision-making under conditions
of uncertainty, this approach translates guideline princi-
ples into actionable, individualized care pathways.

2. Background

Diabetic dyslipidemia is the most common form of ath-
erogenic dyslipidemia and a major contributor to athero-
sclerotic cardiovascular disease (ASCVD). It is character-
ized by elevated triglycerides (TGs), reduced HDL-C, in-
creased non-HDL-C, and an excess of TG-rich, choles-
terol-depleted apolipoprotein B (ApoB)-containing lipo-
proteins. This pattern often persists despite controlled

LDL-C, reflecting an increased atherogenic particle burden
not fully captured by LDL-C alone.

Diabetes is associated with systemic metabolic dysfunc-
tion, driven largely by insulin resistance and relative insu-
lin deficiency, ultimately resulting in lipid abnormalities,
hyperglycemia, and other complications that contribute to
broader cardiometabolic risk. Accordingly, diabetic
dyslipidemia should not be managed in isolation: interven-
tions that improve metabolic health also improve the lipid
phenotype, whereas lipid-lowering alone does not correct
the underlying dysfunction and may worsen glycemic con-
trol.(M In addition, therapies such as GLP-1 receptor ago-
nists and SGLT2 inhibitors improve glycemic control and
reduce cardiovascular risk through mechanisms beyond
conventional lipid, glycemic, and insulin resistance path-
ways.(29) Nonetheless, targeting diabetic dyslipidemia re-
mains a foundational component of cardiovascular risk re-
duction within the broader cardiometabolic context.

Contemporary guidelines from the American Diabetes
Association (ADA) and the ACC/AHA emphasize risk-based
lipid management, LDL-C and non-HDL-C thresholds, and
use of risk equations such as Predicting Risk of Events via
Novel Tools (PREVENT) to guide therapy.(>-7) Diabetes is no
longer considered a risk equivalent but rather a risk modi-
fier. PREVENT incorporates diabetes diagnosis and kidney
function (eGFR) and may incorporate measures of glycemic
burden (HbA1c) and albuminuria (UACR) when entered as
optional predictors; however, even with these variables,
PREVENT does not fully capture the heterogeneity of dia-
betes-related cardiovascular risk. As a result, applying
these recommendations in practice remains challenging,
particularly in patients with discordant profiles or at

Abbreviations: ABI, ankle—brachial index; ApoB, apolipoprotein B;
ASCVD, atherosclerotic cardiovascular disease; CAC, coronary ar-
tery calcium; CKD, chronic kidney disease; eGFR, estimated glomer-
ular filtration rate; GLP-1, glucagon-like peptide-1; HbA1c, hemoglo-
bin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-den-
sity lipoprotein cholesterol; Lp(a), lipoprotein(a); non-HDL-C, non-
high-density lipoprotein cholesterol; PCSK9, proprotein convertase
subtilisin/kexin type 9; PREVENT-ASCVD, Predicting Risk of Events
via Novel Tools—ASCVD; SGLT2, sodium-glucose cotransporter 2;
TG, triglyceride; T1DM, type 1 diabetes mellitus; T2DM, type 2 dia-
betes mellitus; UACR, urine albumin to creatinine ratio.
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borderline or intermediate risk, where guidance on inten-
sification and refinement is limited.

Figure 1. SMART Framework for Lipid Man-
agement in Diabetes

Patient with Diabetes

4 STEP 1: N\

Estimate ASCVD Risk (PREVENT-ASCVD)
Low<3% | Borderline 3 to <5% |
Intermediate 5 to <10% | High 210%

Included in the model:
diabetes diagnosis. kidney function (eGFR)

May include as additional diabetes risk predictors:
\ glycemic burden (HbA1c), albuminuria (UACR) /

é STEP 2: )

Refine Risk with Diabetes-Specific Enhancers
(if not already considered in Step 1)

long duration (T2DM 2 10y; TIDM 2 20 y);
CKD severity, trajectory, or complications;
albuminuria (UACR); microvascular complications;

\_ ABI<0.9; elevated lipoprotein(a) >
4
é STEP 3: )

Further Risk Stratification

Non-HDL-C or ApoB (atherogenic burden);
Selective CAC testing:

CAC = 0 — may defer in selected patients

\_ CAC 2100 — initiate or intensify therapy )

v
i STEP 4 K

Risk-based LDL-C Iowerlné (threshold-guided)

Initiate moderate- or high-intensity statin
If above threshold — add ezetimibe, PSCK9
inhibitor, or bempedoic acid
Y If still elevated — intensify or combine therapies >

2

- STEP 5: -

Management of hypertriglyceridemia

TG 150499 mg/dL — consider icosapent ethyl
TG 2500 mg/dL — treat to prevent pancreatitis

v

% Core Principles %
Align treatment intensity with true atherogenic risk
Use selective risk refinement to guide decisions
Leverage therapies to reduce
& overall cardiometabolic risk A

Stepwise framework integrating PREVENT-ASCVD risk estima-
tion, selective refinement with diabetes-specific enhancers and
biomarkers, and risk-based escalation of lipid-lowering therapy.
Interpret PREVENT estimates in clinical context; prioritize LDL-
directed therapy, followed by triglyceride management and spe-
cial clinical scenarios.
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This SMART approach builds on existing guidelines by
providing a structured framework for individualizing lipid
management, particularly in situations of clinical uncer-
tainty. Rather than introducing new risk constructs, it
translates guideline recommendations into actionable clin-
ical decisions when risk estimates, lipid measures, and clin-
ical phenotypes are discordant. This approach prioritizes
atherogenic burden as the primary determinant of treat-
ment intensity, selectively incorporates risk refinement
tools, and applies pragmatic, stepwise treatment strategies
(Figure 1). By integrating guideline-based care with a pre-
cision-oriented clinical perspective, it aims to improve con-
sistency and effectiveness of lipid management while pre-
serving flexibility for patient-specific decision making (Ta-
bles 1-4).

3. Guideline Recommendations

Contemporary lipid management is guided by ADA and
ACC/AHA recommendations emphasizing risk-based, indi-
vidualized treatment(>6), categorizing patients as low
(<3%), borderline (3-<5%), intermediate (5-<10%), or
high (210%) risk. Guidelines recommend statin therapy
based on ASCVD risk, with most adults with diabetes aged
40-75 years meeting criteria for at least moderate-inten-
sity statin therapy based on estimated risk and clinical fac-
tors, and escalation to high-intensity therapy for those at
higher risk or with additional risk enhancers.(>6) Recent
updates reestablish numeric LDL-C and non-HDL-C
thresholds to guide treatment intensity and escalation (Ta-
ble 1), allowing therapy to align more directly with ather-
ogenic burden.

For patients with LDL-C remaining above threshold de-
spite maximally tolerated statin therapy, stepwise escala-
tion to non-statin therapy is recommended; options in-
clude ezetimibe, bempedoic acid, or a PCSK9 inhibitor, se-
lected based on the degree of LDL-C lowering needed, risk
level, and patient preference (Table 2, Table 3). These rec-
ommendations are emphasized in higher-risk populations.

Hypertriglyceridemia is addressed separately, distin-
guishing therapies for ASCVD risk reduction versus pancre-
atitis prevention. Icosapent ethyl can be considered for se-
lected patients with persistent TG elevation despite statin
therapy(®), while fibrates or prescription omega-3 fatty ac-
ids are reserved for more severe hyper-triglyceridemia.
Across these scenarios, non-HDL-C serves as a secondary
treatment threshold, and ApoB is a selective tool for refin-
ing risk, particularly in patients with elevated TGs or dis-
cordant lipid profiles.

Although guidelines provide a framework for risk strat-
ification and treatment escalation, they offer limited oper-
ational guidance in patients with discordant risk and lipid
profiles, which often characterize diabetic dyslipidemia.
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Table 1. Risk-Based Lipid Thresholds and Initial Therapy in Adults with Diabetes

Population Clinical Context (including | LDL-C Threshold* | Non—HDL-C Recommended Approach
diabetes-specific risk en- Threshold*
hancers)”

Ages 20-39 Included in calculator: dia- | <100 mg/dL <130 mg/dL Consider initiation of moderate-
betes diagnosis, kidney intensity statin after shared deci-
function (eGFR), albuminu- sion-making
ria (UACR), & current gly-
cemic burden (HbA1lc)

Not included in calculator:
Long diabetes duration
(>10y T2DM or 220y
T1DM), retinopathy, neu-
ropathy, or ABI <0.9

Age 40-75 No ASCVD or major risk <100 mg/dL <130 mg/dL Initiate moderate-intensity
enhancers statin

Age 40-75 Multiple risk enhancers or | <70 mg/dL <100 mg/dL Initiate high-intensity statin; add
PREVENT 210% ezetimibe if above threshold or

a PCSK9 mAb

Age >75 Assess comorbidities and <100 mg/dL <130 mg/dL Continue or consider statin after
functional status shared decision-making

ASCVD Established ASCVD (sec- <55 mg/dL <85 mg/dL Initiate high-intensity statin; add
ondary prevention) ezetimibe or a PCSK9 mAb

Statin intolerance | Partial or complete Individualized Individualized | Use highest tolerated statin; add

non-statin therapies as needed

Abbreviations: ABI, ankle—brachial index; ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; LDL-
C, low-density lipoprotein cholesterol; non-HDL-C, non—high-density lipoprotein cholesterol; UACR, urine albumin to creatinine ratio.

*ASCVD risk categories are based on PREVENT-ASCVD estimates (low <3%, borderline 3—<5%, intermediate 5-<10%, high 210%) and
should be interpreted with diabetes-specific risk enhancers: albuminuria (UACR), eGFR <60 mL/min/1.73 m2, long duration (210y T2DM
or 220y T1DM), retinopathy, neuropathy, or ABI <0.9. Because PREVENT may not fully capture risk heterogeneity in diabetes, clinical fac-
tors not explicitly or consistently incorporated in the model (e.g., disease duration, microvascular complications, clinical phenotype) re-

fine risk and guide treatment intensity.

"Thresholds guide treatment intensity and escalation and are not fixed treatment goals.

*The 2026 ACC/AHA guideline distinguishes ASCVD at very high risk (LDL-C <55 mg/dL; non—HDL-C <85 mg/dL) from ASCVD not at very
high risk (LDL-C <70 mg/dL; non—HDL-C <100 mg/dL). The majority of patients with diabetes and established ASCVD will qualify as very

high risk; clinicians should assess each patient individually.

4. How We Manage Diabetic Dyslipidemia

Management of diabetic dyslipidemia requires individu-
alized interpretation of risk, lipid measures, and clinical
context. This SMART approach provides a structured, step-
wise framework integrating risk assessment with selective
refinement and pragmatic therapy escalation (Figure 1).

Management begins with estimation of 10-year ASCVD
risk using PREVENT-ASCVD(), which guides statin initia-
tion and intensity (Table 1). PREVENT provides a struc-
tured estimate of ASCVD risk that incorporates diabetes di-
agnosis and kidney function (eGFR) into the base model.
For further personalization, HbAlc and UACR should also
be entered into the calculator as additional diabetes-spe-
cific predictors when these data are available. If entered,
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Table 2. Adjunctive LDL-Lowering Therapies in Diabetes

Agent LDL-C Reduction’ Mechanism Key Evi- Clinical Use (Preferred Scenar-
dence* ios)

Ezetimibe ~18-25% Inhibits intestinal choles- | IMPROVE-IT Preferred for modest LDL-C
terol absorption gaps; oral, well-tolerated, low
(NPC1L1) cost

PCSK9 monoclo- ~50-65% Increase LDL receptor re- | FOURIER, OD- | Preferred for large LDL-C reduc-

nal antibodies cycling YSSEY tion or very high ASCVD risk

(evolocumab, ali-

rocumab)

Inclisiran ~50% siRNA inhibition of he- ORION trials Consider if adherence or dosing
patic PCSK9 synthesis frequency is a concern

Bempedoic acid ~20% ATP citrate lyase inhibi- CLEAR Out- Useful in statin intolerance
tion comes

Bile acid ~10-25% Bind intestinal bile acids | Legacy trials Avoid if TG 2300 mg/dL; con-

sequestrants and increase LDL clear- sider when statins not tolerated
ance

Abbreviations: LDL-C, low-density lipoprotein cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9; siRNA, small interfering

RNA; TG, triglyceride.

*Percent LDL-C reductions are approximate and may vary based on baseline therapy and adherence.

*Key evidence: IMPROVE-IT(12; FOURIER(3); ODYSSEY Outcomes(14); ORION(5); CLEAR Outcomes!(16)

these variables should not be reused as independent risk
enhancers.

In patients with borderline or intermediate risk, or
when clinical features suggest higher risk than estimated,
other risk enhancers not fully captured in the above PRE-
VENT risk estimator should be considered to further refine
risk. These diabetes-specific risk enhancers include longer
duration of diabetes, UACR, microvascular complications
(i.e., retinopathy, neuropathy), abnormal ankle-brachial in-
dex (ABI), and chronic kidney disease (CKD) if severity, tra-
jectory, and/or complications are not reflected by the
eGFR. Lipoprotein(a) measurement identifies individuals
with elevated lifetime risk. In patients with elevated TGs or
discordance between LDL-C and clinical phenotype,
non-HDL-C or ApoB more directly reflect atherogenic bur-
den and support intensification of therapy.(®.10

When uncertainty persists, coronary artery calcium
(CAC) testing is used to refine risk when results may alter
management, with higher scores supporting earlier or
more intensive therapy,(!1) CAC is used as a targeted tool
when risk and clinical presentation are discordant.

Lipid-lowering therapy uses a statin-first, thresh-
old-guided escalation strategy. If LDL-C remains above
threshold on maximally tolerated statin therapy,
ezetimibe(12), a PCSK9 inhibitor(13-15), or other agents(16)
can be added (Table 2, Table 3). Bempedoic acid is an

alternative in statin intolerance.(16) In statin intolerance,
partial statin use is prioritized (any statin is better than no
statin), with early incorporation of non-statin therapies.

Management of hypertriglyceridemia follows LDL-di-
rected therapy and reflects the underlying clinical objec-
tive. In moderate TG elevation, icosapent ethyl is used for
ASCVD risk reduction in selected high-risk patients.® In
severe hypertriglyceridemia, treatment focuses on preven-
tion of pancreatitis while maintaining statin therapy (Ta-
ble 3).

Special clinical contexts, including type 1 diabetes, CKD,
pregnancy, older age, and elevated lipoprotein(a), require
further individualization (Table 4). Across all scenarios,
the central principle of the SMART approach is alignment
of treatment intensity with atherogenic risk through selec-
tive refinement and context-specific decision-making.

5. Summary

Atherogenic dyslipidemia is a major driver of ASCVD risk
in diabetes but is not fully captured by traditional lipid
measures or risk equations. Current guidelines provide a
framework for risk-based management but offer limited
guidance in patients with discordant risk and lipid profiles.
The SMART approach provides a structured framework in-
tegrating risk estimation, selective refinement, and
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stepwise therapy escalation. By prioritizing atherogenic
burden and clinical context, it aligns treatment intensity

with patient-specific risk and supports more precise and
consistent lipid management in diabetes.

Table 3. Practical Treatment Strategies for Lipid Management in Diabetes

Clinical Situation

Recommended Action

Clinical Notes”

Initial risk assessment (no
ASCVD)

Estimate 10-year ASCVD risk using PRE-
VENT; interpret in context of diabetes-
specific risk enhancers

Use risk estimate to guide statin initiation
and intensity (see Table 1)

Diabetes, age 40-75

Initiate statin therapy

Moderate vs high intensity guided by risk
and diabetes-specific enhancers

LDL-C above threshold on
statin

Add ezetimibe, PCSK9 mAb, or bem-
pedoic acid based on LDL-C gap and
preference

Reassess lipid levels before further intensifi-
cation

Persistent LDL-C elevation on
statin + initial non-statin agent

Add PCSK9 mAb or inclisiran; add
ezetimibe if not already used

PCSK9 mAb preferred for large LDL-C gaps;
inclisiran if adherence is a concern

Statin intolerance

Use highest tolerated statin and add
non-statin therapy

Complete intolerance uncommon; consider
rechallenge strategies

LDL-C at threshold with con-
cern for residual risk

Measure and address non-HDL-C or
ApoB thresholds

Identifies discordance and residual athero-
genic particle burden

Uncertain decision after risk
assessment

Refine or reclassify PREVENT-estimated
risk using diabetes-specific enhancers +
CAC

CAC 2100 supports treatment escalation

Subclinical atherosclerosis
(CAC 2100)

Initiate or intensify statin therapy

Higher CAC favors earlier and more aggres-
sive therapy

Established ASCVD

Use high-intensity statin and escalate
per thresholds (secondary prevention)

Add ezetimibe, PCSK9 inhibitor, or bem-
pedoic acid based on LDL-C gap and patient
preference

TG 150-499 mg/dL

Consider icosapent ethyl in high-risk
patients

Do not substitute with mixed omega-3 sup-
plements

TG 2500 mg/dL

Treat secondary causes and add fi-
brate, prescription omega-3, or ApoC-
IIl or ANGPTL3 inhibitor therapies

Primary goal is prevention of pancreatitis

Abbreviations: ApoB, apolipoprotein B; CAC, coronary artery calcium; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride.

TReassess lipid levels 4—-12 weeks after initiation or modification of therapy.




Spring 2026

Diabetic Dyslipidemia

Table 4. Lipid Management in Special Clinical Situations in Diabetes
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Clinical Context

Key Considerations

Recommended Approach

Clinical Notes’

CKD (eGFR <60
mL/min/1.73 m?)

Higher ASCVD risk; altered
pharmacokinetics

Statin £ ezetimibe; avoid or
dose-adjust fibrates if
eGFR <30; use statins with
low renal clearance
(atorvastatin, fluvastatin,
pitavastatin)

Monitor renal function and
drug interactions

Pregnancy

Statins contraindicated

Discontinue statins; con-
sider bile acid sequestrants
if needed

Avoid during breastfeeding
unless high-risk scenario

Older adults, age >75

Frailty, comorbidities, polyphar-
macy

Continue or initiate statin
after individualized discus-
sion

Weigh life expectancy and
goals of care

Type 1 diabetes (long
duration)

Elevated lifetime ASCVD risk

Consider statin with 220
years disease duration or
complications

Use same thresholds as
type 2 diabetes when risk is
high

Elevated Lp(a)

Independent ASCVD risk factor

Intensify LDL-C lowering;
consider earlier PCSK9 use

No approved Lp(a)-specific
therapy currently available

Statin intolerance

Limits standard therapy

Use non-statin therapies
and consider rechallenge

Alternate dosing often im-
proves tolerability

Mixed dyslipidemia (el-
evated TGs)

Residual ASCVD risk

Add icosapent ethyl or fi-
brate depending on TG
level

Avoid bile acid sequestrants
if TGs are elevated

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Lp(a), lipoprotein(a); TG, triglyceride.

*Management should be individualized with attention to safety, comorbidities, and patient preferences.
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