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Objectives

• Describe the clinical significance of advanced cardiometabolic biomarkers including PLAC® 
activity, oxidized LDL, small dense LDL, Lp(a), apolipoproteins (A1/B), and inflammatory 
markers and how they complement traditional lipid testing.

• Interpret real patient case data from the Cardiovascular Risk Profile and differentiate between 
patterns suggesting elevated active atherogenesis, plaque instability, or systemic inflammation.

• Apply evidence-based interventions tailored to specific biomarker abnormalities, including 
lifestyle protocols (nutrition, physical activity, weight optimization), targeted supplementation, 
and when appropriate, medication considerations.

• Construct individualized care plans integrating biomarker findings with traditional risk scores 
(e.g., Framingham/ACC/AHA algorithms) and patient phenotypes to mitigate cardiometabolic 
risk more precisely.

• Evaluate outcomes and follow-up strategies by selecting appropriate re-assessment intervals 
and actionable clinical goals driven by patient results and best practice evidence.



Top Five CVD Risk Factors

Houston M. Ther Adv Cardiovasc Dis. 2018 Mar;12(3):85-108. 



Standard Panels



Why Go Beyond Traditional Lipids?

Houston M. Ther Adv Cardiovasc Dis. 2018 Mar;12(3):85-108.

Sachdeva A, et al. Am Heart J. 2009 Jan;157(1):111-117.e2.  



LDL-C Discordance

Soffer D E, et al. Role of apolipoprotein B in the clinical management of cardiovascular risk in adults: An expert clinical consensus from the national lipid association. Journal of Clinical Lipidology, Volume 0, Issue 0

Arsenault BJ, et al. J Am Coll Cardiol. 2009 Dec 29;55(1):35-41. 



Non-HDL Cholesterol & Key Ratios

Tahir UA, et al. Circ Res. 2023 Jun 9;132(12):1663-1673.

Lorenzatti AJ, et al. Eur Cardiol. 2020 Feb 26;15:1-9.  

Raja V, et al. Atherosclerosis. 2023 Oct;383:117312. 



Advanced Cardiovascular Risk Profile
Category Key Biomarkers Clinical Significance

Lipoprotein 

Particles

LDL-P, HDL-P, small LDL-P, 

LDL size/pattern

Measures particle burden and size quality. 

Small, dense LDL (sdLDL) is more 

atherogenic.

Apolipoproteins & 

Genetic

apoB, apoA1, Lp(a) ApoB captures total atherogenic load. 

Lp(a) is an independent, genetic risk factor.

Inflammation & 

Oxidation

oxLDL, PLAC Activity, hs-CRP, 

homocysteine

Identifies active plaque instability, vascular 

inflammation, and oxidative modification.

Metabolic & 

Glycemic

glucose, fasting insulin, LP-IR 

score, 1,5-AG

Detects insulin resistance and glycemic 

variability early, often years before 

diabetes.

Adipokines leptin, adiponectin Signaling molecules linking adipose tissue 

dysfunction to cardiometabolic risk.





Oxidized LDL (oxLDL)

Hong CG, et al. Front Cardiovasc Med. 2023 Jan 16;9:1023651. 

Trpkovic A, et al. Crit Rev Clin Lab Sci. 2015;52(2):70-85.



Small Dense LDL (sdLDL) & LDL-P

Feingold KR. Utility of Advanced Lipoprotein Testing in Clinical Practice. [Updated 2023 Jan 3]. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK355893/



• Low LDL-P represents lower 
risk

• High numbers of small, dense 
LDL particles- highest risk 
(Pattern B “bad”)

• High numbers of large, buoyant 
LDL-P represent a higher risk 
(Pattern A “not as bad”)



Lp(a)

Bhatia HS, et al. Journal of Clinical Medicine. 2022; 11(20):6040. 

Pearson GJ, et al. Can J Cardiol. 2021 Aug;37(8):1129-1150.

Tahir UA, et al. Circ Res. 2023 Jun 9;132(12):1663-1673. 

Feingold KR. Utility of Advanced Lipoprotein Testing in Clinical Practice. [Updated 2023 Jan 3]. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK355893/



Apolipoprotein B (ApoB)

Cole J, et al. J Clin Med. 2023 Sep 3;12(17):5737.

Berberich AJ, et al. Endocr Rev. 2022 Jul 13;43(4):611-653.

Ulloque-Badaracco J.R, et al. Lipids Health Dis 22, 98 (2023). 

De Oliveira-Gomes D, et al. Circulation. 2024 Jul 2;150(1):62-79. 

Soffer D E, et al. Role of apolipoprotein B in the clinical management of cardiovascular risk in adults: An expert clinical consensus from the national lipid association. Journal of Clinical Lipidology, Volume 0, Issue 0

Feingold KR. Utility of Advanced Lipoprotein Testing in Clinical Practice. [Updated 2023 Jan 3]. In: Feingold KR, Anawalt B, Blackman MR, et al., editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK355893/

https://www.ncbi.nlm.nih.gov/books/NBK355893/


Apolipoprotein A-1 (ApoA-1)

Ulloque-Badaracco J.R, et al. Lipids Health Dis 22, 98 (2023).

Bhale AS, et al. Biomed Pharmacother. 2022 Oct;154:113634. 



PLAC (LP-PLA2 Activity)

• Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a vascular-
specific inflammatory enzyme produced by macrophages and foam 
cells within atherosclerotic plaque. 

• reflects active inflammation within the vessel wall and the likelihood 
of plaque rupture

De Stefano A, et al. Int J Immunopathol Pharmacol. 2019 Jan-Dec;33:2058738419827154. 

Garg PK, et al. Arterioscler Thromb Vasc Biol. 2016 Apr;36(4):750-6. 

English CJ, et al. Nutr Rev. 2022 May 9;80(6):1371-1391. 



Inflammation & Vascular Integrity

Smith AD, et al. J Intern Med. 2021 Oct;290(4):826-854.

Hribal ML, et al. Curr Pharm Des. 2014;20(4):609-15. 

Ridker PM, et al. N Engl J Med. 2000 Mar 23;342(12):836-43.

Yang JS, et al. BMJ Open Sport Exerc Med. 2017 Jun 2;3(1):e000236. 

Biomarker & role
Reference 

ranges
Clinical significance Key interventions

hs-CRP

(High-sensitivity C-reactive 

Protein) 

Liver-derived acute phase 

reactant; primary marker of 

systemic inflammation

Optimal: 

<1.0 mg/L

Strong univariate predictor of CV 

events. Reflects inflammatory burden 

from visceral fat, infection, or 

autoimmune activity.

• Anti-inflammatory diet

• Glycemic control

• Weight loss/Visceral fat 

reduction

• Smoking cessation

• Treat gum disease/infections

• Stress management

Homocysteine

Amino acid intermediate 

in methionine metabolism; 

marker of methylation status 

and endothelial health

Optimal: 

5.0-7.2 

umol/L

Elevations impair endothelial nitric 

oxide, promote oxidative stress, and 

increase thrombotic risk. Often 

signals B-vitamin insufficiency (folate, 

B12, B6), impaired methylation, 

insulin resistance, or renal 

dysfunction.

• Anti-inflammatory lifestyle

• correct B-vitamin 

insufficiency (folate, B12, 

B6)

• Manage IR and smoking



Glycemia and Insulin: Early Detection of Risk

Parameter Reference ranges Clinical significance & context

Fasting Blood 

Glucose (FBG)

Optimal: 72–85 mg/dL Early Warning Sign: Risk for CVD and T2D rises significantly 

even in the "high-normal" range (91–99 mg/dL).

Standard reference ranges (<100 mg/dL) often miss early 

metabolic dysfunction.

Fasting Insulin Optimal: 1–5 mIU/L Primary Driver: Hyperinsulinemia is a major driver of sdLDL 

formation, triglyceride elevation, and systemic inflammation.

Elevated insulin indicates resistance often years before glucose 

rises.

Bjørnholt JV, et al. Diabetes Care. 1999 Jan;22(1):45-9. 

Park C, et al. Diabetes Care. 2013 Jul;36(7):1988-93. 

Nguyen QM, et al. Arch Pediatr Adolesc Med. 2010 Feb;164(2):124-8. 

Brambilla P, et al. Diabetes Care. 2011 Jun;34(6):1372-4. 

Stay Optimal: An Insider’s Guide to Your Patients’ Blood Biomarkers. Weatherby & Associates, LLC. Available from: https://www.optimaldx.com/insiders-guide-to-your-patients-blood-biomarkers-thank-you?submissionGuid=b50e7a28-ed78-4559-b92a-e17ff679af60

ter Horst KW, et al. Int J Obes (Lond). 2015 Dec;39(12):1703-9.

Lee S, et al. J Korean Med Sci. 2006 Aug;21(4):695-700. 

Johnson JL, et al. Endocr Pract. 2010 Jan-Feb;16(1):47-52. 



Adipokines

Hribal ML, et al. Curr Pharm Des. 2014;20(4):609-15. 

Martin SS, et al. J Am Coll Cardiol. 2008 Oct 7;52(15):1201-10.

Romero-Corral A, et al. Nat Clin Pract Cardiovasc Med. 2008 Jul;5(7):418-25.

Shehzad A, et al. Hormones (Athens). 2012 Jan-Mar;11(1):8-20. 

Wang Y, et al. Sci Rep. 2018 Jan 10;8(1):406. 



1,5-Anhydroglucitol (1,5 AG)

Mechanism: Structural analog of glucose. Competes for 
reabsorption when blood glucose spikes >180 mg/dL.

Clinical Utility: Captures postprandial hyperglycemic 
excursions often missed by A1c (average) or FBG (fasting).

Low Levels: Indicate recent significant glucose spikes 
(within 1-2 weeks).

Khan H, et al. Metabolites. 2025 Mar 25;15(4):224. 

Xu H, et al. Front Endocrinol (Lausanne). 2024 Oct 31;15:1471577. 



Comprehensive Biomarker Reference Table



Putting It Altogether



Medical History
Past Medical History

Prediabetes noted 1 year ago (HbA1c previously 5.7%)

Family History

Father: MI at age 54

Paternal grandfather: died of stroke at age 67

Mother: hypertension

Current Medications

None reported

Robert
46-Year-Old Male

Occupation
IT project manager 

Chief Concern
“I want to avoid what happened
to my father.”

BMI
29.1kg/m2

Blood pressure
132/84 mmHg

Dietary Pattern

High refined carbohydrates, low fiber intake. Frequent dining out.

Physical Activity

Sedentary job. Walks/plays basketball occasionally on weekends.

Alcohol Intake/Smoking Status

Moderate (5-7 drinks/week)/Non-Smoker

Sleep

6–6.5 hours/night; reports snoring; wakes tired

 Lifestyle 



Baseline Labs

• HbA1c: 5.8%

• Glucose: 96 mg/dL

• ALT: 34 U/L

• AST: 27 U/L

• GGT: 42 U/L

• Creatinine: 0.9 mg/dL

• eGFR: >90

• TSH: 2.1

• Vitamin D: 27 ng/mL

Total Chol/HDL Ratio: 4.2 (rr < 3.5 optimal) MODERATE RISK

Triglycerides/HDL Ratio: 3.6 (rr < 2 optimal) INCREASED RISK

NEAR OPTIMAL 

HIGH

LOW 

NORMAL

HIGH

Total Chol/HDL Ratio: 4.2 (rr < 3.5 optimal) MODERATE RISK

Triglycerides/HDL Ratio: 3.6 (rr < 2 optimal) INCREASED RISK



Advanced Cardiometabolic Biomarkers

ELEVATED

ELEVATED

NORMAL

MODERATE RISK 

MODERATE RISK 

NOT OPTIMAL

NOT OPTIMAL

HIGH NORMAL

MILDLY ELEVATED

MILDLY ELEVATED

NO RISK



Clinical Interpretation

Insulin resistance–driven atherogenic dyslipidemia

• Key signals:

• Elevated LDL particle number

• Small dense LDL

• Elevated ApoB

• High TG / HDL ratio

• Elevated fasting insulin

Secondary Contributors

• Visceral adiposity

• Mild systemic inflammation

• Early oxidative modification of LDL



Intervention Plan: Lifestyle Core



Targeted Supplementation
Omega-3 Fatty Acids (EPA+DHA)

• 2–4 g/day for significant triglyceride lowering and shift from sdLDL to larger buoyant particles.

Curcumin (Bioavailable Form)

• 500–1000 mg/day for potent anti-inflammatory effects and reduction of lipid peroxidation.

Berberine HCL

• 500 mg 2–3x/day with meals; activates AMPK similarly to metformin, improving insulin sensitivity and lipid profile.

Magnesium (Glycinate/Malate)

• 300–400 mg/day; critical for insulin receptor tyrosine kinase activity.

Alpha-Lipoic Acid (ALA)

• 300–600 mg/day for antioxidant defense and improved glucose uptake.

Chromium / Vanadium

• Trace minerals to support insulin signaling pathways.

Coenzyme Q10 (Ubiquinol)

• 100–200 mg/day for antioxidant support and mitochondrial function



Key Takeaways
• Traditional Panels Miss Critical Risk

• Standard LDL-C fails to predict ~50% of events. Relying solely on basic lipid 
panels leaves significant residual risk undetected, especially in metabolic 
syndrome.

• Particle Number & Quality Matter
• ApoB / LDL-P (burden), sdLDL (quality), oxLDL(oxidative stress), 

and PLAC (instability) provide a superior, granular view of atherogenic risk.

• Treat the Phenotype, Not Just the Number
• Identify the root cause: Insulin Resistance (high TG/HDL, LP-IR) 

vs. Inflammation (hs-CRP) vs. Genetic(Lp(a)). Tailor lifestyle and meds 
accordingly.

• Track Progress with Actionable Targets
• Set clear intervals (8-12 weeks) and specific goals. Use biomarkers to 

validate the effectiveness of interventions.



Follow Us & Join Us! @FxMedCE 

FunctionalMedicineCE.com



Thank you!
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