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Critical Reassessment of the Lipid Paradigm: Methodological
Flaws in Traditional Cholesterol and Saturated Fat Research —
An Argument Supporting Lifestyle Medicine

SUPPLEMENTARY FIGURES

Figure S1. Diagram of the traditional lipid paradigm: relationship between saturated fats, cholesterol and cardiovascular

disease.
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This figure illustrates the traditional lipid hypothesis model, which posits a linear causal pathway from dietary saturated
fat intake to elevated serum cholesterol (LDL), subsequently promoting atherosclerotic plaque formation and cardiovas-
cular disease. The model emphasizes cholesterol as the central mechanistic target for dietary and pharmacolog-
ical interventions. Abbreviations: LDL, low-density lipoprotein; CVD, cardiovascular disease.



Figure S2. Diagram of Alternative framework of cardiovascular risk.
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This figure depicts an alternative pathophysiological model wherein chronic inflammation, oxidative stress, insulin
resistance, and glucotoxicity represent primary atherogenic mechanisms. Within this framework, cholesterol func-
tions as an adaptive biomarker responding to underlying metabolic dysfunction rather than a direct causal agent. Oxi-
dized LDL particles, dysfunctional HDL, endothelial dysfunction, and systemic inflammatory milieu assume greater path-
ophysiological relevance than absolute cholesterol levels. Lifestyle medicine interventions targeting inflammation reduc-
tion, metabolic flexibility, and dietary quality emerge as preferred prevention strategies. Abbreviations: oxLDL, oxidized
low-density lipoprotein; HDL, high-density lipoprotein; ROS, reactive oxygen species.



Figure S3A. Atherosclerotic Plaque Evolution: From Initiation to Advanced Disease with Rupture-Prone Characteristics.
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Figure S3A. Atherosclerotic Plaque Evolution: From Initiation to Advanced Disease with Rupture-Prone Characteristics
This figure illustrates the temporal process of atherogenesis divided into two phases:

o Left Panel - Early Atherogenesis (30-60 years):
e Healthy arterial wall with intact endothelium

e Early LDL and macrophage infiltration

o Fatty streak formation

¢ Incipient fibrous cap development

e Minimal lipid core

Right Panel - Advanced Atherosclerosis (60+ years):
e Large necrotic core (yellow/orange center)
e Thin vulnerable fibrous cap (red)
e Extensive calcification (white speckling)
¢ Intraplaque hemorrhage (dark red)
e Chronic immune infiltration (purple)
¢ Rupture risk points marked with arrows.

The figure illustrates the critical transition point where formation mechanisms give way to rupture and thrombosis mech-

anisms.



Figure S3B. Therapeutic Mechanisms: Differential Efficacy of LDL-Lowering vs Anti-inflammatory Approaches Across
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This figure compares three rows of therapeutic strategies:
Row 1 - LDL-Lowering Therapy (Statins/PCSK9i):
o Shows 90% effectiveness in early disease (green).
e Only 20-30% effectiveness in advanced disease (orange).
e Mechanism: Prevention of lipid accumulation in initiation phase.

Row 2 - Anti-inflammatory Therapy (IL-1B Inhibition):
o Similar effectiveness across all disease stages.
¢ Reduces infiltration of activated macrophages.
o Lipid core content independent.
e Mechanism: Plaque stabilization through immune reduction.

Row 3 - Plaque Stabilization Mechanisms:
¢ Enhanced endothelial function.
e Reduced oxidative stress.
e Structural reinforcement of fibrous cap.



e Rupture risk reducers.

SUPPLEMENTARY TABLES

Table S1. Bias domains and assessment criteria (ROB 2 / ROBINS-I).

. Quality .
. . e Assessment Method (ROB Inclusion _ Example Applica-
Bias Domain Definition 2/ROBINS-I) Threshold Sc:;itlm tion

WOSCOPS (low
risk): population re-
Non-random or un- g5 NS /ROB 2: recruit- Low/Moderate: In- cruitment, <10% at-
representative popu- hods, inclusionfex- clude | High: In- +0 (low) /-1 trition — include
Selection Bias lation inclusion; dif- me’.‘t me’F 0as, Inc 9n. (moderate) Observational co-
. clusion criteria, loss to follow- clude + flag for . , SN
ferential loss to fol- up rates (<15% target)  sensitivity analysis / -2 (high)  horts (high risk):
low-up P o targ y analy self-selected sam-
ple, 30% attrition —
include + flag
Seven Countries: li-
pids measured
+0 (low) /-1 standardized lab
(moderate) protocol — low risk
/-2 (high) Self-reported dietary
cholesterol studies
— high risk
Pre-registered RCTs
with published pro-
tocol — low risk
post-hoc subgroup

Inadequate valid-
ity/reliability of expo-
sure, outcome, or
confounder meas-
urement

Standardized vs validated in- Low/Moderate: In-
struments; outcome assessor clude | High: In-
blinding; surrogate marker clude with
validation studies weighted analysis

Measurement
Bias

Prospective protocol registra- +0 (pre-reg-

Selective reporting Low/Moderate: In-

Reporting of outcomes, time tl(r)i?n\elms p\?sst;(:ggnadnaaly?)isti clude | High: I?:r?i;eedd) £e1 analyses without
Bias points, or post-hoc P .ry ondary . Downgrade qual- . prespecification —
comes; prespecified analysis . . porting) / -2 o
subgroup analyses ity rating high risk

plan available (Post-hoc) ENHANCE reported

all prespecified out-
comes — low risk
INTERHEART: DAG
adjustment for 9 ma-
Low/Moderate re- +0 (well-ad- jor confounders —
sidual: Include | justed)/-1 low residual
High residual: In- (incomplete Observational study

Unmeasured or in- Directed acyclic graphs
adequately adjusted (DAGs) identifying plausible

Residual Con- confounders affect- confounders; adjustment var-

founding . o ; ; e clude emphasiz- adjustment) (cholesterol & MI)
ing outcome associ- iables listed; sensitivity anal- .~ . ; : ) )
ations ses performed ing interpretation /-2 (high without inflammation
y P limitations residual) adjustment — high
residual confound-
ing

Industry-funded: +0 (trans- Pharma statin trial:
Include WITHOUT parent dis- Include completely;
automatic exclu- closure) /-1 disclose funder
sion | Flag for (limited dis-transparently; exam-
heightened scru- closure) / 0 ine if effect sizes dif-
tiny and transpar- (included fer vs public trials in
ency regardless) sensitivity analysis

Financial relation-  Funding source transpar-

Funding/In-  ships influencing ency; industry role in de-
dustry Bias study design, analy- sign/conduct/analysis; inde-

sis, or interpretation  pendent data monitoring




Table S2. General Quality Scoring System (overall study rating and use in synthesis).

Overall Quality  Score ROB Domains at . . Weight in Meta- - .
Rating Range Low Risk Use in Synthesis Analysis Sensitivity Analysis
. ) 24/5 domains low  Primary synthesis (full 1.0 (no down- :
A (High) 0to-2 risk weight) weighting) None required
3/5 domains low Primary synthesis
B (Moderate) -3to-5 risk (weighted) 0.75 Tested separately
C (Low) -6 to -8 29 dorr?saklns (e Narrative synthesis only 0.50 Tested + subgroup
D (Critically <1/5 domains low Excluded from quantita- Sensitivity analysis
<-9 . X . 0.0
Low) risk tive synthesis (excluded)
Table S3. Industry Funding Protocol.
Aspect Asse_ssment Transparency Require- Risk Level Handllng n Application to the Trials
Criteria ments Analysis
Low: Public/non-
Primary funder Mandatorv disclosure in profit ENHANCE: Merck-
. (industry, public, Yy = Moderate: Industry Include ALL tri- funded (high)
Funding e methods/results; verify . ; . ) .
non-profit); co- . “..". . +independent  als; flag high- 4S: Merck-funded (high)
Source . via ClinicalTrials.gov/ac- . o )
funding arrange- analysis risk in footnotes JUPITER: AstraZeneca
knowledgments g .
ments High: Industry sole (high)
funder
Design, data Low: No industry . .
collection, anal- Detailed role statement role No automatic AIM_HIG'}'I'ODIVI)H primary
Industry Role ysis, manu_scrlpt requwgd_; !ndependenqg Moderate: Materi- e_x_cI_US|on; SeN-  AGCORD: NIH (low)
preparation, of statisticians/DMC criti- als only sitivity analysis .
N . . . HPS2-THRIVE: Merck
publication deci- cal High: Design/anal- by funder type (high)
sions ysis 9
Independent
data momtormg DMC independence + Low: Full transpar- Weighted by
e protocol registration — ency transparency; All A-rated trials: Regis-
Data Access (DMC); raw data L Moderate: Partial ’ )
A low risk; post-hoc anal- test funder ef-  tered protocols + DMC
availability; pre- X . access
yses — high risk fect on HRs

specified analy-
sis plan
Registry-proto-
col concord-
ance; all results 100% concordance re-
Publication published (posi- quired; selective report-
tive/negative); ing — downgrade quality
timing vs stock
price
Compare indus-
try vs public-
funded effect =~ Mandatory sensitivity ~ No adjustment; Primary finding
sizes; publica- analysis by funding  stratify + test inter- robust across
tion bias tests source action funding types
(Egger, funnel
plots)

High: No access

Low: Complete re-
porting
High: Missing neg-
ative results

Sensitivity ex-
cluding high-
risk

Effect Size
Adjustment

ALLHAT-LLT: Complete
reporting (low risk despite
null results)

71% null results PER-
SIST across funders

Protocol Summary: No automatic exclusion of industry trials. Complete inclusion + stratified analyses per

PRISMA/COCHRANE standards. 86% A/B-rated trials demonstrate funding-independent dissociation pattern.



Table S4: Comparative methodological analysis of foundational studies of the lipid paradigm.

Founda- Residual

. . Selection Measure- Reporting Fund- Overall Critical Limita-
tional Design . ] . Confound- " . . .
Bias ment Bias Bias . ing Quality tion
Study ing
HIGH: MODER- HIGH: Post- HIGH: No
; Cherry-pick- ATE: Self- hoc country adjustment Ecological fal-
Seven Ecological (7 . ; ! : X
. . ing countries reported  selection forinflam- NIH lacy: country cor-
Countries countries selected =0.87 diet: lab tradict i bli C (Low) lation # individ
Study [1] from 22) (r=0.87 vs iet; la contradict-  mation,  public relation # individ-
0.62 full da- cholesterol ing hypoth- glucose, ual causality
taset) OK esis smoking
MODER- MODER-

. . ATE: Self- . ATE: Lim- Cholesterol pre-
Framing- Prospective co- LO.W' Popu- reported LOW: Com- ited initial  NIH B (Moder- dictive power
ham Heart - lation-based o plete re- . . .

hort (n=5,209) . diet; lab . inflamma- public ate) disappears >65
Study [5] recruitment porting .. .
cholesterol tion adjust- years
OK ment
HIGH: Se-
RCT (n=3,806 LOW: AMrgDIEci-t vere hyper- 8% cholesterol |
LRC-CPPT ’ ’ LOW: Ran- Standard- ; cholester- NIH B (Moder-with NO mortality
hypercholester- o hoc sub- ; . . o
[3] . domization ized lab pro- olemia not public  ate) benefit (0.4% vs
olemic) group anal- . o
tocol generaliza- 0.4%)
yses ble
MODER-
ATE: Multi-
. . LOW: Na- MODER- LOW: Pre- Cholesterol |
MRFIT [4] Multifactorial RCT =% 1™ ATE: Self- defined pro- P'€ factors  NIH B (Moder- 0 ¢ ortality
(n=361,762) : . but limited public  ate) L ;
screening reported diet  tocol ; | in intervention
inflamma-
tion
. LDL <100 mg/dL
NCEPATP _ . HIGH: 89 Indus- threshold: ex-
11l (2004) P N/A N/A . ; N/A try+ C (Low) panded market
(not RCT) with statin . .
[10] : NIH without new evi-
conflicts
dence
. . MODER- . LOW: 8% fat | with NO
WHI Die-  Dietary RCT ) iy pan. ATE: Die- “CW' Al compre-  NIH . CV benefit (con-
tary Trial (n=48,835 o . endpoints . . A (High) ;
domization tary compli- hensive public tradicts hypothe-
[7] women) reported . .
ance adjustment Sis)

Quality ratings (A/B/C) assigned per standardized protocol (Table S2) using ROB 2 (RCTs) and ROBINS-I (observa-
tional studies) across five bias domains.

¢ A (High): Low/moderate risk across domains; suitable for primary synthesis.
o B (Moderate): 1-2 high-risk domains; sensitivity analysis recommended.
e C (Low): Multiple high-risk domains; sensitivity analysis only.

Key methodological patterns observed:
1. NIH-funded epidemiological studies: Primarily selection/confounding bias due to ecological fallacy and

unmeasured inflammation.
2. Early RCTs (LRC-CPPT, MRFIT): Generalizability limitations despite adequate randomization.

3. Industry-influenced guidelines: Conflicts of interest drive threshold expansion without new causal evi-

dence.

4. Modern RCTs (WHI): Highest quality, directly contradicting lipid hypothesis.



Critical observation: Highest quality evidence (A-rated WHI) provides strongest challenge to cholesterol paradigm,
while lowest quality consensus documents (C-rated NCEP ATP lll) expanded clinical indications.

Bias assessment transparent and reproducible; all studies retained regardless of quality rating per predefined pro-
tocol (no a priori exclusion).

Table S5: Dissociation between cholesterol reduction and clinical outcomes in pharmacological trials.

Trial Intervention LDL Beduc- Primary Endpoint Clinical Out-  Key O_bserva- Quality Rating
tion come tion
- Identical IMT:
- 9 = o -
ENHANCE C2etimibe+ = -56.2% VS - = o otid IMT progres-  0.0111vs /7 T LDLre

Simvastatinvs  39.0% (117% duction — 0% A (High)

[8] Simvastatin greater LDL |) SIS (2 JEE0S) 0?;S§Srr)lm carotid benefit
) . ; | LDL12  Composite CV events _HDLt+LDL |
AIM-HIGH Niacin ER + Statins /g1 + '+ HDL(MI, stroke, CV death, IR 1:02(0.90- "% oy bene- A (High)
[9] vs Statins o o 1.16), p=0.79 .
22% revascularization) fit
. Composite
JUPITER Roswvastatin20mg by go00 4 | Mistroke/cy TR 0:56(0.46-ppp 5 | pL ef-
vs Placebo o : 0.69), | 44% B (Moderate)
[17] CRP 37%  death/revasculariza- fect
(CRP >2 mg/L) tion events
Fenofibrate + | non-HDL Composite CV events TG/non-HDL
ﬁ??:ﬁ?]' Simvastatinvs ~ 10% + | TG  (nonfatal MI, stroke, I-‘:R1 2)99=(ggi' optimization — A (High)
P Simvastatin 20% CV death) 1), P=0- no benefit
i . | LDL 10 HR 1.02 (0.97- Comprehen-
HPS2 Nlap|n * mg/dL + 1 HDL Composite vascular 1.08), p=0.38 sive lipid mod- .
THRIVE Laropiprant + 6 ma/dL + +1 ad lati A (High)
[16] Statins vs Statins mg ! events (+1 adverse  ulation — no
Lp(a) 26% events) benefit
Simvastatin 20-40 Early statins:
as19] , M9vsPlacebo ) 350 Allcause mortality TR O-70(0-58- o efit despite A (High)
(secondary preven- 0.85), | 30% dest LDL
tion) modes !
ALLHAT- Pravastatin vs HR 0.99 (0.89- Minimal LDL |

— no mortality B (Moderate)

usual care (prima LDL 16% All-cause mortalit
LLT[20] o Vo ’ g benefit

prevention) 1.11), p=0.89

Quality ratings assigned per standardized protocol (Table S2) using ROB 2 across five bias domains. All trials retained
regardless of quality per predefined inclusion policy.
Key Patterns Observed:

1. Complete dissociation (5/7 trials, 71%): Despite 10-56% LDL reduction or HDL/non-HDL optimization, HR

0.99-1.02 — no clinical benefit.

2. ENHANCE paradigm case: -56% vs -39% LDL — identical carotid IMT progression (most rigorous LDL-

clinical dissociation evidence).

3. Benéefit trials (JUPITER, 4S): Early intervention + inflammation reduction (CRP |37%, secondary preven-

tion) drive outcomes = LDL effect.

4. Dose-response failure: Greater LDL reduction does NOT yield proportional clinical benefit.

Critical Implications:

o 71% high-quality RCTs fail to demonstrate LDL-clinical causality in target populations.



e 4S8 success (early secondary prevention) vs ALLHAT failure (primary prevention) suggests disease stage

dependency.

o Funding transparency: Industry-sponsored trials assessed via registry-publication concordance (Table 3).

Table S6. Evidence from Mendelian Randomization: Main Genetic Variants and Coronary Risk Reduction.
Effect Size per

Genetic Variant  Study Population LDL-CRe-  CADRisk  Key Mecha- 5, mg/dL LDL Quality Rat-
duction Reduction nism L ing
88-90% [OR
~ ()
PCSK9 LOF (p.R46L) N=3,409 carriers 20 Mg/dL  90% | CAD | oo ¢ function 0.11(0.04- A (High)
(lifetime) risk 0.33)]

Million Veteran

PCSK9 LOF (multi- Program  28-55 mg/dL

o :
75% | CAD  Multiple LOF 75% [OR 0.25] A (High)

ple) (~300,000) risk variants
ApoB ~200,000 (multiple _ 45% | CAD ApoB synthesis R .
(NPCAL1/HMGCR) GWAS) 2wkl risk inhibition CERE A (High)
Lp(a) (LPA Global consortia ~50 mg/dL  35% | CAD . 35% per 50 .
rs10455872) (>100,000) Lp(a) risk  CPAlowering T ardL A (High)
| _ Familial Hyper- . o of ot
AR (FH mono cholesterolemia H!gh — .856.T e Receptor defect il s 2220 A (High)
genic) cohorts lifelong risk (inverse) 50 mg/dL 1
. [\ [\
CETP (rs708272)  -ar9e GWAS - 1 HDL/mod- 20% | CAD prp innipition 20% (Weaker g\ qerate)
meta-analyses est LDL | risk association)

This table presents in a structured format the 6 most important genetic variants studied through Mendelian random-
ization, including:

e PCSK9 LOF (p.R46L) - Loss-of-function mutation with N=3,409 participants showing 90%
reduction in coronary artery disease (CAD) risk per each 50 mg/dL sustained LDL reduc-
tion.

e PCSK9 LOF (multiple) - Analysis of ~300,000 participants from the Million Veteran Program
with 75% CAD risk reduction.

e ApoB (NPC1L1/HMGCR) - Multiple polymorphisms in ~200,000 subjects with 45% risk re-
duction.

e Lp(a) (LPArs10455872) - Lipoprotein(a) with 35% CAD risk reduction

e LDL-R (FH monogenic) - LDL receptor defect in familial hypercholesterolemia with 85% risk
reduction.

e CETP (rs708272) - Cholesterol ester transfer protein with more modest effects (20% reduc-
tion).



