
Clinical Decision Tool Reviews 

Modified Sampson-NIH LDL-C Equation 
Rahul Aggarwal 

Evidence to Action: Official Journal of MDCalc 
Vol. 022026, Issue 01, 2026 

Article Information 
Keywords: Cholesterol, low-density 
lipoprotein cholesterol, lipids 

https://doi.org/10.65357/
001c.160253 

Abstract 
The Modified Sampson–NIH LDL-C equation is a tool for estimating 
low-density lipoprotein cholesterol (LDL-C). Designed to improve upon the 
original Sampson equation, this updated model demonstrates improved accuracy, 
particularly at lower LDL-C thresholds (55 mg/dL and 70 mg/dL). The equation 
was developed with β-quantification, the gold standard for LDL-C measurement. 
While it is an extension of the well-known Sampson-NIH LDL-C equation, 
because it involves an update to the model, further validation should be 
considered and these limitations recognized before using. 

i. how to use 

When to Use 

Used to determine low-density lipoprotein cholesterol 
(LDL-C) from a lipid profile collected from a patient 
when direct LDL-C is not obtained or measured (please 
see validation concerns prior to use). 

Pearls / Pitfalls 

The Modified Sampson–NIH LDL-C equation was de
veloped to improve estimation of LDL-C, particularly 
at lower LDL-C levels, building on prior advances over 
the Friedewald formula. While analyses suggest improved 
performance within the derivation datasets, several lim
itations should be considered. The major limitation is 
that while developed and validated using large datasets 
from the Mayo Clinic and the FOURIER trial, the equa
tion’s generalizability to diverse populations and clinical 
settings beyond these cohorts remains to be established 
through independent external validation. Its accuracy 
may be reduced when LDL-C levels exceed 300 mg/dL, 
making it less reliable in patients with very high LDL-
C concentrations. Although it improves estimation near 
lower clinical LDL-C thresholds (55 and 70 mg/dL), its 
performance has not been validated for triglyceride levels 
above 1000 mg/dL or in conditions like dysbetalipopro
teinemia, limiting its use in severe hypertriglyceridemia or 
rare lipid disorders. In patients with elevated triglycerides 
(≥400 mg/dL nonfasting), repeat fasting lipid measure
ments may help reduce variability associated with non
fasting states. As with all estimation formulas, it remains 
an indirect method and may not replace direct LDL-C 
measurement in complex cases or research contexts (e.g., 
very high triglyceride levels such as >1000 mg/dL and 

specific lipid conditions). The study may overestimate 
the accuracy of LDL-C equations because it first uses 
the gold-standard method β-quantification to define low 
LDL-C. rather than testing whether the formulas would 
have correctly identified those patients on their own. Ad
ditionally, the accuracy of different equations including 
Martin/Hopkins, Friedewald, and NIH-Sampson are de
bated (e.g., some studies suggest Martin/Hopkins may 
outperform NIH-Sampson (Samuel et al. 2023, Shi et al. 
2022) 

Why to Use 

The Modified Sampson–NIH calculator could be con
sidered for LDL-C estimation from a standard lipid pro
file. It improves treatment decisions by reducing misclas
sification at key clinical LDL-C thresholds (55 mg/dL 
and 70 mg/dL) compared to the original Sampson-NIH 
calculator and has been designed for triglyceride values up 
to 1000 mg/dL. Further validation, however, is necessary 
before widespread use. 

ii. next steps 

Advice 

Always input values in mg/dL to ensure correct calcu
lation. The Modified Sampson–NIH equation suggests 
improved accuracy when LDL-C is low (<70 mg/dL) 
compared to the original formula but should be avoided 
if triglyceride levels exceed 1000 mg/dL, as it has not been 
validated in that range. Additionally, it should be used 
with caution as further external validation outside of the 
original cohort is necessary. 
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Management 

LDL-C levels can be used to guide initiation and intensi
fication of lipid-lowering therapy. 

Treatment thresholds for LDL-C vary for primary and 
secondary prevention, along with patients with certain 
concomitant conditions (e.g., diabetes, coronary artery 
calcifications). Consider applying criteria from the 2018 
ACC/AHA cholesterol guidelines or the 2022 ACC ex
pert cholesterol consensus when deciding to initiate or in
tensify lipid lowering therapy. 

Critical Actions 

Not applicable. 

iii. evidence 

Evidence Appraisal 

The Modified Sampson–NIH equation was developed 
using lipid panel data from the Mayo Clinic (n = 24,590) 
and the FOURIER trial (n = 9,605). Data were split 
evenly into training and validation cohorts. LDL-C was 
modeled against the reference standard β -quantification, 
using least-squares regression to optimize equation fit. 

Designed to improve upon the original Samp
son–NIH equation—particularly at low LDL-C lev
els—the modified version demonstrated superior perfor
mance. It achieved a concordance correlation coefficient 
of 0.992, outperforming the original Sampson, Mar
tin–Hopkins, and Friedewald equations. 

When assessed at key clinical LDL-C thresholds, the 
modified Sampson-NIH equation showed higher agree
ment by kappa analysis at both 55 mg/dL (κ = 0.98, P < 
0.001) and 70 mg/dL (κ = 0.97, P < 0.001), compared to 
other equations (range: 0.92–0.96). It also demonstrated 
a lower false classification rate and improved correct pa
tient classification by approximately 10–20%, supporting 
its utility in decision-making around lipid-lowering ther
apy. 

A subsequent study by Meeusen and colleagues in
cluded 181 measurements from patients with triglyc
erides >=400 mg/dL or with triglycerides >=150 mg/dL 
and LDL-C<70 mg/dL. Modified Sampson-NIH had 
the highest correlation and least bias with beta quantifi
cation (median bias ~3-5 mg/dL) compared to Martin-
Hopkins and direct LDL-C measurement. Overall, these 
data support the use of the modified Sampson-NIH 
equation, with well-validated performance for LDL-C 
determination. The study uses large, well-defined datasets 
with LDL-C calculations compared with gold-standard β 
-quantification. 

Rating: The Modified Sampson–NIH LDL-C equa
tion is a formula supported by lipid metabolism princi
ples and derivation. It has been compared against gold-
standard LDL-C measurements, demonstrating 

improved accuracy, particularly at low LDL-C levels and 
moderate triglyceride ranges (<1000 mg/dL). However, 
it assumes stable, fasting lipid levels and is less accurate 
in extreme hypertriglyceridemia. The formula, however, 
requires further validation as the original study used the 
same datasets for derivation and validation. 

Formula 

nonHDL-C = TC – HDL-C 
TC= total cholesterol, TG= triglycerides, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-
density lipoprotein cholesterol 

Facts & Figures 

Not applicable 
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