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Background: Validity of Friedewald formula (FF) in patients with serum triglycerides (TGs) <400 mg/dl is unclear.
Materials and Methods: We compared low-density lipoprotein (LDL)-cholesterol calculated by FF to directly measured LDL in a
laboratory database of 14,620 lipid profile samples from south India. Results: LDL by FF correlated with directly measured LDL with
correlation coefficient of 0.89 with the best correlation seen in TG levels 100-150. Higher level of TG (>200) underestimates the LDL
calculated by FF particularly at LDL values <70 mg/dl. On the other hand, LDL is overestimated by FF in more than 70% of cases
at LDL levels >130 mg/dl. Conclusion: We suggest repeating the LDL by direct assay techniques particularly in patients with TG
>200 and when LDL <70 or >130. This helps in correctly stratifying the coronary artery diseases’ (CADs’) risk and goals of treatment.
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INTRODUCTION

Low-density lipoprotein (LDL)-cholesterol, as estimated
by the Friedewald formula (FF) in routine patient care, is
a central focus of clinical practice guidelines throughout
the world. The concentration of LDL is one of the
strongest determinants of cardiovascular risk.! LDL
can be calculated by FF (total cholesterol (T'C) minus
high-density lipoprotein (HDL)-cholesterol minus
triglycerides (T'Gs)/5 in mg/dl) or measured directly in the
laboratory. The FF is not valid for patients with TGs >400
and in patients for type 3 dyslipoproteinemia.” A number
of studies have studied the impact of T'G on the FE These
studies suggest LDL may be underestimated by the FIF at
low LDL levels and higher TG levels.” Limited study
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results from India have reached discordant conclusions on
this topic. A study by Sahu ¢7 4/, noted that the mean LDL
calculated by FF was significantly higher than the direct LDL
measurement at TG between 1 and 300 mg/dl. However,
the study by Gupta ez a/,"" reported underestimation of LDL
by FF at all levels of TG (ranging from 45 to 635 mg/dl).
LDL was measured using direct homogenous assay (Daiichi
Pure Chemicals Co. Ltd, Tokyo, Japan) in both the above
studies. Anandaraja ¢z a/.,* noted that FF overestimated LDL
in subjects with TG <350 mg/dl (LDL was measured using
heparin precipitation method in their study).

Aims
We compared LDL calculated by FF and LDL measured

directly, across various strata of TG, HDL, and LDL in a
large laboratory database from south India.

Settings and design
Retrospective review of laboratory database.

MaTeriALs AND METHODS

Outpatient fasting complete lipid profile (including directly
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measured LDL) for patients >18 years of age performed
between January 2006 and February 2007 was included in the
study. A total of 14,620 separate fasting lipid profiles were
analyzed. Calculated LDL was derived using FI and directly
measured using homogenous assay using liquid selective
detergent (REF 1E31-20 Multigent®). The TG values were
divided into five strata (<100-1, 101-150-11, 151-200-111,
201-400-1V, and >401-V), HDL values were divided into
three strata (<40-a, 40-60-b, >60-c), and LDL was stratified
into five levels (<70-1; 70-99-ii; 100-130-iii; 131-160-iv; and
>160-v). Distribution of LDL and concordance between
LDL strata was compared between directly measured LDL
and that estimated by FI.

Statistical analysis used

Continuous variables were expressed as mean and standard
deviation. Correlation between the LDL by FF and direct
measurement was calculated using Pearson’s correlation and
means were compared using paired Student’s ~test.

REsuLTs

Patients were 51 + 16 years of age and evenly distributed
by sex (56% men). Patients with TG >400 (z = 228) were
excluded from subsequent analysis. The median (interquartile
range) TC was 176 (149-205), TG was 123 (90-169), and
HDL was 42 (36-49). The median (interquartile range (IQR))
LDL calculated by FF was 105.5 (81.4-131.2) and that
by direct method was 95 (74-116) mg/dl. Correlation
coefficient (r) between measured LDL and FF calculated
LDL was 0.89 (P < 0.001) and highest correlation was seen
in TG strata I (r = 0.90).

The median (interquartile range) difference between LDL
by FF and directly measured LDL was 14.8 (3.6-23.2)
in TG strata I (# = 4600), 12.2 (0.15-22.2) in TG strata
II (n = 7562), 6.2 (-7.6 to 18.4) in TG strata 111 (» = 1807),
and 0.4 (-12.4 to 14.4) (n = 423) on TG strata IV. Higher
levels of TG resulted in significant underestimation of LDL
values by FF ( P < 0.001) [Figure 1]. This underestimation
was more prevalent at the LDL <70 mg/dl

HDL levels did not have an independent effect on the LDL
calculated by FF ( P = 0.203). Concordance of the LDL strata
between calculated and directly measured LDL across various
LDL and TG strata is shown in Table 1. There was a more
than 70% overestimation of risk strata by FFF in LDL strata iv
and v, while there was an underestimation of risk strata by FF
in 16% of samples in LDL strata i and TG strata IV,

Limitations
We did not have access to clinical characteristics of patients
in our sample or clinical outcomes; treatment groupings and

TGL strata
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Figure 1: Differences between FF calculated LDL and directly measured
LDL in the y-axis against the across various strata of TG* and LDL" in the
x-axis expressed as box-plots (whiskers indicating 5th-95th centile). @ =TG
strata: <100 - I, 101-150 - I, 151-200 - lll, 201-400 - IV, >401 -V; 9= LDL
strata <70 - i, 70-99 - ii, 100-130 - iii, 131-160 - iv, >160 - v

Table 1: Concordance (and discordance) of the LDL
strata between FF and directly measured LDL across
various LDL and TG strata

Number % Concordant % Discordant % Discordant

of (over- (under-
patients estimated) estimated)

LDL strata

i 2,155 84 - 16

ii 4,174 66 24 10

iii 4,288 43 49 7

iv 2,603 26 70 4

\Y 1,172 26 74
TG strata

| 4,600 50 45 5

Il 4,926 50 43

1 2,636 50 39 11

v 2,230 54 30 16

LDL: Low-density lipoprotein, TG: Triglyceride, FF: Friedewald formula

potential implications were inferred based on lipid profile
only. It is unknown whether patients in our sample were
receiving statin therapy.

DiscussioN

Our large laboratory database analysis has revealed
important results, which explains some of the discrepancies
noted in the previous studies. We found that calculated
LDL by FF can underestimate LDL (in compatison to
directly measured LDL) at lower levels of LDL and higher
levels of TG. However, FF overestimates LDL at higher
strata of LDL. Our results mirror similar conclusions
reached by Martin e/ 4/, and Mora e/ a/P' Martin et al.,
looked into 1,310,440 total patients and 191,333 patients
with Friedewald LDL <70 mg/dl and noted that a greater
difference in the Friedewald-estimated versus directly
measured LDL occurred at lower LDL and higher TG
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levels. They noted that if the Friedewald-estimated LDL
was <70 mg/dl, the median directly measured LDL was
9.0 mg/dl higher (5"-95" percentiles, 1.8-15.4 mg/dl)
when TG levels were 150-199 mg/dl and 18.4 mg/dl
higher (57-95" percentiles, 6.6-36.0 mg/dl) when TG levels
were 200-399 mg/dLP Mora ¢z al., in their prospective study
of 27,331 initially healthy women, noted that mean direct
LDL was lower by approximately 5-10 mg/dl compared
with Friedewald LDL.!" While all the samples in our study
were collected in the fasting state, Mora ¢7 a/., showed that
21% of patients were classified into a lower-risk category
by direct LDL measured in the non-fasting state.

The result of the current study becomes clinically relevant
in two ways. Patients who have their LDL underestimated
may lead to delay in initiation of adequate lipid-lowering
therapy in high-risk patients as the practitioner is led to
believe that the calculated LDL is indeed low, when it is not.
On the other hand, when LDL is overestimated at higher
levels, placing the patient in a higher risk strata, it results
in unnecessary pharmacological therapy. Rechecking the
LDL by standardized, direct assay techniques, patticularly
in patients with TG >200 and LDL <70 or >130 can
correctly stratify the risk.

CONCLUSIONS

FF correlated with directly measured LDL with
correlation coefficient of 0.89 with the best correlation
seen in TG levels 100-150. Higher levels of TG (>200)
underestimates the LDL by FF particularly at LDL <70.
On the other hand, LDL is overestimated by FF in more
than 70% of cases at LDL levels >130 mg/dl. We suggest
repeating the LDL by direct assay techniques particularly
in patients with TG >200 and when LDL <70 or >130.
This helps in correctly stratifying the CAD risk and goals
of treatment.
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