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Variability in cholesterol measurements:
comparison of calculated and direct LDL

cholesterol determinations
GORDON SCHECTMAN,l* MICHAEL PATSCHES,2 and EDWARD A. SASSE3

Calculated low-density lipoprotein cholesterol (LDL-C)

concentrations determined from the Friedewald equation

have a large mtraindividual CV, in part because the calcu-
lation incorporates the variability of cholesterol, high-den-

sity lipoprotein cholesterol (H])L-C), and triglyceride mea-
surements. We studied whether a new assay that measures
LDL-C directly will reduce this variability and reduce the

need for averaging serial specimens. Four blood samples
were obtained 1 week apart from 35 mildly hypercholester-
olemic subjects and analyzed for total cholesterol, triglyc-
erides, and HDL-C. LDL-C was calculated by the Friede-
wald equation, and was also measured directly with a

commercially available direct LDL-C assay. The intraindi-
vidual CV for the direct and calculated LDL-C assays were
similar [CV of direct LDL-C assay (mean ± SE): 6.8 ± 0.5%
vs calculated LDL-C: 7.3 ± 0.6%; difference 0.44%, 95%
confidence interval: -0.7-1.5%]. For both assays, at least
two blood tests were required from each subject to reduce
total variability of LDL-C to 5%. We conclude that the

direct LDL-C assay did not reduce the variability in LDL-C
compared with the conventional LDL-C calculation. How-

ever, it may have a specific role in lipid disorder evaluation
and (or) monitoring when triglycerides are increased or the

LDL-C value alone is needed.

INDEXING TERMS: hypercholesterolemia . Friedewald equation.

HDL cholesterol . triglycerides . VLDL cholesterol . analytic

variability #{149}biologic variability #{149}methods comparison

Hypercholesterolemia is one of the most common risk factors

for cardiovascular disease. By applying National Cholesterol

Education Program (NCEP) guidelines [1] to the US popula-
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tion, >41% of American adults are estimated to have increased
low-density lipoprotein cholesterol (LDL-C) concentrations

requiring further evaluation, and 13 million are likely to require

cholesterol-lowering drug therapy [2]. These national guide-
lines stress the importance of utilizing both diet and drug

therapy, if necessary, to achieve LDL-C target concentrations.

Therefore, accurate and precise estimations of patients’ LDL-C

concentrations are necessary to appropriately identify individu-

als with hypercholesterolemia and to monitor response to diet

and drug treatment.
For clinical purposes, LDL-C is generally determined from

the Friedewald equation, which assumes that the amount of

cholesterol in very-low density lipoproteins (VLDL) can be

estimated by dividing the blood triglyceride concentration by a
factor of five [3].The Friedewald equation correlates well with

LDL-C concentrations determined by ultracentrifugation if

blood triglyceride concentrations are <4.52 mmol/L (400 mg/
dL) [3].However, the reliability of the LDL-C calculation
depends upon the accuracy and precision of total cholesterol,

high-density lipoprotein cholesterol (HDL-C), and triglyceride

measurements. Poor analytic precision in any or all of these

measurements will contribute to the variability observed in

LDL-C concentrations. The biologic variability inherent in

each of the three lipid measurements will also contribute to the

total variability of the LDL-C concentration when the Friede-

wald equation is used. In particular, the biologic CV of blood

triglyceride concentrations may be �20% and may interfere
with the reliability of the LDL-C calculation. Biologic variation

is also a major component of the variability in HDL-C mea-

surements, and is frequently in the range of 7-8%. Although

analytic variability can often be reduced with methodological

advances in the laboratory, sources of error introduced by

excessive biologic variability are not easily overcome.
The total variability for LDL-C measurements calculated by

the Friedewald equation has been reported to be as high as 9.6%

Nonstandard abbreviations: LDL-, HDL-, VLDL-C, LDL, HDL, and
VLDL cholesterol, respectively; and NCEP, National Cholesterol Education

Program.
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[4, 5], which implies that individual LDL-C readings could vary

by up to 40% (±2 SD) from one measurement to the next by

chance alone. The usual approach to reduce this variability is to

calculate the mean of several serial specimens [6, 7]. For exam-
ple, to decrease the LDL-C CV to 5%, a level adequate to detect

most LDL-C responses to diet and drug therapy, at least two,

and as many as five, serial blood specimens may have to be

analyzed and averaged [8].

To address these limitations of the Friedewald equation, a

direct LDL-C assay has been developed. By using solid-phase

immunocapture, HDL-C and VLDL-C are removed by centrif-

ugation. The LDL-C remaining in the filtrate is quantified by

an enzymatic cholesterol assay. The accuracy of this method

compared with both standard ultracentrifugal techniques and

the Friedewald calculation has been favorable, with an analytic

imprecision of <5% [9]. Because this assay measures LDL-C

independently of other lipid fractions, it may potentially reduce

the variability introduced into the Friedewald equation from the

cumulative analytic and biologic variability of triglyceride,
HDL-C, and total cholesterol measurements. For this reason, a

direct assay of LDL-C may be a more useful test even when

triglyceride concentrations are not markedly increased. For
example, decreasing the variability of LDL-C measurements

may reduce the number of serial specimens necessary to accu-

rately reflect LDL-C concentrations in a patient.
This study assesses the variability in serial lipid measure-

ments from hypercholesterolemic subjects obtained under basal

conditions, and examines whether the analytic, biologic, and

total variability of LDL-C will be reduced by using the direct
LDL-C assay compared with LDL-C calculated from the

Friedewald equation. Decreased test variability will improve

clinical decision making, and may reduce the frequency with
which the test must be repeated to accurately assess the response

to an intervention.

Subjects and Methods
SUBJECTS

Subjects were recruited from employees and patients of the

Milwaukee Veterans Affairs Medical Center. Subjects were
included if they met the following conditions: (a) age <70 years,

(b) total cholesterol >5.17 but <7.76 mmolJL, and (c) triglyc-
erides <3.39 mmoVL. To be included, dietary habits, exercise

patterns, and body weight had to be stable for 3 months before

study entry. Volunteers were excluded for taking any lipid-

lowering medication, hormones, or immunosuppressive medi-

cations for 3 months before the study, and for the presence of

hypothyroidism, diabetes, nephrotic syndrome, or renal insuffi-

ciency. Medication changes were not permitted during the study
period, and subjects were encouraged to continue their custom-

ary diet or exercise patterns.

Between May and June 1994, 125 men <70 years old were
screened for participation. Of the volunteers screened, 63 were

excluded because their cholesterol fell outside the required

range, and 24 were ineligible because of hypertriglyceridemia.
Three additional subjects were excluded because of fasting

hyperglycemia. Two subjects were included only after lipid-

lowering drugs had been discontinued for >3 months. A total of

35 subjects successfully completed the screening protocol,

signed informed consent, and were included in the study.

METHODS

Study design. Subjects were instructed to have four fasting blood

tests 1 week apart performed at the Milwaukee Veterans Affairs

Medical Center clinical laboratory. Before each blood test,

subjects were weighed and queried concerning any changes in

diet or exercise patterns. The Medficts Dietary Assessment

Questionnaire [1] was administered at each study visit, and a

dietary adherence score determined. The study was concluded

after the fourth visit. The total duration of the study, including

an initial screening visit, was 6 weeks. The study was approved

by the Human Research Review Committees of the Medical

College of Wisconsin and the Milwaukee Veterans Affairs

Medical Center.

Bloodcollection. Blood was obtained with a tourniquet applying

gentle pressure, with the subject in the seated position after a

12-h fast. All laboratory tests were performed on serum at the

Clinical Chemistry Laboratory at the Milwaukee Veterans

Affairs Medical Center, using identical procedures for all pa-

tients.

Friedewald calculation. For total cholesterol, HDL-C, and tri-

glyceride measurements, a Beckman Synchron CX7 automated

chemistry analyzer with Beckman reagents was utilized (Beck-

man Instruments, Brea, CA). This instrument system involves

standard enzymatic assays for cholesterol and triglycerides, as

previously described [10, 11]. l-IDL-C was measured as de-

scribed for total cholesterol after the precipitation of VLDL-C
and LDL-C with phosphotungstate and magnesium [12/. Cali-

bration of the cholesterol assay is referenced to Veterans Affairs

National Clinical Laboratory Standardization Program, which is

part of the National Reference Method Laboratory Network

established by the Centers for Disease Control as part of the

National Reference System for cholesterol. This certification

requires accuracy and precision of s3%.

To calculate LDL-C, the Friedewald equation was used, with

VLDL-C estimated by dividing blood triglycerides by five [3].

Direct LDL-C assay. The direct LDL-C measurement was

performed by personnel in the Clinical Chemistry Laboratory at

the Milwaukee Veterans Affairs Medical Center by using the

direct LDL-C assay kit provided by Sigma Diagnostics (St.

Louis, MO). This kit consists of an LDL-C reagent, two

controls, and LDL-C separation tubes. The LDL-C reagent is

composed of latex beads coated with affinity-purified goat

polyclonal antisera to specific human apolipoproteins. The assay

was performed as recommended by Sigma Diagnostics, and

includes the following steps: (a) placing the LDL-C reagent into

the inner compartment of a separation tube, (h) adding 30 j.tL of

a specimen into the inner compartment containing the LDL-C
reagent, (c)mixing and then incubating at room temperature for

5-10 mm, (d) centrifuging at 2200g for 5 mm, and (e) discarding

the inner compartment and assaying the filtrate solution re-
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Table 1. Mean concentrations and analytic, biologic, and total variability (CV) of lipid measurements derived from four

specimens obtained weekly from each of 35 subJects.
CV, %

Lipid measurement

Total cholesterol
HDL-C

Triglycerides
LDL-C (Friedewald)
LDL-C (direct)

Mean ± SD, mmoi/L

6.0 ± 0.7
ii. ± 0.2
1.4 ± 0.7

4.3 ± 0.6
4.2 ± 0.6

Analytic

2.0

2.5

2.1
2.4
1.5

Biologic

4.7 ± 2.5

6.4 ± 4.3

19.6 ± 7.4
6.6 ± 3.6
6.5 ± 3.5

Totaltest

5.4 ± 2.3

6.9 ± 3.9
20.1 ± 7.3

7.3 ± 3.4

6.8 ± 3.2

maining in the outer compartment with the cholesterol enzy-

matic assay.

Determination of components of analytic, biologic, and total test

variability.Analytic variance (Va) was determined by dividing

serum obtained from two subjects into 31 aliquots, storing at
-20 #{176}C,and measuring lipids (total cholesterol, HDL-C, tri-

glycerides, calculated LDL-C, and direct LDL-C) daily (Mon-

day through Friday) without replications on freshly thawed

aliquots over 6 weeks. Although a consistent negative bias

increasing with storage time has been reported when samples

frozen at -70 #{176}Care analyzed with the direct LDL-C assay [9],

we report an interassay CV of 1.5% using specimens frozen at

-20 #{176}C,which compares favorably with that reported by others

using fresh specimens [9]. However, it is possible that the

analytic variability may have been slightly overestimated by

performing serial measurements on thawed, rather than fresh,

samples.

For each subject, biologic variation (Vi,) was determined for

total cholesterol, HDL-C, triglycerides, and LDL-C by using

the formula: V1, = V, - V., [13], where V, is the intraindividual
variance of the test observed in the four serial specimens

obtained for each subject, and V is the analytic (interassay)
variability. The CVs of the biologic and total variability (CVh

and CV,, respectively) were determined by taking the square

root of the variance for each test, dividing by the patient mean,

and multiplying by 100. The mean CV, and CVI, for all subjects

are presented in Table 1.
On the basis of the V, determined for a single specimen, the

potential for the mean value derived from serial specimens to

reduce total variability of LDL-C was estimated by dividing the

observed test variability of a single specimen by the number of

serial specimens obtained [14, 15].

Statistical analysis. The biologic and total variability between

calculated and direct LDL-C were compared by using the paired

t-test. Correlations between lipid measurements were assessed

by using the Pearson correlation coefficient. One-way ANOVA

for repeated measures was used to detect differences in dietary
adherence scores and weights between visits. In the text, the

term “variability” refers to the CV unless otherwise stated.
To detect a difference in total variability >1.5%, we deter-

mined that a sample of 35 subjects should be sufficient to achieve

an a and 13 error of <0.05 and <0.10, respectively. We
estimated that smaller differences were unlikely to be clinically
relevant for decision making at the clinical level.

Results
The mean age of study subjects was 52 ± 13 years (mean ± SD).

Of the study population, 40% were hypertensive, 14% smoked,

3% had coronary heart disease, and 46% were taking at least one

medication (range one to six: mean ± SD 2.5 ± 1.2). The mean

body mass index was 27.7 ± 3.2. Food scores and weights were

unchanged between study visits.

Mean total cholesterol, HDL-C, triglycerides, and LDL-C
values for the 35 subjects are shown in Table 1 and reflect mild

hypercholesterolemia. The calculated LDL-C showed a strong

correlation with the direct LDL-C assay (r = 0.95, P <0.001),

but was, on average, 2.5% lower than the LDL-C measured
directly (mean ± SE 4.30 ± 0.10 rnmol/L vs 4.20 ± 0.10, P =

0.002). The CV., for total cholesterol, triglyceride, and HDL-C

measurements was <3%, and for the LDL-C calculation was

2.4%. The CV for the direct LDL-C assay was 1.5%.

Mean biologic and total variability computed for each subject

are presented in Table 1. The total CVs for the direct and

calculated LDL-C were 6.8% and 7.3%, respectively, and were

not significantly different when evaluated by either the CV

[direct LDL-C (mean ± SE): 6.8 ± 0.5% vs calculated LDL-C:

7.3 ± 0.6%; difference 0.44%, 95% confidence interval: -0.7-

1.5%I or the variance (direct LDL-C: 0.12 ± 0.02 mmolIL vs

calculated LDL-C: 0.09 ± 0.01 mmol/L; difference 0.03, 95%

confidence interval: -0.01-0.06 mmol/L). The biologic vari-

ability was also not significantly different between direct and

calculatedLDL-C as assessed by comparing either the CV (6.5
± 0.6 vs 6.6 ± 0.6%; difference 0.07%, 95th confidence

interval: -1.0-1.2%) or the variance (0.11 ± 0.02 mmol/L vs

0.09 ± 0.01 mmol/L; difference 0.0 19, 95th confidence interval:
-0.02-0.05 mmol/L). The biologic variability was higher than

the analytic variability for all lipid measurements, and contrib-

uted to most of the total variability. This was particularly true

for triglycerides, where both the biologic and total variability

were -20%.

To assess the relative contribution of total cholesterol,

triglycerides, and HDL-C variability to the variability of

LDL-C, we determined the correlation between total variability

in LDL-C with the variability in these other lipid measurements
(Table 2). The total variability of total cholesterol was signifi-

cantly associated with the variability of calculated LDL-C (r =

0.76, P <0.001). However, the variability in either triglycerides

or HDL-C did not contribute significantly to the observed

variability in calculated LDL-C determinations. For the direct
LDL-C assay, the variability in total cholesterol was associated

with the variability in direct LDL-C measurements, but to a
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Table 2. BIologic and analytic variability of Friedewaid and direct LDL measurements: correlation with total variability In
total cholesterol, HDL..C, and triglycerides.

Correlation between:

Upid measurement Friedewald Direct Fuledewald Direct
Total cholesterol 0.12 -0.32 076b 0.42e
HDL-cholesterol 0.06 0.19 -0.10 0.11
Triglycerides 043b 0.11 0.01 0.15

lesser extent than for the calculated LDL-C value (r = 0.42, P

= 0.02). The mean triglyceride concentration for each patient

was also significantly associated with the total CV of the

calculated (r = 0.43, P = 0.009), but not the direct (r = 0.11, P

= 0.41), LDL-C.

On the basis of the test variability observed for the calculated

and the direct LDL-C, we estimated the ability of serial

specimens to reduce total variability (Fig. 1). Averaging the

concentration of two LDL-C specimens rather than one re-

duced the total variability from -7 to 5%. Obtaining additional

specimens produced diminishing reductions in LDL-C variabil-
ity. The total variability of the direct and calculated LDL-C
value were similar for any number of specimens obtained.

Because of the large variability in calculated LDL-C mea-

surements, current NCEP guidelines suggest that decision

making be based on the mean of two LDL-C concentrations,

and recommend obtaining a third LDL-C measurement if the
first two concentrations differ by >0.78 mmoltL [I]. Among our

subjects, 9% (3 of 35) would have required a third measurement

with the calculated LDL-C, and 6% (2 of 35) required a third

measurement with the direct assay (P = not significant, y).

Discussiou
Because the calculated LDL-C is derived from total cholesterol,

triglycerides, and HDL-C measurements, one may expect that

the considerable variability of these three measurements would

contribute directly to the observed variability in the calculated
LDL-C value. By determining LDL-C directly, the dependence
upon three separate and relatively variable lipid measurements,

total cholesterol, HDL-C, and triglycerides, is eliminated. In
spite of this, however, we found that the direct LDL-C assay did

not have significantly lower biologic or total variability of

LDL-C compared with the calculated LDL-C. The analytic

precision of the direct LDL-C assay was excellent, meeting the

precisioncriteriasetfortotalcholesterolof � 3% and perform-

ing better than reported for other direct LDL-C assays involv-

ing chemical precipitation methods [16]. The analytic variability

for total cholesterol, HDL-C, triglycerides, and the calculated

LDL-C measurements were also <3%, comparing favorably

with most previously published reports [5].On the other hand,
the high biologic variability present in LDL-C measurements
increased the total variability of both the calculated and direct

LDL-C estimations. The total variability (CV) for either mea-

surement was -7%. To reduce this CV for the test to 5%, at
least two specimens would be required. Because the direct

LDL-C assay did not reduce the total variability for LDL-C,

serial specimens remain necessary to reliably determine an
individual’s LDL-C concentration even when using the direct

LDL-C assay.

Because the calculated LDL-C value incorporates the ana-

lytic and biologic variability inherent in three separate lipid

measurements, it is surprising that the direct LDL-C assay was

not more precise than the calculated LDL-C determination. In
particular, the total variability for both HDL-C and triglyceride

I

8

7

6

5

4

2

Fig. 1. Effect of serial specimens on reducing total variability for LDL-C
measurements.
E, Direct LDL-C measurements:0, calculated LDL-C measurements.
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measurements was greater than the total variability present for

the direct LDL-C assay. 1-lowever, despite the larger total

variability present in HDL-C and triglyceride measurements,
only the variability derived from total cholesterol determination

was significantly associated with the variability of the calculated

LDL-C. This suggests that an accurate and reliable total

cholesterolmeasurement isofprimary importance toensure the

accuracy and precision of LDL-C estimations with the Friede-

wald formula. Recommendations to improve both accuracy and

precision of the total cholesterol concentration to CVs of <3%

have been formulated [17], and will help to ensure the reliability

of the calculated LDL-C determination.

An examination of the Friedewald equation suggests why
neither triglyceride nor HDL-C variability is an important

determinant of LDL-C variability. By dividing blood triglycer-
ide concentrations by 5 to estimate \TLDLC, the equation

limits the impact of triglyceride variability on the LDL-C

measurement. Further, both HDL-C and VLDL-C concentra-

tions are usually less than half of LDL-C concentrations, also

diminishing their impact on calculated LDL-C variability.
Therefore, increasing triglyceride concentrations are likely to

add progressively more variability to the calculated LDL-C
measurement. Consistent with this explanation was the presence

of a significant positive correlation between blood triglyceride

concentration and calculated LDL-C variability (r = 0.43 P =

0.009), but not between blood triglyceride concentration and

direct LDL-C variability (r = 0.11, P = 0.41).

When should the direct LDL-C measurement be ordered?

In patients with triglycerides >4.52 mmol/L, VLDL-C cannot

be estimated accurately, and the calculated LDL-C becomes less

accurate and precise [18]. The calculated LDL-C may also be

less reliable in patients with type II diabetes [19] and liver disease

[20], possibly because of the propensity towards increased blood

triglycerides in these illnesses. On the other hand, the direct

LDL-C assay accurately measures LDL-C with triglyceride

concentrations to 9.03 mmol/L or higher [21]. Patients requir-

ing lipid determinations while not fasting may have increased

triglyceride concentrations and may also benefit from a direct

LDL-C measurement.
Because the performance of the direct LDL-C assay was

comparable with the calculated LDL-C determination, cost may

be an important factor determining which assay to use. An

informal survey of charges in five commercial laboratories in

Wisconsin that have used the direct LDL-C assay for >6

months show a range for the direct LDL-C assay from $30 to

$45 (mean $36), and for a lipid “panel” (total cholesterol,

HDL-C, triglyceride measurements, and calculated LDL-C) of

$40 to $68 (mean $57). Although the direct LDL-C assay is less

expensive than the calculated LDL-C value, it does not provide

the additional information of triglyceride and HDL-C measure-

ments. When this additional information is important, and the

triglycerideconcentrationsare <4.52 mmol/L, a routine lipid
panel and calculated LDL-C are probably sufficient (Fig. 2).

However, if the triglycerides may potentially increase above this

concentration, or if only the LDL-C concentration is required,
then the direct LDL-C assay should be the test of choice.

According to currentrecommendations forlipid monitoring

Clinician Requires LDL Cholesterol
to Evaluate or Monitor Therapy

Yes Are TG and HDL No
/.{Iso necessarY7i....,

Yes (re TG likely t’\ No
) be >4.52/ ________

Obtain Obtain

Direct LDL

Charge: Charge:
$70-lb $40-65

Fig. 2. Algorithm to determine selection of direct vs calculated LDL-C.

1G. triglycerides; direct LDL, direct LDL assay: lipid panel, standard panel
including total cholesterol, HDL-C, triglyceride, and calculated LOL measure-
ments.

in the hypercholesterolemic patient, triglyceride and HDL-C
determinations, in addition to LDL-C, should be obtained

yearly, whereas total cholesterol can be used to assess therapeu-

tic effectiveness at interim visits [1]. The direct LDL-C assay is
less expensive than the standard lipid panel, yet provides a more

accurate assessment of LDL-C than does the total cholesterol

alone. Therefore, the direct LDL assay may have a role in

routine monitoring of hypercholesterolemia therapy when tri-

glyceride and HDL-C values are not required.
A potential limitation of these recommendations is that our

findings may not extend to lipid abnormalities not evaluated in

this study. In particular, patients with triglyceride concentra-

tions between 3.39 and 4.52 mmol/L may have sufficiently large

biologic variability to significantly influence the variation of

calculated LDL-C to a greater extent than suggested by our

results. Similarly, inclusion of more subjects with higher

HDL-C concentrations may also increase the variability of the

calculated LDL-C value, rendering the direct LDL-C assay a
better test. In these settings, further study will be required to

determine the comparability of the two assays.

In conclusion, the direct LDL-C assay does not reduce the

variation in LDL-C compared with the conventional LDL-C

calculation. Therefore, serial specimens are still necessary to
accuratelyassess LDL-C values and gauge response to therapy.

However, because the direct assay is accurate even when tri-

glycerides are increased, and because it allows a less expensive

assessment of LDL-C (as an isolated test) than does the standard

lipid panel, it appears to have a potentially useful role in lipid

disorder management.
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