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Low-density lipoprotein cholesterol (LDL-C) is the primary target of lipid-lowering therapy. However, all lipoproteins

containing apolipoprotein B (apo B) appear to be atherogenic. Preferred targets of therapy therefore may include either

the cholesterol in all apo B–containing lipoproteins (non-high-density lipoprotein cholesterol [non-HDL-C]) or total apo B

itself. Apo B can be measured by three methods: chemically, by nuclear magnetic resonance (NMR), and by

immunoassay. This study compares the first two methods as a function of the number of metabolic risk factors in

patients with metabolic syndrome. Plasma lipid, lipoprotein cholesterol, and apo B levels were measured in 274 adults

with varying numbers of metabolic syndrome components. Low-density lipoprotein (LDL) particle sizes were measured

by gel electrophoresis and by NMR. Total apo B was estimated chemically and by conversion of NMR lipoprotein particle

number, assuming one apo B molecule per lipoprotein particle. As the number of metabolic syndrome components

increased, apo B rose by both chemical and NMR methods, but by chemical methods, increases were in the triglyceride-

rich fraction, whereas by NMR, they were in LDL. The correlation between total apo B measured by the two methods was

only moderate (r 5 .73). Further, non-HDL-C was more highly correlated with total apo B measured chemically than either

LDL-C or total apo B by NMR. Non-HDL-C correlates highly with total apo B in patients with metabolic syndrome and had

advantages as a target of therapy over LDL-C or NMR apo B.
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Currently, low-density lipoprotein cholesterol

(LDL-C) is the primary target of lipid-lowering

therapy,1 yet all apolipoprotein B (apo B)–containing

lipoproteins, including triglyceride-rich lipoproteins

(TGRLPs), appear to be atherogenic.2 For this reason,

the National Cholesterol Education Program (NCEP)

indicated that non-high-density lipoprotein cholesterol

(non-HDL-C) is a secondary target of therapy, after

LDL-C, in patients with elevated triglycerides.1 This

accords with recent reports that non-HDL-C is a

stronger predictor of coronary heart disease than is

LDL-C.3–6 Other studies put the priority on total apo

B as the preferred target of therapy.2 Moreover,

measurement of low-density lipoprotein (LDL) parti-

cles, either LDL particle number or LDL particle size,

may provide useful predictive information.7,8

In this article, we compare two methods for

measurement of total apo B in patients with and

without metabolic syndrome.9 One method measures

total apo B chemically by adding apo B in LDL and in

TGRLPs after ultracentrifugal separation. The other

counts lipoprotein particles by nuclear magnetic

resonance (NMR). Particle concentration can readily

be converted to apo B concentration assuming one apo

B molecule for every LDL and TGRLP. The most

widely used method for estimating total apo B is

immunoassay.10 But immunoassay has the disadvantage

of variable immunoreactivities of apo B in different

lipoprotein subfractions and difficulties in standardiza-

tion.11 If NMR apo B could be shown to be accurate,

it could have an advantage over immunoassay.
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Methods

Subjects

Two hundred seventy-four adults from the

Veterans Affairs Medical Center at Dallas participated

in a cross-sectional study designed to quantify total apo

B and its distribution among lipoprotein fractions as a

function of the number of metabolic syndrome

components. These components were defined by

NCEP criteria.1,9 Subjects had clinical assessment,

anthropometry, and blood drawn after a 12-hour fast

for measurement of plasma lipids, lipoproteins, and

apolipoproteins. The study was approved by our

institutional review board.

Laboratory Measurements

Plasma total cholesterol, triglyceride, and high-

density lipoprotein cholesterol (HDL-C) levels were

measured as previously reported.12 HDL-C was mea-

sured after precipitation of apo B–containing lipopro-

teins with dextran sulfate. Levels of very low-density

lipoprotein (VLDL) + intermediate-density lipoprotein

(IDL) cholesterol (d , 1.019 g/mL) were determined

after isolation of the lipoproteins by preparative ultra-

centrifugation. The mean total cholesterol recovery for

all fractions after ultracentrifugation was 98.0 6 2.0%.

The cholesterol content of each fraction was adjusted for

total percent recovery. LDL (1.019–1.070 g/mL) was

then isolated from the plasma infranatant of density

1.019 g/mL. Cholesterol and apo B were measured in

the plasma fractions d , 1.019 g/mL and d 5 1.019 g/

mL to 1.070 g/mL, and the ratio of cholesterol to apo B

was calculated. The absolute level of LDL-C was

calculated as the difference between total cholesterol

minus the sum of cholesterol in VLDL + IDL of the

1.019 g/mL supernatant adjusted for cholesterol recov-

ery plus high density lipoproteins (HDLs) measured in

plasma after dextran sulfate precipitation of non-HDL

lipoproteins.

Apo B was measured chemically in isolated VLDL

+ IDL and LDL using the Markwell modification of

the Lowry procedure and with bovine serum albumin

(BSA) from the National Bureau of Standards as a

reference standard.13 On the basis of published

evidence,14,15 a chromogenicity factor of 1:1 between

apo B and BSA was assigned. Absolute concentrations

of total apo B were calculated as reported previously.13

LDL–apo B was calculated as the product of absolute

LDL-C concentration estimated as detailed above and

the ratio of cholesterol to apo B in isolated LDL. The

coefficient of interassay variation for the Lowry

method is # 3.0%.

LDL sizes were measured by polyacrylamine gel

electrophoresis (Lipoprint, Quantimetrix Inc., Redondo

Beach, CA) as previously described.16 Lipoprotein

particle concentrations in LDL and VLDL + IDL also

were determined by NMR (courtesy of Liposcience,

Raleigh, NC).17,18 This method uses curve fitting

(spectral deconvolution) of the methyl lipid resonance

envelope in plasma; the amplitude and shape of the

resulting curve depend on amplitudes of the methyl

resonances of the lipoprotein components. A curve-

fitting algorithm was used to determine concentrations

of lipoproteins from the plasma spectrum. Mean LDL

particle sizing by NMR is about 60 Å lower than similar

particles measured by the Lipoprint method. This

difference can be explained by differences in reference

methodology; NMR LDL particle sizes are referenced to

particle diameters measured by electron microscopy,

whereas gel electrophoresis is referenced to charged

particles of standard size.18

To compare chemical and NMR methods, lipo-

protein particle concentrations by NMR were converted

to apo B by dividing reported particle concentrations by

55. The molecular weight of apo B is 550,000 Da, and all

lipoproteins in density ranges of LDL, IDL, and VLDL

are assumed to have one apo B molecule per particle.

Statistics

Data are expressed as mean 6 SD. Independent

variables that are not normally distributed were log

transformed for data analyses. The means of apo B

levels between methods were compared by one-way

analysis of variance with an alpha value set at , .05.

The Cochran-Armitage trend analyses were used to

determine the trend of metabolic parameters with

increasing risk factor numbers.

Results

Table 1 gives mean values for risk factors in

current patients. In Table 2, lipoprotein–apo B levels

and cholesterol to apo B ratios obtained by chemical

methods are presented and are compared with apo B

parameters obtained by NMR. Total apo B and VLDL

+ IDL apo B levels were significantly higher by

chemical methods compared with NMR, whereas

mean LDL–apo B concentrations were similar by the

two methods. Cholesterol to apo B ratios were lower

than NMR for VLDL + IDL and non-HDL-C by

chemical methods but were similar for LDL.

In Table 3, apo B parameters are shown for men and

for the limited number of women with and without

metabolic syndrome. In men, total apo B levels were

higher in those with metabolic syndrome by both

methods, although the mean apo B concentrations were

lower by NMR than by the chemical method. When
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measured chemically, VLDL + IDL– apo B levels were

significantly elevated in metabolic syndrome, whereas

LDL–apo B levels were not. By NMR, VLDL–apo B

levels were much lower in both groups than by chemical

methods, and although the two methods gave similar

LDL–apo B levels, those with metabolic syndrome had

somewhat (and significantly) higher LDL–apo B levels

than those without. The latter differences were not

observed in the limited number of women with or

without metabolic syndrome.

Correlation coefficients among different apo B

and cholesterol parameters are presented in Table 4. By

the chemical method, non-HDL-C and LDL–apo B

were more highly correlated with total apo B than was

LDL-C. By NMR, LDL–apo B was correlated

extremely highly with total apo B because almost all

of the apo B–containing lipoproteins are identified in

the LDL fraction by this method. However, non-

HDL-C was less strongly correlated when total apo B

was measured by NMR than by the chemical method.

LDL–apo B was more strongly correlated with LDL-C

by the chemical method than by NMR.

Figure 1 shows the pattern of change in waist

circumference, triglycerides, and HDL-C levels with

increasing number of metabolic syndrome components.

VLDL + intermediate-density lipoprotein cholesterol

(IDL-C) levels rose steeply along with triglyceride levels

with an increasing number of metabolic syndrome

components (Figure 2); there was a parallel rise in VLDL

+ IDL–apo B by chemical methods, but a much smaller

increase was observed with NMR. In contrast to VLDL

+ IDL–apo B, the chemical method showed no increase

in LDL-C or LDL–apo B as the number of components

increased, but a shallow but consistent rise in LDL–apo B

was observed by NMR (Figure 3).

LDL particle sizes and LDL-C to apo B ratios fell

progressively with the number of metabolic syndrome

components (Figure 4). Mean LDL particle sizes as

measured by Lipoprint were consistently higher than

those measured by NMR, but a similar pattern of

decline was noted. At least two factors contribute to

the reduction in LDL particle size and LDL-C to

LDL–apo B ratios with increasing metabolic compo-

nents. These are higher triglycerides and lower HDL

levels (Figure 5). In this figure, the slope for the

relationship between LDL-C to LDL–apo B ratios and

triglycerides was much steeper when LDL–apo B was

measured by NMR compared with the chemical

method. Indeed, by NMR, a portion of subjects had

both higher and lower LDL-C to LDL–apo B ratios

than observed by the chemical method. This finding

raises the possibility that NMR identifies some LDL-

sized particles that have a density , 1.019 mg/mL

and some LDL-sized particles that have a density

. 1.07 mg/mL. Further, Figure 5 shows that there is a

significant correlation between HDL-C and LDL-C to

LDL–apo B ratios.

Because of the strong relationship between non-

HDL-C and total apo B levels (r 5 .873), an equation

was derived from our data that will allow for

Table 1 Subject Demographics (N 5 274)

Parameter Mean 6 SD Median

Age (yr) 56 6 9 57
Body mass index (kg/m2) 30.3 6 4.9 30.1
Waist circumference (cm) 103 6 13 103
Systolic blood pressure (mm Hg) 139 6 18 138
Diastolic blood pressure (mm Hg) 81 6 10 81
Hemoglobin A1c (%) 5.6 6 0.8 5.5
Glucose (mg/dL) 100 6 23 96
Total cholesterol (mg/dL) 214 6 41 214
Triglyceride (mg/dL) 177 6 120 151
HDL-C (mg/dL) 43 6 12 41
LDL-C (mg/dL) 132 6 32 132
Non-HDL-C (mg/dL) 171 6 41 169

HDL-C 5 high-density lipoprotein cholesterol; LDL-C 5 low-density

lipoprotein cholesterol.

Table 2 Levels of Lipoprotein–Apolipoprotein B and Ratios (N 5 274)

NMR Method Chemical Method

Parameter Mean 6 SD Median Mean 6 SD Median

LDL–apo B (mg/dL) 95 6 25 95 95 6 21 94
VLDL + IDL–apo B (mg/dL) 7 6 3 7 25 6 14* 23
Total apo B (mg/dL) 101 6 27 102 120 6 27* 118
LDL-C to LDL–apo B (ratio) 1.45 6 0.36 1.41 1.40 6 0.18 1.37
VLDL + IDL-C to apo B (ratio) 6.04 6 4.11 5.09 2.01 6 9.16* 1.43
Non-HDL-C to total apo B (ratio) 1.72 6 0.32 1.68 1.43 6 0.15* 1.40

apo B 5 apolipoprotein B; HDL-C 5 high-density lipoprotein cholesterol; IDL 5 intermediate-density lipoprotein; IDL-C 5 intermediate-density

lipoprotein cholesterol; LDL 5 low-density lipoprotein; LDL-C 5 low-density lipoprotein cholesterol; NMR 5 nuclear magnetic resonance; VLDL 5

very low-density lipoprotein.

*Significantly different from the NMR method; p , .05.
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estimation of total apo B levels based on non-HDL-C

levels. This equation is:

Total apo B~15:108z0:617

non-HDL-C
equation 1ð Þ

In our analysis of the data, we also found that the

LDL-C to LDL–apo B ratio is the major factor

reducing the correlation between non-HDL-C and

total apo B levels. Given that both triglyceride and

HDL-C levels are correlated with LDL-C to LDL–apo

B ratios (see Figure 5), it should be possible to improve

on estimated apo B over the use of non-HDL-C alone.

Multifactorial analysis revealed the following equation:

Total apo B~9:695z0:590 non-HDL-C

z4:146 ln triglyceride

{0:252 HDL-C

equation 2ð Þ

Figure 6 shows correlations between measured total

apo B (by the chemical method) and estimated total apo

Table 3 Levels of Apolipoprotein B in Men and Women with and without Metabolic Syndrome Measured by Two Methods

Men (Chemical Method) Men (NMR Method)

, 3 RF (n 5 78) $ 3 RF (n 5 171) , 3 RF (n 5 78) $ 3 RF (n 5 171)

Parameter Mean 6 SD Median Mean 6 SD Median Mean 6 SD Median Mean 6 SD Median

LDL–apo B
(mg/dL)

94 6 19 94 95 6 21 94 86 6 24 82 99 6 24* 97

VLDL + IDL–
apo B
(mg/dL)

17 6 8 16 30 6 15* 26 6 6 3 6 7 6 3 7

Total apo B
(mg/dL)

111 6 23 111 125 6 27* 124 93 6 26 89 106 6 26* 104

LDL-C to
LDL-B
(ratio)

1.44 6 0.19 1.44 1.36 6 0.17* 1.34 1.61 6 0.35 1.54 1.34 6 0.29* 1.33

VLDL +
IDL-C
to apo
B (ratio)

1.39 6 0.20 1.33 2.37 6 11.59* 1.47 4.53 6 2.03 4.03 6.89 6 4.74* 5.72

Non-HDL-C
to total apo
B (ratio)

1.44 6 0.17 1.42 1.41 6 0.14* 1.39 1.78 6 0.36 1.68 1.68 6 0.27* 1.66

Women (Chemical Method) Women (NMR Method)

, 3 RF (n 5 15) $ 3 RF (n 5 10) , 3 RF (n 5 15) $ 3 RF (n 5 10)

Parameter Mean 6 SD Median Mean 6SD Median Mean 6 SD Median Mean 6 SD Median

LDL–apo B
(mg/dL)

96 6 27 94 93 6 17 96 91 6 36 80 90 6 19 87

VLDL + IDL–
apo B
(mg/dL)

16 6 11 11 22 6 7 21 6 6 5 5 7 6 3 8

Total apo B
(mg/dL)

112 6 34 112 115 6 18 118 97 6 39 81 96 6 20 95

LDL-C to
LDL-B
(ratio)

1.58 6 0.17 1.60 1.47 6 0.23 1.45 1.77 6 0.51 1.65 1.56 6 0.40 1.46

VLDL + IDL-
C to apo
B (ratio)

1.43 6 0.21 1.40 1.45 6 0.39 1.31 4.76 6 2.53 4.20 5.25 6 2.38 4.53

Non-HDL-C
to total apo
B (ratio)

1.57 6 0.14 1.58 1.47 6 0.18 1.51 1.91 6 0.50 1.73 1.79 6 0.34 1.68

apo B 5 apolipoprotein B; HDL-C 5 high-density lipoprotein cholesterol; IDL-C 5 intermediate-density lipoprotein cholesterol; LDL-C – low-

density lipoprotein cholesterol; NMR 5 nuclear magnetic resonance; RF 5 risk factors; VLDL 5 very low-density lipoprotein.

*Significantly different from the group with , 3 RF (p , .05), measured by the same method.

(equation 2)
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B by NMR from non-HDL-C (equation 1) and from

non-HDL-C + triglyceride + HDL-C (equation 2). The

weakest correlation was with total apo B estimated by

NMR (r 5 .73). On the other hand, the correlation

between total apo B (chemical method) and non-HDL-

C was improved only modestly by the addition of

triglyceride and HDL-C to multiple regression analysis

compared with non-HDL-C alone.

Table 4 Correlation Coefficients

Chemical Method NMR Method

Correlation Coefficient p Value Correlation Coefficient p Value

Total apo B vs
LDL-C 0.61 , .0001 0.56 , .0001
LDL–apo B 0.85 , .0001 0.99 , .0001
VLDL + IDL–apo B 0.63 , .0001 0.62 , .0001
Non-HDL-C 0.88 , .0001 0.76 , .0001
Total apo B (chemical vs NMR) — — 0.73 , .0001
LDL–apo B vs LDL-C 0.84 , .0001 0.55 , .0001

apo B 5 apolipoprotein B; HDL-C 5 high-density lipoprotein cholesterol; IDL 5 intermediate-density lipoprotein; LDL 5 low-density lipoprotein;

LDL-C 5 low-density lipoprotein cholesterol; NMR 5 nuclear magnetic resonance; VLDL 5 very low-density lipoprotein.

Figure 1 Waist circumference (A), triglycerides (TG) (B), and high-density lipoprotein (HDL)-cholesterol (C) plotted against

the number of metabolic risk factors of metabolic syndrome. Although there appeared to be a trend for a progressive

increase in waist circumferences, formal trend analysis was not statistically significant. The same was true for the fall in HDL

cholesterol. However, the trend for a rise in TG levels was highly significant.
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Discussion

In patients with metabolic syndrome, several

potential targets of therapy for elevated lipids exist.

According to the NCEP, LDL-C is the primary target

of lipid-lowering therapy.1 Both epidemiologic data

and clinical trials point to LDL as the major

atherogenic lipoprotein; and the cholesterol compo-

nent of LDL is readily and accurately measured,

inexpensive, and widely available in clinical labora-

tories.1 On the other hand, other apo B–containing

lipoproteins, notably TGRLP, appear to carry athero-

genic potential.1,19 In TGRLP, VLDL + IDL-C is one

marker for atherogenic lipoproteins. Consequently,

non-HDL-C (the sum of LDL + IDL + VLDL-C) is an

alternative to LDL-C as a target of therapy, particularly

for hypertriglyceridemia,1,9 and probably is a better

predictor of major cardiovascular events.3–6,20 The

NCEP recommended that non-HDL-C should be a

secondary target of therapy, after LDL-C treatment, in

patients with hypertriglyceridemia.1 Non-HDL-C

carries the same advantages as LDL: wide availability,

accuracy in measurement, and being relatively inex-

pensive, besides being measurable in the nonfasting

state. Other investigators proposed that total apo B

itself may be an even better predictor than either LDL-

C or non-HDL-C.2,21,22 Although both apo B and

non-HDL-C encompass LDL + IDL + VLDL, total

apo B precisely measures the number of atherogenic

lipoprotein particles. The superiority of total apo B

over non-HDL-C in prediction has not been found in

all studies, but the concept that atherogenesis is more

Figure 2 Plasma levels of very low-density lipoprotein (VLDL) + intermediate-density lipoprotein (IDL) cholesterol (A), VLDL

+ IDL apolipoprotein B (Apo B) by the chemical method (B), and VLDL + IDL–apo B by nuclear magnetic resonance (NMR) (C)

are plotted against the number of metabolic risk factors. Trends for increases with an increasing number of risk factors were

observed for all of these measurements.
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dependent on the number of atherogenic particles than

on their cholesterol content is attractive to many

investigators.

On the other hand, the use of total apo B as a

target of treatment has limitations. The usual method

for measurement of total apo B is immunoassay.

However, with immunoassay, different lipoprotein

fractions can interact differently with measuring

antibodies.11 Furthermore, no agreement exists on

what the primary standard should be for apo B from

which to estimate the absolute serum level of apo B.

Thus, even if total apo B were to be a somewhat better

predictor of cardiovascular disease risk than non-HDL-

C, methodologic and availability issues currently stand

in the way of its widespread use in clinical practice. In

an effort to achieve a more accurate estimate of apo B,

we employed a chemical technique that allows for a

direct measure of apo B with a modified Lowry

method. Another method has been introduced to

estimate the lipoprotein particle number. This employs

NMR; it calculates the lipoprotein particle number

based on an NMR signal produced in serum.17,18

Several reports indicate that the lipoprotein particle

number, as measured with NMR, correlates both

cross-sectionally and prospectively with cardiovascular

disease.7,10 Assuming that all lipoprotein particles that

are LDL sized or greater contain apo B, the particle

number obtained by NMR can be readily converted

into a measure for LDL apo B and total apo B, based

on the fact that each lipoprotein particle contains one

molecule of apo B. Since the molecular weight of apo

B is known with precision, it is possible to convert the

apo B particle number into total apo B levels.

In patients with metabolic syndrome,9 atherogenic

dyslipidemia has been reported to include high total

apo B levels.19 In the present study, total apo B, as

measured chemically, rose progressively with more

metabolic syndrome components. The rise was mainly

Figure 3 Plasma levels of low-density lipoprotein (LDL) cholesterol (A), LDL–apolipoprotein B (Apo B) by the chemical

method (B), and LDL–apo B by nuclear magetic resonance (NMR) (C) are plotted against the number of metabolic risk

factors. LDL–apo B by both methods rose significantly with the number of risk factors, but LDL cholesterol did not.
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in TGRLP, but not in LDL-apo B, and TGRLP-apo

B paralleled the rises in triglycerides and VLDL + IDL-

C. In contrast, with the NMR method, most of the

particles in LDL + IDL + VLDL appeared to be

contained in the LDL fraction. A relatively small

number of particles are detected in TGRLP. The mean

levels of total apo B estimated by NMR were lower

than by the chemical method. This difference could

relate to the absolute standards used to estimate total

apo B by the two methods.

In the current study, a discrepancy was also found

between apo B content of TGRLP by NMR and by

chemical methods. One possibility is that NMR

underestimates particle concentration in TGRLP

compared with established methods. Another is that

some TGRLPs floating in the VLDL + IDL density

range are LDL-sized particles. If so, they would be

counted as LDL particles by NMR. This may account

for the finding that LDL–apo B levels rose by NMR

with an increasing number of metabolic syndrome

components, whereas by the chemical method, the

entire rise was in the VLDL + IDL fraction. Another

factor that might contribute to a rise in LDL–apo B by

NMR is that some particles that sink to the HDL

density range also may be LDL sized but not contain

apo B. This could account for the unusually low

cholesterol to apo B ratios observed in some

individuals; these ratios were uncharacteristically low

for lipoproteins in the 1.019 to 1.07 g/mL density

range (see Figure 5).

Some of these differences could account for the

discrepancy in lipoprotein–apo B distributions

between the chemical method and NMR as the

number of metabolic syndrome components increased.

They cannot, however, explain the only moderate

correlation (r 5 .73) between total apo B measured by

Figure 4 Low-density lipoprotein (LDL) particle size by polyacrylamide gel electrophoresis (PAGE) (A), LDL size by nuclear

magnetic resonance (NMR) (B), and LDL cholesterol (LDL-C) to apolipoprotein B (Apo B) ratio (C) plotted aginst the number of

risk factors. All parameters fell progressively as the risk factor number increased.
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the chemical method and estimated by NMR. Given

that the estimation of LDL particle number by NMR is

based on a deconvolution of multiple curves derived

from multiple sample analysis, it is not surprising that

there is some discrepancy with an analysis in which a

single measurement is made.

If treatment of atherogenic lipoproteins associated

with the dyslipidemia of metabolic syndrome were to

be limited to LDL, as is widely the case in current

clinical practice, the question can be raised as to

whether NMR provides a better measure of the

atherogenicity of LDL than does LDL-C. At present,

there is no simple method for the immunoassay of

LDL–apo B. However, several reports indicate that the

LDL particle concentration determined by NMR is

more strongly correlated with cardiovascular events

than is LDL-C.8,22 Whether this improvement in

prediction is related to the inclusion of more LDL-

sized TGRLPs in the LDL fraction by NMR is

uncertain but possible.

In spite of reports that total apo B may be a better

predictor of chronic heart disease than non-HDL-C,

the high correlation between estimated apo B (from

non-HDL-C) and measured apo B (see Figure 5), a

direct measurement of total apo B, cannot have much

advantage over the estimated value as a target of

therapy. Any slight advantage must be weighed against

the lack of standardization of the immunoassay for apo

B, the increased cost of measurement added to routine

lipoprotein analysis, and the lack of widespread

availability of the assay. Estimation of total apo B (or

LDL–apo B) by NMR has the same drawbacks listed

Figure 5 A and B, Ratios of low-density lipoprotein cholesterol (LDL-C) to low-density lipoprotein (LDL)–apolipoprotein B

(Apo B) are plotted against log-transformed triglyceride and high-density lipoprotein (HDL) cholesterol. The same ratio

obtained by nuclear magnetic resonance (NMR) is plotted against log-transformed triglycerides (C). The range of ratios by

the chemical method is much narrower by the chemical method (A) than by NMR (C). This difference presumably reflects the

fact that the chemical method was carried out on samples isolated in a defined density range, whereas the NMR method was

carried out on whole plasma, where the estimate depended on particle size and not on density range.
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for total apo B measurement. Before either immu-

noassay for total apo B or NMR assay for LDL particle

concentration (or LDL–apo B) can be recommended

for routine use in clinical practice, their superiority

over non-HDL-C as a target of therapy must be

documented from prospective studies or clinical trials.
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