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Comparison of apolipoprotein B to cholesterol in low
density lipoproteins of patients with coronary

heart disease
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Abstract This study was carried out to determine whether
patients with coronary heart disease (CHD) have an unusually
high level of apolipoprotein B (apoB) relative to cholesterol (C)
in low density lipoproteins (LDL). Seven groups of men were
studied. Seventy-two with normolipidemia (NLP) had CHD doc-
umented on clinical grounds; another 34 NLP patients had
proven coronary artery disease (CAD) by angiography (greater
than 50% occlusion of two or three coronary arteries). Another
group of 37 with documented CHD had hypertriglyceridemia
(HTG), and still another 25 with HT'G had proven CAD. Three
normolipidemic control groups consisted of 30 healthy young
men, 40 healthy middle-aged men, and 35 hypertensive men.
In normolipidemic CHD and CAD patients, plasma LDL-C av-
eraged 142 + 37 (SD) and 136 * 32 mg/dl, respectively; in
HTG patients with CHD and CAD, LDL-C levels were 137
+ 37 and 127 + 34 mg/dl, respectively. These values were near
those of hypertensive controls (141 £ 31 mg/dl), but higher
than middle-aged and younger healthy controls (118 % 32 and
106 = 26 mg/dl, respectively). Levels of LDL-apoB followed
a similar pattern: CHD-NLP (88 *+ 25 mg/dl), CAD-NLP (83
+ 25 mg/dl), CHD-HTG (94 £ 30 mg/dl), CAD-HTG (89
+ 25 mg/dl), hypertensive controls (89 + 24 mg/dl), middle-
aged controls (80 = 25 mg/dl) and younger controls (58 + 14
mg/dl). Normolipidemic patients with CHD and CAD did not
have higher LDL-C and LDL-apoB levels than hypertensive and
normotensive controls. HTG patients with CHD and CAD how-
ever tended to have higher LDL-apoB levels, and their LDL-
apoB/C ratios were higher on average than normal. Neverthe-
less, among all coronary groups, there were no sizeable subgroups
with elevated LDL-apoB; only about 11% of all coronary patients
had LDL-apoB levels over 120 mg/dl (compared to 8% for
normo- and hypertensive controls of middle age).Bl The data
of this study therefore suggest that LDL-apoB may not prove
to be a better indicator of coronary risk in normolipidemic
people, but LDL-apoB could be a superior predictor of risk in
HTG patients.—Vega, G. L., and S. M. Grundy. Comparison
of apolipoprotein B to cholesterol in low density lipoproteins
of patients with coronary heart disease. /. Lipid Res. 1984, 25:
580-592.

Supplementary key words hypertriglyceridemia * coronary artery
disease * radial immunodiffusion ¢ apoB/cholesterol ratio

Plasma levels of total cholesterol (T'C) and low density
lipoprotein-cholesterol (LDL-C) are correlated with the
prevalence of coronary heart disease (CHD) (1). High
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levels of LDL-C clearly predispose to premature CHD
(2). Still, many patients with CHD do not have elevated
LDL-C or other detectable abnormalities in lipoprotein-
lipid levels. This fact has led to a search for other defects
in plasma lipoproteins that might explain accelerated ath-
erosclerosis in some individuals. Recently, concentrations
of LDL-apolipoprotein B (apoB) have been reported to
differentiate patients with CHD from unaffected people
better than do TC, triglycerides (TG), or LDL-C. For
instance, Sniderman et al. (3) reported that many patients
with advanced coronary atherosclerosis have elevated
levels of LDL-apoB, but normal LDL-C. These workers
suggested that abnormalities in the metabolism of apoB,
which are not necessarily revealed by concentrations of
LDL-C, may cause acceleration of atherosclerosis. In an-
other report, Kesaniemi and Grundy (4) described a group
of patients with premature CHD who had overproduction
of LDL-apoB and yet had normal concentrations of LDL-
C; they speculated that this enhanced production of LDL-
apoB may have contributed to their accelerated athero-
sclerosis. Also, we recently reported on a patient with
severe tendon xanthomatosis who had overproduction of
LDL-apoB but normal levels of LDL-C (5). Therefore,
in the present study, we have attempted to determine
whether normolipidemic and hypertriglyceridemic pa-
tients with coronary disease have abnormally high con-
centrations of LDL-apoB or a disproportionate increase
in apoB relative to cholesterol in plasma LDL.

Abbreviations: CHD, coronary heart disease; CAD, coronary artery
disease; HTG, hypertriglyceridemia; VLDL, very low density lipo-
protein; LDL, low density lipoprotein; NLP, normolipidemic; YNG-
NLP, young normolipidemic; C, cholesterol; TC, total cholesterol;
apoB, apolipoprotein B; TG, triglyceride; NTN, normotensive; HTN,
hypertensive; IDL, intermediate density lipoprotein; HDL, high density
lipoprotein; RID, radial immunodiffusion; BSA, bovine serum albumin;
SDS, sodium dodecyl sulfate.

! Address reprint requests to Dr. Vega or Dr. Grundy at the Uni-
versity of Texas Health Science Center, Center for Human Nutrition/
Room G4.100, 5323 Harry Hines Boulevard, Dallas, TX 75235.
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METHODS

Patients

This study was carried out in a total of 282 male sub-
jects. Most of the subjects were selected from inpatients
and outpatients of the Veterans Administration Medical
Center at Dallas, Texas. A group of medical students was
also recruited from Southwestern Medical School in Dal-
las. Seven groups of subjects were studied, and their clin-
ical characteristics are listed in Table 1.

Group 1 consisted of 30 young adult-normolipidemic
(YNG-NLP) men. They were medical students and none
were on medication. None had plasma lipids or lipopro-
teins exceeding the 95th percentile cutpoints for their
age and sex according to the Lipid Research Clinic (LRC)
Population Study (6, 7). Group 2 included 40 normo-
tensive-normolipidemic (NTN-NLP) middle-aged men
recruited from inpatients with minor illnesses at the VA
Medical Center. Most were obtained from Orthopedics,
Ophthalmology, and Otolaryngology Services. None of
the patients were acutely ill nor were they malnourished.
Group 3 consisted of 35 hypertensive-normolipidemic
(HTN-NLP) men without evidence of ischemic heart dis-
ease. They were obtained from the Hypertension Clinic
at the VA Medical Center. Twenty nine percent of these
patients were smokers. Fifty three percent were taking
diuretics, 32% beta-adrenergic blockers, and 15% other
antihypertensive medications. Some of the patients were
on combined drug therapy for hypertension.

Group 4 included 72 normolipidemic men with cor-
onary heart disease (NLP-CHD). These men were re-
cruited mainly from the outpatient Cardiology Clinic at
the VA Medical Center. All patients had a history of
myocardial infarction documented on clinical grounds.
No patient had undergone coronary artery bypass graft
surgery during the last 6 months before the study. In all
patients of this group, concentrations of plasma total TG

were below the 90th percentile for their age according
to the Lipid Research Clinic (LRC) Population Study (6).
Patients whose LDL-C exceeded the 95th percentile were
also excluded from this group. Their plasma HDL-C av-
eraged 40 = 11 mg/dl. A history of hypertension was
present in 23%, and 23% also were smokers at time of
study. Forty four percent of patients with hypertension
were smokers. None had diabetes mellitus nor were they
taking anticoagulants or lipid-lowering drugs. Many of
the patients were taking cardiovascular medication, as
described below. Group 5 consisted of 37 patients with
a history of documented myocardial infarction and con-
comitant hypertriglyceridemia (plasma TG over the 90th
percentile by LRC criteria) (CHD-HTG). For groups 4
and 5 combined, the percentage of patients taking car-
diovascular drugs included 21% on diuretics, 13% on
beta-adrenergic blockers, 32% on nitrates, 5% on pro-
cainamide or quinidine, 7% on nefedipine, and 20% on
digoxin.

Group 6 included 43 normolipidemic inpatients un-
dergoing coronary angiography for clinical evidence of
ischemic heart disease. All patients were reported to have
greater than 50% occlusion of two or three major cor-
onary arteries. They were designated CAD-NLP. Group
7 consisted of 25 men with greater than 50% occlusion
of two or three coronary arteries, documented by an-
giography. All patients in this group had plasma TG over
the 90th percentile, hence the designation CAD-HTG.
For these two groups, 22% of patients were smokers and
20% had a history of hypertension. Percentage of patients
taking cardiovascular drugs included 19% on diuretics,
11% on beta-adrenergic blockers, 35% on nitrates, 2%
on procainamide or quinidine, 8% on nefedipine, and
20% on digoxin.

Sample collection and storage

Blood was collected after an overnight fast (14 hr) into
tubes containing (1 mg/ml) Na;EDTA. After removal

TABLE 1. Clinical characteristics of study groups

% ldeal Total Total HDL
Group Number Age Body Wt. Cholesterol Triglycerides Cholesterol
yrs = SD % + SD mg/dl + SD

YNG-NLP 30 26 + 47 97 + 7t 166 + 29¢ 92 + 32¢ 47 + 114
NTN-NLP 40 52 + 97 120 + 18 184 + 34¢ 146 + 68 37 + 11
HTN-NLP 35 56 + 7 116 + 22 206 + 31 134 + 51 41 + 14
CHD-NLP 72 57 + 6 115 + 13 203 * 41 128 + 45 40 + 11
CHD-HTG 37 57 + 6 119 +13 232 + 35¢ 390 + 1789 29 + 7¢
CAD-NLP 43 58 + 8 105 + 18° 195 + 36 127 + 38 42 + 17
CAD-HTG 25 57+ 9 118 + 21 209 + 32 300 + 1107 28 + 10°

2 Two groups (YNG-NLP and NTN-HTP) were significantly younger than all other groups (P < 0.05).

b Two groups (YNG-NLP and CAD-NLP) had significantly lower % ideal body weights than all other groups (P < 0.05).
¢ These groups had significantly lower values than other groups in each category (P < 0.05).

4 These groups had significantly higher values than other groups in each category (P < 0.05).
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of red blood cells by centrifugation at 4°C, 5 ml of plasma
was taken directly for measurement of lipids and lipo-
proteins. Another 10 ml of plasma was transferred into
dry tubes containing dinitrothiobenzoic acid (DTNB) (2
mM), chloramphenicol (0.15 mM), and sodium azide (1.5
mM) (8). Both tubes were stored at 4°C until analysis,
which was done within the week of collection.

Plasma total lipids

From the first 5 ml of plasma, TC and TG were mea-
sured by enzymatic methods (9, 10). Cholesterol was de-
termined by the procedure of Roeschlau, Bernt, and
Gruber (9) using a Gilford System 203 autoanalyzer. The
standard supplied by Gilford Diagnostics was calibrated
using a pooled reference plasma standard. The cholesterol
in the latter was determined by gas-liquid chromatog-
raphy (Hewlett-Packard model 5880A) on a microcap-
illary column (10 m SE-30; 0.25 mm i.d, and 0.25 micron
filter, Supelco). Pure cholesterol for standard was obtained
from Supelco.

Lipoprotein-cholesterol concentrations

Cholesterol in VLDL, LDL, and HDL was estimated
by modifications of Lipid Research Clinic procedures (11).
When plasma TG was less than 200 mg/dl, analyses were
carried out without ultracentrifugation along lines de-
scribed previously by Friedewald, Levy, and Fredrickson
(12), Wilson and Spiger (13), and Wilson et al. (14). When
TG levels were greater than 200 mg/dl, samples were
subjected to ultracentrifugation to remove lipoproteins
of density <1.006 g/ml before proceeding with analyses.
A description of the method used to obtain each lipo-
protein-cholesterol level and the operational definition
for each follows. Subsequently, an asterisk will be used
to denote a cholesterol value estimated either by an equa-
tion or by indirect measurement.

VLDL-cholesterol* (VLDL-C*). The term VLDL-C* is
used for the estimate of cholesterol in the VLDL fraction
obtained in either of two ways. When TG levels were
below 200 mg/dl, VLDL-C* was estimated by the equa-
tions of Myers, Phillips, and Havel (15). These equations
take into account differences in C/TG ratios in VLDL
of men and women at different T'G concentrations. They
appear to provide a somewhat better estimate of VLDL-
C* than the value of TG/5 proposed by Friedewald et
al. (12). When plasma TG exceeded 200 mg/dl, VLDL-
C* was estimated as the difference between total choles-
terol (T'C) and infranatant cholesterol after ultracentrif-
ugal removal of the d < 1.006 g/ml fraction.

HDL-cholesterol (HDL-C). On both whole plasma (TG
< 200 mg/dl) and the 1.006 g/ml infranatant (TG
> 200 mg/dl), apoB-containing lipoproteins were pre-
cipitated with heparin-manganese. Manganese chloride
(92 mM) was used to achieve optimum precipitation of
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apoB-containing lipoproteins (16). Cholesterol was esti-
mated on the supernatant and was designated HDL-C.

LDL-cholesterol* (LDL-C*). The term LDL-C* was cal-
culated in the following way: LDL-C* = (TC) — (VLDL-
C*) — (HDL-C) where VLDL-C* was estimated by the
equations of Myers et al. (15) (when TG < 200 mg/dl)
or by difference (when TG > 200 mg/dl). In either case,
LDL-C* should closely approximate IDL ~ C + LDL
— C (d 1.006-1.063 g/ml). Myers et al. (15) reported a
high correlation (r = 0.93) between estimated LDL-C*
and IDL — C + LDL — C determined directly by ultra-
centrifugal analysis.

Isolation of VLDL and LDL for
compositional analysis

Four ml of plasma from each patient was used to isolate
VLDL and LDL for compositional analysis. To this plasma
was added 2 ml of a salt solution of 0.432 M NaBr and
0.195 M NaCl according to the method of Lindgren and
Jensen (17). This mixture was made in 6-ml Ultra-Clear
Beckman centrifuge tubes. The resulting solution had a
density of 1.019 g/ml. The tube was spun in a fixed-
angie Beckman 50.3 Ti rotor, at 40,000 rpm for 20 hr
at 15°C (8). The top 2 ml was aspirated and designated
VLDL.

The infranatant was brought to a density of 1.070
g/ml in the same tube by addition of 2 ml of 1.815 M
NaBr and 0.195 M NaCl. LDL was then isolated by ul-
tracentrifugation as described above for VLDL; the top
2 ml (33% of tube volume) was aspirated again. Because
of the gradient produced in the tube during ultracen-
trifugation, the fraction isolated in the top 2 ml should
include all lipoproteins of d < 1.067 g/ml. This upper
limit was chosen rather than 1.063 g/ml to insure isolation
of all LDL. Previous work of Anderson et al. (18) has
shown that this lower limit (1.067 g/ml) would not include
any HDL-cholesterol. To minimize losses of apoproteins,
neither VLDL nor LDL were washed by recentrifugation.
The infranatants of density greater than 1.067 g/ml were
saved for further analysis.

Lipoproteins were dialyzed against 0.15 M NaCl con-
taining 0.15 mM chloramphenicol, 1.5 mM sodium azide,
and 0.27 mM disodium ethelenediamine-tetraacetate
(EDTA) at pH 7.4 (8). Dialysis was carried out shortly
after lipoprotein isolation.

Estimation of apoB in 1.067 g/ml infranatant

To test the possibility that some apoB was lost into
1.067 g/ml plasma infranatant, the apoB content of this
infranatant was estimated by radial immunodiffusion
(RID) in 62 normolipidemic patients with CHD and in
28 young controls. RID was conducted as described by
Sniderman, Teng, and Jerry (19) except that a 0.025 M
Tris-tricine buffer, pH 8.6, was used (20). Briefly, agarose
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(1.5%, low electroendosmosis, 0.16-0.19 EEQO units)
mixed with buffer and anti-LDL-apoB (0.2%) (8) was
casted into plates (200 X 100 X 1 mm). LDL isolated
from plasma of a donor was used as standard, and apoB
was determined by the Lowry et al. procedure (see below).
Samples were diluted (1:4) with buffer. Plates were in-
cubated for 72 hr; thereafter, plates were immersed in
0.17 mM phosphotungstic acid to facilitate visualization
of precipitated rings for measurement (21). Ring diam-
eters were measured with a Polaron 7-X magnification
lens containing a vernier scale in 0.1-mm units. Small
amounts of immunoreactive material were present in al-
most all the samples. The mean apoB level in the 62
CHD-NLP patients was 4.9 = 0.8 (SD) mg/dl, and for
the 28 young controls it was essentially the same, 4.3
+ 0.5 mg/dl. The range in both groups was 4.0 to
6.0 mg/dl.

Determination of LDL-apoB/C and
VLDL-apoB/C ratios

Ratios of apoB to cholesterol (apoB/C ratios) were
determined in LDL and VLDL isolated as described
above. The term LDL denotes lipoproteins of density
1.019-1.067 g/ml, and VLDL indicates lipoproteins of
d < 1.019 g/ml. The LDL-apoB/C and VLDL-apoB/C
(without asterisks) thus were from isolated LDL (d 1.019-
1.067 g/ml) and VLDL (d < 1.019 g/ml) and should
be differentiated from LDL* and VL.DL* defined op-
erationally before. Cholesterol in isolated LDL and VLDL
was determined after dialysis as described above, and
apoB was estimated as follows.

ApoB mass by Lowry procedure. Total protein in LDL
and VLDL was measured by a modification (22) of the
procedure of Lowry et al. (23). ApoB concentration in
the lipoproteins was calculated as the difference between
total protein in the fractions and soluble proteins after
selective precipitation of apoB by isopropyl alcohol
(24, 25).

Bovine serum albumin (BSA), obtained from the Na-
tional Bureau of Standards, was used as a protein standard.
The concentration of this standard had been determined
by biuret and Keldah! methods (26, 27) and by mea-
surement of absorbance at 278 nm (28). The stability of
the standard was monitored routinely by measuring its
absorbance at 280 nm and using ElX = 6.6 (28).

Reagents for the Lowry procedure were those de-
scribed by Markwell et al. (29). The reagents included
a) 0.283 M NayCOj; containing 0.052 M sodium dodecyl
sulfate (SDS), 0.010 M sodium tartrate, and 0.15 M NaOH,
b) 0.240 M CuSO, - 5H,0, and ¢) I N phenol (Folin). SDS
was added to remove lipid turbidity as described by He-
lenius and Simon (30), Bradley et al. (31), Kashyap, Hynd,
and Robinson (32), and by Markwell et al. (29). According
to the latter (29), SDS is preferable to 1.0 N NaOH for

removal of lipid turbidity because NaOH can cause au-
tooxidation of lipid and generate products that give a
color reaction with the reagents. We compared SDS for
removal of turbidity with solvent extraction as described
by Sata, Havel, and Jones (22). The comparisons are
shown in Table 2. In Part A (Table 2), duplicate mea-
surements were made on each of seven different fractions
of LDL; aliquots were left untreated, treated with SDS,
or extracted with chloroform or ether, the latter ac-
cording to Sata et al. (22). Removal of lipids by ether
requires a) 0.377 M Na,COj dissolved in 0.2 N NaOH,
b) 0.125 M CuSOQ,+5H50, and ¢) 0.142 M sodium po-
tassium tartrate. Untreated samples in some cases gave
higher readings due to the presence of turbidity. Results
with SDS were similar to those with solvent extraction.
Part B (Table 2) shows results for multiple measurements
of two LDL samples, one with a low concentration and
another with a high level. Again, untreated samples
tended to give higher values, while the other three gave
essentially the same results.

The BSA standard curve used in the procedure of
Lowry et al. (23) ranged from 7 to 50 ug of protein per
ml of reagent. Concentrations of VLDL-protein and LDL-
protein routinely ranged between 10 to 30 ug. These
concentrations were chosen because they were within the
linear portion of the standard curve.

The procedure for precipitation of apoB with isopropyl
alcohol is essentially that described by Holmquist et al.
(24, 25). One hundred to 150 ug of VLDL-protein and
175 to 200 ug of LDL-protein were used for precipitation
(24). A chromogenicity factor of 1.0 was used to compare
BSA to apoB; this factor was reported by Kane et al. (33),
and it was obtained by amino acid analysis of both proteins.
The chromogenicity of isopropyl alcohol-soluble proteins
in LDL has never been determined. A ratio of 1.0 com-
pared to BSA therefore was used. Since the quantity of
soluble protein in LDL was small, inexactitude in chro-
mogenicity of this fraction should have little effect on
calculation of LDL-apoB. LDL-apoB ranged from 90 to
100% (mean 94 + 2% SD) of LDL-protein. For isopropyl
alcohol-soluble proteins of VLLDL, a chromogenicity fac-
tor of 1.16 was used; this factor also was reported by
Kane et al. (33).

Effect of ultracentrifugation on LDL composition

LDL from plasma of 30 coronary patients was isolated
by ultracentrifugation as described above; it was taken
from the top 2 ml recovered in the isolation; 1 ml of
each sample of LDL was analyzed for apoB and cholesterol
content. The remaining 1 ml was resuspended in the
1.067 g/ml infranatant and recentrifuged for 20 addi-
tional hours. The purpose of this recentrifugation was
to determine whether prolonged ultracentrifugation re-
sults in loss of apoB relative to cholesterol in LDL.. After
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TABLE 2.

LDL protein measurements (comparison of delipidation methods)

Delipidation Reagent

Not
Sample Delipidated SDS* Chloroform? Ether?
mg/dl
Part A. Multiple samples’
1 1.7 1.6 1.6 2.0
2 1.9 1.7 1.9 1.9
3 3.8 3.5 3.3 4.8
4 6.5 7.2 6.3 6.1
5 7.7 7.3 6.7 6.4
6 12.4 9.3 8.4 9.0
7 13.2 14.0 11.9 12.5
Mean + SEM 6.7+1.9 6.4+ 1.7 57+ 1.4 6.1 +1.4
Part B. Single samples (multiple measurements)
mgl/dl £ SD
Patient 1¢ 3.5 % 0.1 2.5 £ 0.2 2.6 0.2 2.5 £ 0.2
Patient 2¢ 133 £ 0.5 12.4 £ 0.3 12,1 £ 0.3 128 £ 0.8

@ Procedure of Markwell et al. (29).
b Procedure of Sata et al. (22).

¢ For each sample, duplicate measurements were made for each treatment.

d Eighteen measurements.
¢ Ten measurements.

recentrifugation, LDL was recovered into 2 ml and an-
alyzed for apoB and cholesterol. Mean concentration of
LDL-apoB in the first lipoprotein preparation was not
significantly different from that of the second (0.911
+ 0.30 mg/ml for the first vs. 0.817 + 0.20 mg/ml for
the second); mean LDL-C was significantly higher after
the first LDL spin than after the second (1.574 + 0.60
mg/ml vs. 1.252 + 0.40 mg/ml, respectively; P < 0.025).
These differences also resulted in a significantly higher
LDL-apoB/C ratio (0.656 * 0.090) in the second LDL
compared to the first (0.591 = 0.06) (P < 0.005). Thus,
prolonged ultracentrifugation does not cause losses of
LDL-apoB relative to LDL-C; instead, LDL-C is lost rel-
ative to LDL-apoB.

Lipoprotein-apoB concentrations

LDL-apoB*. The entity LDL-apoB* represents the
apoB concentration in the fraction corresponding to LDL-
C*, i.e., essentially the 1.006-1.063 g/ml fraction. This
value was calculated as:

LDL-apoB* = LDL-C* X LDL-apoB/C.

The equation assumes that LDL-apoB*/C* = LDL-
apoB/C. This may not be precisely true because the
apoB/C ratio in IDL may not be exactly that in pure
LDL. On the other hand, the available data from Ham-
mond and Fisher (34) and Shen et al. (35) indicate that
apoB/C ratios in IDL closely approximate those in LDL.
It might be noted that this equation has been used rou-
tinely to estimate LDL-apoB levels in most LDL turnover
studies (36). For reasons to be described in the Discussion
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section, the upper normal limit of LDL-apoB* was set
arbitrarily at 120 mg/dl.

VLDL-apoB*. The term VLDL-apoB* denotes the con-
centration of apoB corresponding to VLDL-C* and is
calculated as:

VLDL-apoB* = VLDL-C* X VLDL-apoB/C.

This value of VLDL-apoB* suffers the limitation that
VLDL-apoB/C was determined on the d < 1.019 g/ml
fraction, and not on the d < 1.006 g/ml fraction. Since
IDL-apoB/C tends to be higher than pure VLDL-apoB/
C, the value for VLDL-apoB* may slightly overestimate
the apoB concentration in the d < 1.006 g/ml fraction.
Some degree of accuracy in this determination was sac-
rificed for two reasons: ) a major aim of the study was
the accurate measurement of LDL-apoB/C, and b) the
VLDL-apoB contributes much less to the plasma total
apoB concentration than does LDL-apoB.

Nomenclature

The terms LDL-C*, LDL-apoB*, LDL-apoB/C,
VLDL-C*, VLDL-apoB*, and VLDL-apoB/C will be
employed in the Results section, tables, and figures ac-
cording to the operational definitions described above.
The asterisks will be omitted in the Discussion section
where our data are compared to other data obtained by
a variety of methods.

Statistical analysis

Linear statistical procedures available as Interactive
Statistical Programs (ISP) were used for data analysis.
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The analyses were carried out at the Medical Computing
Resources Center, University of Texas Health Science
Center at Dallas. One-way analysis of variance (ANOVA)
was used for multiple comparisons of all parameters for
all groups (Tables 1 and 3-6).

For a comparison of LDL-apoB* and LDL-C* con-
centrations for each group (Figs. 1-3), correlation coef-
ficients were determined by the Pearson method (37),
and statistical significance compared to zero was set up
at a P value of 0.001. For comparison of slopes and in-
tercepts among groups, the Newman-Keuls critical Q ta-
bles for a significance of P value of 0.05 were used (37).

Descriptive statistical analysis was used for the distri-
bution of LDL-apoB/C ratios (Table 4). A statistical pro-
gram was employed to generate a histogram from the
observed data. This program plots the data in a step-wise
fashion by selecting a series of ratios around which
subgroups of ratios cluster. The critical ratios are called
the Midpoint Class Interval. This histogram was tested
for the presence of normal (Gaussian) distribution ac-
cording to Shapiro and Wilk (38). Signmificance was set at
P < 0.05.

One-way analysis of covariance with age as a covariate
also was used in the analysis of LDL-apoB/C ratios among
the groups (37).

RESULTS

Low density lipoproteins (LDL)

Concentrations of LDL-C*, LDL-apoB*, and LDL-
apoB/C ratios are given in Table 3. The lowest levels of
LDL-C* were in young and middle-aged men without
coronary disease. In both, concentrations of LDL-C* were
significantly lower than in hypertensive patients with nor-

TABLE 3. Concentrations of LDL-C* and LDL-apoB*
and ratios of apoB to C in LDL

Group (n) LDL-C* LDL-apoB* LDL-apoB/C
mgldl £ SD ratio + SD

YNG-NLP (30) 106 + 26¢ 58 £ 14¢ 0.56 + 0.08°
NTN-NLP (40) 118 + 327 80 + 25 0.65 £ 0.11
HTN-NLP (35) 141 + 31 89 + 24 0.64 + 0.12
CHD-NLP (72) 142 + 37 88 £ 25 0.62 + 0.09
CAD-NLP (43) 136 + 32 83 +17 0.62 + 0.10
CHD-HTG (37) 137 £ 37 94 + 30° 0.69 + 0.15°
CAD-HTG (25) 127 + 34 89 + 25 0.70 + 0.10°

“ Significantly lower than all groups; P < 0.0001 by ANOVA.

¢ Significantly higher than YNG-NLP and lower than other middle-
aged groups; P < 0.0001.

¢ Significantly higher than all groups; P < 0.0001.

mal lipids. The latter group had LDL-C* levels similar
to all four groups of coronary patients; among the latter,
no statistical differences were found.

The lowest concentrations of LDL-apoB* were found
in young, normolipidemic subjects. Middle-aged men
without elevated lipids or high blood pressure had sig-
nificantly higher levels of LDL-apoB* than younger men
even though LDL-C* concentrations were not different
for the two groups. There were no significant differences
in plasma LDL-apoB* among middle-aged groups except
for CHD patients with hypertriglyceridemia; the latter
had a mean LDL-apoB* level that was significantly higher
than any of the other groups.

Young normolipidemic subjects had lower LDL-apoB/
C ratios than any other group. There were no other
differences in LDL-apoB/C ratios among any other nor-
molipidemic groups, whether with or without coronary
disease. On the other hand, both hypertriglyceridemic
groups with coronary disease had significantly higher ra-
tios than all the other groups.

In Figs. 1-3, concentrations of LDL-apoB* are plotted
against LDL-C* levels for each of the seven groups. Com-
parisons for the three groups of control subjects are shown
in Fig. 1. For each control group there was a high and
statistically significant correlation between levels of LDL-
apoB* and LDL-C* (YNG-NLP, » = 0.763; NTN-NLP,
r = 0.888; and HTN-NLP, r = 0.816).

A statistical comparison of the regression lines showed
that the slopes of the lines were not statistically different
among the three groups. There were no distinct
subgroups in these three categories with disproportion-
ately high LDL-apoB* levels; however, each middle-aged
group had three patients with LDL-apoB* concentrations
exceeding 120 mg/dl.

The same comparisons for normolipidemic patients
with CHD and CAD are given in Fig. 2. For patients
with CHD and CAD, there were highly significant cor-
relations between levels of LDL-apoB* and LDL-C* (r
= 0.867 and 0.757, respectively). There were no signif-
icant differences between the slopes of these regression
lines and those of the control groups. Ten patients with
CHD had LDL-apoB* concentrations exceeding 120 mg/
dl; these patients also had relatively high concentrations
of LDL-C*, but the latter did not exceed the 95th per-
centile cutoff value. Only two patients with CAD had
levels of LDL-apoB* exceeding 120 mg/dl.

Results for the hypertriglyceridemic patients are given
in Fig. 3. The correlation coefficients between LDL-
apoB* and LDL-C* were highly significant for both
groups (CHD-HTG, r = 0.758; CAD-HTG, r = 0.859).
Compared to the other groups, the slopes of regression
lines for hypertriglyceridemic patients were not signifi-
cantly different. For 37 patients with CHD, five had a
plasma LDL-apoB* exceeding 120 mg/dl. Only two of
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Fig. 1. Plasma concentrations of LDL-apoB* vs. LDL-C* in three control groups: young normolipidemic (YNG-NLP), middle-aged normotensive
normolipidemic (NTN-NLP), and middle-aged hypertensive normolipidemic (HTN-NLP) subjects. For YNG-NLP subjects, LDL-apoB* levels
ranged from 30 to 90 mg/dl, and their cholesterol concentrations from 60 to 160 mg/dl. The correlation was high (r = 0.763). LDL-apoB*
concentrations for NTN-NLP and HTN-NLP groups ranged from 50 to 140 mg/dl, while the cholesterol levels ranged from 80 to 200 mg/
dl. The two parameters also correlated highly (» = 0.888 and 0.816 in NTN and HTN-NLP, respectively).

25 patients with CAD had an LDL-apoB* level over 120
mg/dl.

The distributions of LDL-apoB/C ratios for each group
are summarized in Table 4. All groups were tested for
Gaussian distribution of ratios (38). The young normo-
lipidemic controls were shown to have a normal distri-
bution with a peak ratio in the range of 0.50 and 0.59.
None of the other groups had a normal distribution.
Furthermore, there was a skewing towards higher ratios
in all groups including middle-aged controls. It seemed
particularly pronounced in patients with hypertriglycer-
idemia. Thus, increasing age and hypertriglyceridemia

1401
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1201

100}
8o}

LDL-B*
(mgrdl) goi

40t

y=0621x - 0549
r=0.867

I A I I L A J
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20F

appeared to contribute to higher LDL-apoB/C ratios in
some patients.

In Table 5, LDL-apoB/C ratios are compared for obese
and nonobese subjects; obesity was defined as weight
greater than 125% ideal body weight (% IBW). There
were no obese subjects among young normolipidemics.
Only a small number of middle-aged normolipidemic
subjects (NTN-NLP) were obese, and no effect was noted.
However, in hypertensive controls, the obese subgroups
did have a higher mean ratio. In normolipidemic, cor-
onary patients (CHD-NLP and CAD-NLP), no effect of
obesity was detected. On the other hand, obesity in hy-

140

1

CAD-NLP

120
100
80
60

40

20} y=0.392x +29.5
r=0.757

1 n i " A n '

0O 40 80 420 460 200 240 280
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Fig. 2. Concentrations of LDL-apoB* vs. LDL-C* of two normolipidemic groups of patients with coronary
disease (CHD-NLP and CAD-NLP). LDL-apoB* concentrations ranged between 40 and 140 mg/dl, and LDL-
C* levels from 60 to 200 mg/dl. There was a high correlation between LDL-apoB* and LDL-C#* (r = 0.867

and r = 0.757) in CHD and CAD, respectively.
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Fig. 3. Concentrations of LDL-apoB* vs. LDL-C* in two groups with hypertriglyceridemia and coronary
disease (CHD-HTG and CAD-HTG). LDL-apoB* concentrations in both groups ranged from 40 to 140 mg/
dl, and LDL-C* ranged from 80 to 200 mg/dl. LDL-apoB* and LDL-C* levels correlated highly (r = 0.785
and r = 0.859) for CHD and CAD groups, respectively.

pertriglyceridemic patients was associated with a higher
ratio. This was most evident in hypertriglyceridemic pa-
tients with CHD (P < 0.001), but a significant difference
also was present when the two hypertriglyceridemic
groups were combined (P = <0.02).

Very low density lipoproteins (VLDL)

Levels of VLDL-C*, VLDL-apoB*, and VLDL-
apoB/C ratios are shown for the seven groups in Table
6. Concentrations of VLDL-C* were similar in the two
normolipidemic groups with CHD and the two older con-
trol groups. Young normolipidemic subjects had some-
what lower levels. Mean VLDL-C* levels were higher in
hypertriglyceridemic patients than in corresponding
groups with normal plasma TG. Essentially the same pat-
tern was noted for VLDL-apoB* levels. There was some
variability in VLDL-apoB/C ratios throughout all the

groups, but no striking differences were noted among
any except that young subjects with normolipidemia had
the lowest ratios.

DISCUSSION

Numerous epidemiological studies have shown a pos-
itive correlation between plasma TC and risk for CHD
(2). This correlation also extends to LDL-C levels. It is
thus reasonable that a similar positive correlation would
exist between levels of LDL-apoB and CHD. Several
studies indeed support the latter, and some reports go
further to suggest that LDL-apoB levels are more highly
correlated with occurrence of CHD than LDL-C. Several
examples can be cited. Wayne et al. (39) reported that a
group of 89 patients with proven CAD had a2 mean

TABLE 4. Distribution of LDL-apoB/C ratios for each group?

LDL-apoB/C

Ratio YNG NTN HTN-NLP CHD-NLP CAD-NLP CHD-HTG CAD-HTG

range percent

0.40-0.44 3.4 4.7 5.3 2.4 2.5 2.5 0
0.45-0.49 6.9 9.3 0 5.9 10.1 2.5 0
0.50-0.54 38.1 6.9 7.9 14.2 12.5 4.9 0
0.55-0.59 31.3 4.7 10.6 20.4 27.5 29.3 20.8
0.60-0.64 10.4 18.6 36.8 16.7 7.5 7.3 16.7
0.65-0.69 3.4 23.3 13.1 29.7 12.5 12.2 16.7
0.70-0.74 6.9 16.3 15.8 5.9 14.9 17.1 16.7
0.75-0.79 0 6.9 2.7 2.4 12.5 12.2 8.3

0.80> 0 9.3 7.9 2.4 0.0 12.2 20.8

% Number in each group shown in Table 2.

Vega and Grundy ApoB and cholesterol in coronary heart disease 587

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

TABLE 5. LDL-apoB/C ratios in obese and nonobese subjects

Nonobese Obese
Group n %IBW LDL-apoB/C n %IBW LDL-apoB/C
mean + 8§D mean * SD
YNG-NLP 30 97 £ 8 0.57 £ 0.13
NTN-NLP 34 111 +9 0.64 = 0.10 6 151 + 12¢ 0.66 = 0.15
HTN-NLP 26 113+ 9 0.61 £ 0.11 9 139 + 147 0.71 £ 0.10?
CHD-NLP 56 109 = 8 0.62 = 0.09 16 134 + 10 0.61 = 0.09
CAD-NLP 37 100 = 16 0.63 + 0.09 6 136 £ 5 0.56 + 0.11
CHD-HTG 20 111 +9 0.61 = 0.09 17 131 + 8¢ 0.75 + 0.16%
CAD-HTG 18 107 £ 11 0.71 £ 0.11 7 149 + 147 0.75 £ 0.15
Both HTG 38 109 = 10 0.66 + 0.10 24 136 + 10 0.75 + 0.16*

“ Obese patients had a significantly higher ZIBW than nonobese (P < 0.001).

b Obese higher than nonobese (P < 0.02).

LDL-C level 34% higher than 60 normolipidemic con-
trols; in these same patients, LDL-apoB concentrations
in the CAD group were 41% higher. In another study,
Avogaro et al. (40) reported that LDL-C in CHD patients
was 13% higher than normal, while LDL-apoB was 46%
higher. In both of these studies LDL-apoB was estimated
by electroimmunoassay (EIA). Fager et al. (41), using the
same basic methodology, could not confirm a difference
between LDL-C and LDL-apoB as they related to cor-
onary disease. In their group of CHD patients, plasma
LDL-C was only 3% higher than control, and LDL-apoB
was only 5% higher. On the other hand, De Backer,
Rosseneu, and Deslypere (42), using immunonephelo-
metry to estimate LDL-apoB, found LDL-C to be in-
creased by 13% in CHD patients while LDL-apoB was
39% higher than control. These few reports thus suggest
the possibility that levels of LDL-apoB may be a better
indicator of CHD risk than LDL-C.

Two other studies of this type have been reported by
Sniderman et al. (3, 43). These workers estimated LDL-
apoB levels by radial immunodiffusion (RID). With this

TABLE 6. Concentrations of VLDL-C* and VLDL-apoB*
and ratios of apoB to C in VLDL

Group” VLDL-C* VLDL-apoB* VLDL-apoB/C

mgldl + SD ratio * SD
YNG-NLP 15+ 7 6+3 0.38 + 0.15
NTN-NLP 20 + 10 10+5 0.46 + 0.11
HTN-NLP 23 + 15 9+5 0.42 + 0.19
CHD-NLP 21 £ 10 8+5 0.42 + 0.13
CAD-NLP 21 + 7 12+6 0.53 + 0.17
CHD-HTG 59 + 35° 19 + 14° 0.42 + 0.14
CAD-HTG 49 + 23b 22 + gb 0.49 + 0.13

% See Table 2 for numbers (n).
b Significantly higher than other groups (P < 0.005) by ANOVA.
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procedure the concentration of apoB is directly propor-
tional to the diameter of the circle of immunoprecipitate.
Measurements of LDL-apoB were made on whole plasma;
the technique depends on the assumption that VLDL-
apoB does not contribute to the diameter of the RID
ring, while LDL-apoB does (19). In a first report (3),
these workers selected patients on the basis of angio-
graphic findings of coronary atherosclerosis. Thirty-one
control patients, who were shown to be without coronary
atherosclerosis, had a mean LDL-C of 112 mg/d! and
an LDL-apoB of 82 mg/dl (LDL-apoB/C ratio = 0.732).
In contrast, 59 patients with significant atherosclerosis
had higher levels of all (mean LDL-C = 134 mg/dl, LDL-
apoB = 118 mg/dl, and LDL-apoB/C = 0.881). More
recently, Sniderman et al. (43) have reported that high
LDL-apoB levels (and high LDL-apoB/C ratios) in pa-
tients with advanced CAD are frequently related to hy-
pertriglyceridemia. In a group of 47 patients with hy-
pertriglyceridemia and proven CAD, LDL-apoB levels
averaged 144 mg/dl (LDL-apoB/C = 0.918). These
workers thus used the term ‘‘hyperapobetalipoprotei-
nemia” to represent an increased plasma LDL-apoB in
the presence of a normal LDL-C; they suggest that hy-
perapobetalipoproteinemia is responsible for accelerated
atherosclerosis in many patients with CAD.

The investigations reported above raise three questions
that must be distinguished, although they are related.
The first is: are levels of LDL-apoB a better predictor
of CHD risk than concentrations of LDL-C? Second, is
there a subgroup of patients with CHD who have elevated
LDL-apoB levels but normal LDL-C; if so, such patients
can be said to have hyperapobetalipoproteinemia. And
third, do some patients with CHD have an abnormal com-
position of LDL that renders this lipoprotein unusually
atherogenic? Patients with hyperapobetalipoproteinemia
might have LDL particles of this type, but abnormal LDL
could also occur in patients with normal levels of LDL-
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apoB. Each of these three questions can be addressed
separately.

LDL-apoB as a risk factor for CHD

None of the studies described above proves that levels
of LDL-apoB are better indicators of CHD risk than are
concentrations of LDL-C. The present report, further-
more, does not resolve the issue. To determine whether
LDL-apoB is a better predictor of risk than LDL-C, a
large number of patients must be surveyed. It should be
pointed out that even when thousands of patients have
been screened, the degree to which LDL-C levels predict
CHD risk has been a matter of dispute (44). Not until
LDL-apoB levels are accurately measured along with
LDL-C in a large population will it become clear whether
LDL-apoB is a better index of CHD risk than LDL-C.
Prospective surveys, such as those done in the Fra-
mingham study (2) and the Pooling Project (45), are
needed rather than currently available retrospective in-
vestigations.

Hyperapobetalipoproteinemia

Next, let us ask whether any of the coronary patients
of the present study had hyperapobetalipoproteinemia.
By definition such patients must have normal levels of
LDL-C; to test the prevalence of this condition we elim-
inated all patients from the study who had LDL-C over
the 95th percentile by Lipid Research Clinic criteria (6,
7). In addition, to have hyperapobetalipoproteinemia,
patients must have an elevated LDL-apoB level. But what
constitutes an abnormally high level of LDL-apoB? The
upper limit of normal of LDL-apoB has not been defined
rigorously. According to Sniderman et al. (3, 43), an
LDL-apoB level over 120 mg/dl is elevated. The value
is compatible with our data. In the two older non-coronary
groups (NTG-NLP and HTN-NLP), the percentage of
patients with LDL-apoB levels over 120 mg/d] were 7.5%
and 8.7%, respectively, which for our relatively small
groups are not far from the 95th percentile cutoff value.
Furthermore, the 120 mg/dl outer limit approximates
the value obtained by multiplying the 95th percentile for
LDL-C from the LRC study by LDL-apoB/C ratios ob-
tained in normal subjects of the present investigation.

If we assume a value of 120 mg/dl as the upper normal
limit of LDL-apoB concentration for middle-aged men,
the following percentages of patients in each group with
coronary disease had hyperapobetalipoproteinemia (i.e.,
high plasma LDL-apoB and normal LDL-C): CHD-NLP
= 14%, CAD-NLP = 5%, CHD-HTG = 14%, and CAD-
HTG = 8%. For all four coronary groups combined, 19
of 177 patients (11%) could be called hyperapobetali-
poproteinemic.

Although some of the coronary patients fit the criteria
of hyperapobetalipoproteinemia, the fraction was con-
siderably less than reported by Sniderman et al. (3). They
studied 59 patients with angiographically proven, signif-
icant CAD all of whom had normal LDL-C levels below
the 95th percentile (7); of these, 34 (58%) were reported
to have LDL-apoB levels over 120 mg/dl. How then can
we account for the marked difference between the results
of Sniderman et al. (3, 43), and somewhat similar results
reported by others (39-42), and those of the present
study?

One possibility is that the patient populations were
different. In the report of Sniderman et al. (3), patients
were studied in Montreal; these patients may have come
from a relatively homogeneous population in which the
incidence of genetic disorders of lipoprotein metabolism
is high. Our patients could have been more heterogeneous
with fewer genetic disorders. Beyond any possible dif-
ferences in population, however, methodology could have
been a factor. Most previous reports have employed im-
munological techniques for estimating LDL-apoB,
whereas the present work measured LDL-apoB mass by
a modification of the procedure of Lowry et al. (22, 23).
This latter procedure should provide a direct measure-
ment of apoB mass while immunological procedures infer
mass from immunoreactivity; for the large insoluble apoB
embedded into a lipoprotein particle, immunoreactivity
may not always be identical to mass. For example, in the
study of Sniderman et al. (3), some of the patients could
have apparently elevated levels of LDL-apoB because of
differences in immunoreactivity of apoB among different
individuals. According to these workers (3), VLDL-apoB
does not contribute to the LDL-apoB mass as measured
in their RID system; they claim that 1.5% agarose excludes
VLDL particles (19). However, recent studies have shown
that many patients (46), particularly those with familial
combined hyperlipidemia (47), have VLDL with particle
sizes near to those of LDL. These particles, therefore,
might diffuse in 1.5% agarose. Since Sniderman et al.
(43) reported that a significant proportion of patients
with hyperapobetalipoproteinemia have elevated plasma
TG, relatively high levels of VLDL-apoB in these patients
could have increased their apparent LDL-apoB to levels
over 120 mg/dl if diffusible VLDL were present.

Abnormal composition of LDL

By definition, patients with hyperapobetalipopro-
teinemia have an abnormal composition of LDL (i.e., a
high LDL-apoB/C ratio). This has been documented in
a recent report by Teng et al. (48). Since the proportion
of our patients with categorical hyperapobetalipoprotein-
emia was relatively small, we might ask whether many of
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the remaining patients with coronary disease had a high
ratio of apoB to C in LDL. If so, such lipoproteins might
be unusually atherogenic. In the first report of Sniderman
et al. (3), a sizable number of patients with proven CAD
apparently had unusually high ratios of apoB to C in LDL
in spite of having normal levels of both LDL-apoB and
LDL-C.

To determine whether the same was true for our pa-
tients, it is necessary first to define the normal LDL-
apoB/C ratio. Most young controls in our study had ratios
below 0.60. Older control subjects on the average had
higher ratios. Seemingly, LDL-apoB/C ratios frequently
rise with age. In Table 4 the distribution of LDL-apoB/
C ratios is given for each group; the results suggest that
ratios exceeding 0.75 to 0.80 are abnormally high, al-
though a study of many more subjects would be required
to define a normal distribution curve for the adult pop-
ulation.

For normotriglyceridemic patients with CHD and
CAD, the mean LDL-apoB/C ratio was not higher than
the two control groups of older normolipidemic patients.
For hypertriglyceridemic patients with coronary disease,
the mean ratio of LDL-apoB/C was higher than that of
other groups, whether coronary or control (Table 2).
However, the ratios in both groups with high TG were
distributed widely; some patients clearly had unusually
high ratios, but others had relatively low ratios (Table
4). In patients with elevated TG levels, high ratios ap-
peared to be related in part to obesity (Table 5).

The studies of Hammond and Fisher (34), Fisher (49),
and Fisher, Hammond, and Warmke (50) have demon-
strated that many patients with hypertriglyceridemia have
“polydisperse” LDL. On analytical ultracentrifugation
there is a bimodal distribution of LDL particle size. Some
particles are larger than normal; others are smaller. Their
data indicate that two factors can cause an increase in
the LDL-apoB/C ratios in these patients: a) replacement
of cholesteryl ester by triglyceride in larger LDL, and
by deficiency of total core lipids in small LDL.. Redgrave
and Carlson (51) have also shown that patients with hy-
pertriglyceridemia often have an increase in apoB/C
ratios in LDL. Teng et al. (48) have recently confirmed
the presence of multiple species of LDL in a group of
patients with hypertriglyceridemia, and these patients also
showed increased amounts of small, “‘heavy” LDL with
a high LDL-apoB/C ratios. In addition, they observed a
group of normotriglyceridemic patients having high LDL-
apoB levels and normal LDL-C concentrations who had
a similar abnormatl pattern in LDL.

The major purpose of this study was to examine the
possibility that measurement of apoB concentrations in
LDL may uncover a metabolic defect in patients with
coronary disease that cannot be detected by determination
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of LDL-C levels alone. For the vast majority of our cor-
onary patients with normolipidemia, LDL-apoB levels
were not increased disproportionally to LDL-C; the term
hyperapobetalipoproteinemia was applicable to only about
11% of this group compared to about 8% for non-cor-
onary patients. Also, most coronary patients with hyper-
triglyceridemia did not have a definite elevation of LDL-
apoB levels, and again, only about 10% could be said to
have hyperapobetalipoproteinemia. On the other hand,
many hypertriglyceridemic patients did have high LDL-
apoB/C ratios suggestive of a defect in apoB metabolism.
This high ratio may reflect an increased turnover rate
of LDL-apoB observed frequently in hypertriglyceridemic
patients with CHD (52).H
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