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Abstract The turnover rates of low density lipoprotein-
apolipoprotein B (LDL-apoB) were determined in 32 men
with coronary heart disease (CHD) and 11 control men with
normal plasma lipids. Thirty patients with CHD had normal
levels of LDL-cholesterol (LDL-C); of these patients, 9 had
hypertriglyceridemia and 21 had normal plasma lipids. Mean
concentrations of total cholesterol and LDL-C were similar
among the control subjects and CHD patients, although the
latter had significantly lower HDL-C. In control subjects,
transport rates and fractional catabolic rates (FCR) of LDL-
B were 10.6 + 0.5 (SEM) mg/kg-day and 0.31 + 0.01 pools/
day, respectively. In 10 hypertriglyceridemic patients with
CHD, transport rates were 21.7 + 1.7 mg/kg-day, and FCRs
averaged 0.56 * 0.06 pools/day; both were significantly
higher than normal (P < 0.05). Six normolipidemic patients
also had abnormally high transport rates of LDL-apoB (19.4
t+ 2.8 mg/kg-day) and FCRs (0.51 + 0.03 pools/day); again
both were higher than normal. The remaining 16 normo-
lipidemic patients with CHD had normal transport rates (9.9
+ 0.6 mg/kg-day) and FCRs (0.28 + 0.01 pools/day).BlThus,
hypertriglyceridemic patients with CHD and a portion of
normolipidemic patients with CHD were characterized by
increases in both transport and fractional catabolic rate of
LDL-apoB; these abnormalities in LDL metabolism may
have contributed to their coronary heart disease. However,
the majority of normolipidemic patients with CHD did not
show a distinct defect in their LDL metabolism.—Vega,
G. L., W. F. Beltz, and S. M. Grundy. Low density lipopro-
tein metabolism in hypertriglyceridemic and normolipidemic
patients with coronary heart disease. J. Lipid Res. 1985. 26:
115-126.
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Elevations of plasma cholesterol and low density
lipoproteins (LDL) are known risk factors for coronary
heart disease (CHD) (1-4). As LDL levels increase,
more LDL presumably filters into subintimal regions
(5), and the cholesterol carried in LDL accumulates
within the arterial wall. The contribution of LDL to
atherosclerosis, however, may not be determined solely
by plasma concentrations. Other abnormalities in

metabolism of LDL also may affect the atherogenicity
of this lipoprotein. For example, it has been proposed
that normal LDL must be modified before it can
induce the development of foam cells (6). Other metab-
olism abnormalities may also render LDL more
atherogenic.

There are several reports of such abnormalities (7-17).
Defects both in composition and metabolism of LDL
have been noted in patients with CHD who have rela-
tively normal levels of LDL. The present study, there-
fore, was undertaken to examine further whether al-
terations in metabolism of LDL can be identified in
patients with CHD who do not have definite hyper-
cholesterolemia. Two types of patients were chosen for
investigation: a) those with hypertriglyceridemia and
b) those with normolipidemia. The results demonstrate
that most hypertriglyceridemic patients with CHD
have defects in metabolism of LDL as do a portion of
normolipidemic patients.

METHODS

Patients

Forty-three men were studied; most of the studies
were carried out on the metabolic ward of the Veterans
Administration Medical Center and the General Clini-
cal Research Center of the Parkland Memorial Hospital,

Abbreviations: CHD, coronary heart disease; LDL-apoB, low
density lipoprotein-apolipoprotein B; LDL, low density lipoprotein;
VLDL, very low density lipoprotein; HDL, high density lipoprotein;
FCR, fractional catabolic rate; IDL, intermediate density lipoprotein;
C, cholesterol; TG, triglyceride; HTG, hypertriglyceridemia.

"To whom reprint requests should be addressed at: Center for
Human Nutrition and Biochemistry, University of Texas Health
Science Center at Dallas, 5323 Harry Hines Blvd., Room G4-100,
Dallas, TX 75235.
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Dallas, Texas. Thirty-two patients were selected for the
study on the basis of having coronary heart disease
(CHD) and normal LDL-cholesterol levels. Ten patients
had persistent hypertriglyceridemia (HTG). Six patients
had occasional HTG, but they were consistently normo-
lipidemic during the study. The remaining 16 patients
were persistently normolipidemic. HTG was defined as
a plasma triglyceride (TG) level greater than the 95th
percentile for the population of the same age and sex as
reported in the Lipid Research Clinic (LRC) Population
Prevalence Survey (18, 19). CHD was defined as docu-
mented myocardial infarction or coronary artery by-
pass graph. Neither myocardial infarction nor coronary
surgery had occurred during the 6 months before study.
None of the patients had marked obesity. For all
patients, percent ideal body weight (% IBW) varied
between 97 and 129% (mean % IBW was 115 + 3%)
(20). None of the patients had received hypolipidemic
drugs for 6 months prior to the study, and none of the
patients had diabetes mellitus, gastrointestinal or liver
diseases, or other endocrine disorders. Family screening
for hyperlipidemia was carried out on as many patients
as possible as described by Beil et al. (21).

Eleven normolipidemic subjects were studied as
controls (Table 1). They were all men of ages 38 to 68
years (mean = 55 + 3 yr). None had a history of CHD
or angina pectoris. Their mean weight was 76 + 3 kg
(ideal weight 106 + 14%). All of these subjects were
healthy, and none had a history of significant illness. In
four of these controls (Nos. 5, 6, 7, 8), turnover studies
were carried out at the San Diego Veterans Administra-
tion Medical Center, under essentially identical condi-
tions (22).

The clinical characteristics of each patient with
HTG are shown in Table 2. Mean age for this group
was 50 + 2 (SE) yrs at time of study. Six of ten gave a
history of CHD in first degree relatives. Hyperlipid-
emia, either hypercholesterolemia or hypertriglycerid-

TABLE 1. Clinical data: normolipidemic subjects without
coronary heart disease

% Ideal
Patient Age Weight Weight
yr kg %
1 61 84 112
2 60 75 112
3 45 58 84
4 58 98 118
5 62 75 114
6 54 75 101
7 68 56 81
8 56 78 110
9 42 75 105
10 38 87 117
11 58 76 110
Mean + SEM 55 + 3 76 + 3 106 + 14
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emia, was documented in other family members for
seven patients, while in two patients (Nos. 17 and 21),
levels could not be obtained on other family members.

Clinical characteristics of the remaining 22 CHD
patients with normolipidemia are given in Table 3. The
mean age of this group was 61 + 1 yr. A positive
history for CHD in the family was reported in 11
patients. It was possible to obtain plasma lipid data on
first degree relatives in only 15 patients, and of these
only 9 families were found to have at least one member
with hyperlipidemia. Patients number 22 through 27
had a history of intermittent HTG, but during the time
of study, their plasma TG levels were not elevated.
Patient 22 was the brother of patient 18.

None of the patients in the above groups had un-
stable angina pectoris, congestive heart failure, or
disorders of the gastrointestinal or endocrine systems.
Ten of the patients with HTG and 4 of the patients
without HTG were taking beta adrenergic blocking
agents at the time of study. All patients had a history
of smoking, although only 16 were smokers at the time
of study. Each patient gave informed consent to partici-
pate in the study.

Experimental design

Plasma lipid screening was carried out for each
patient while they were on their home diet. Upon
entrance into the current study the patients started on
a metabolic diet. The majority of the patients under-
went their whole study as inpatients on the metabolic
ward of the VA Medical Center at Dallas. In the re-
mainder, the study was initiated on the metabolic ward
and patients remained hospitalized for 3 to 7 days;
thereafter, the study was completed with subjects as
outpatients. They followed the same diet whether they
were inpatients or outpatients. All patients took a
repetitive solid food diet consisting of 40% of calories
as fat (18 % saturated, 17% monounsaturated, and 5%
polyunsaturated), 45% as carbohydrate, and 15% as
protein. Daily intake of cholesterol was approximately
300 mg. This diet was designed to resemble the “typical
American” diet. The inpatients were fed from the
metabolic kitchen. A daily menu was given to out-
patients, and they were counselled on food preparation
and serving sizes. A daily diet diary was kept by these
patients. Inpatients’ weights were monitored daily, and
serving sizes were adjusted to maintain constant weight.
Outpatients were weighed frequently and advised if
changes in caloric intake were needed. During the
turnover study the patients’ weights were relatively
constant; their coefficient of variation in weight (SD of
weights/mean weight) varied from 0.0029 to 0.0087
(mean + SD = 0.0055 + 0.0016). None of the patients
showed a distinct trend toward weight gain or weight
loss throughout the study.
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TABLE 2. Clinical data: hypertriglyceridemic patients with coronary heart disease

Hyperlipidemia in

Age of Famil
% Ideal Ognset Historilr M
Patient Age Weight Weight of CHD of CHD Chol” TG®
yr kg % yr
12 36 84 113 34 0 3/3 0/3
13 41 86 118 36 + 4/8 2/8
14 47 84 106 46 + U7 4/7
15 56 77 111 51 + 1/4 0/4
16 51 88 114 40 + 0/3 0/3
17 57 80 120 47 n.a. n.a. n.a.
18 54 80 122 45 + 3/9 1/9
19 56 75 113 54 + 0/7 17
20 51 76 115 30 0 2/10 2/10
21 32 99 125 30 n.a. n.a. n.a.
Mean + SEM 50 + 2 8l + 2 115 + 2 43 + 3

“The numerator is the number of relatives of the patient who had either elevated plasma cholesterol (Chol)
or triglycerides (TG). The denominator is the total of first degree relatives tested.

Abbreviations: Chol, cholesterol; TG, triglyceride; + , positive family history of premature atherosclerosis;
0, negative family history; n.a., history not available.

A measurement for turnover rates of LDL was initi-

ated after 2 weeks on the metabolic diet. Plasmaphere-
sis was carried out to obtain plasma for isolation of
LDL by preparative ultracentrifugation; LDL was
then radioiodinated and reinjected into the patient 5
days after plasmapheresis. Disappearance of radioac-
tivity from the plasma was monitored for 20 days, and
levels of plasma lipids, lipoprotein cholesterol, and
LDL-apolipoprotein B (LDL-apoB) were measured
repeatedly throughout the study. Patients received 0.5

to 0.9 g of KI orally in divided doses each day to sup-
press uptake of radioiodine by the thyroid.

Plasma total and lipoprotein lipids

Plasma lipids and lipoprotein-cholesterol were esti-
mated every 3 days throughout the turnover study. Cho-
lesterol was measured by the procedure of Roeschlau,
Bernt, and Gruber (23). The cholesterol standard sup-
plied by Behringer-Mannheim was calibrated using
pooled reference plasma as standard. The cholesterol in

TABLE 3. Clinical data in coronary heart disease patients without hypertriglyceridemia

Age of Famil Hyperlipidemia in

% Ideal Ognset Histor{f M

Patient Age Weight Weight of CHD of CHD Chol” TG*®

yr kg % yr
22° 57 70 108 48 + 3/9 1/9
23 59 100 126 34 + 0/3 0/3
24 70 82 116 40 0 0/8 1/8
25 55 90 120 54 n.a. n.a. n.a.
26 59 72 108 55 + 0/7 0/7
27 74 74 108 60 n.a. n.a. n.a.
28 56 83 115 45 0 0/6 1/6
29 64 86 117 62 + 0/4 1/4
30 61 82 116 4] n.a. n.a. n.a.
31 57 89 115 49 n.a. n.a. n.a.
32 59 80 127 55 n.a. n.a. n.a.
33 48 76 111 42 0 0/8 1/8
34 58 73 97 44 + 0/1 0/1
35 39 86 100 51 + 0/5 0/5
36 65 97 129 54 + 1/2 0/2
37 66 76 114 64 + n.a. n.a.
38 60 80 101 52 + 0/5 0/5
39 67 67 104 66 + n.a. n.a.
40 66 70 108 60 0 1/8 0/8
41 59 67 97 58 0 1/4 0/4
42 66 75 124 63 0 1/5 1/5
43 65 90 113 50 + 0/3 0/3
Mean + SEM 61 + 1 80 + 2 112 £ 2

“The numerator is the number of relatives of the patient who had either elevated plasma cholesterol (Chol)
or triglycerides (TG). The denominator is the total of first degree relatives tested.

bPatient 22 is the brother of patient 18.
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the latter was determined by gas-liquid chromatog-
raphy. Triglycerides in whole plasma also were measured
enzymatically (24).

Cholesterol (C) in VLDL, LDL, and HDL, and
VLDL-TG were determined as previously described
(17, 25). VLDL was isolated by ultracentrifugation at
d < 1.006 g/ml. Cholesterol was determined in the
infranatant [LDL-C + IDL-C + HDL-C]. LDL
+ IDL was precipitated by phosphotungstic acid and
magnesium (26), and HDL-C was determined enzymati-
cally in the supernatant. It has been reported that
HDL-C levels determined with the phosphotungstic
acid method average 3-5 mg/dl lower than those ob-
tained with heparin-manganese precipitation (27), and
this was confirmed in our laboratory. LDL-C + IDL-C
was calculated by difference.

IDL-C and LDL-C were estimated by an equation
developed from the data of Nichols (28); this worker
presented values for IDL (total mass of S; 12-20 lipo-
proteins) relative to LDL (total mass of S; 0-12) in a
large number of patients with varying levels of VLDL
(total mass of S; 20-400). Assuming that VLDL-TG
= 0.6 VLDL (29), the IDL/LDL ratio (R,,) can be
estimated from the data of Nichols (28) by the fol-
lowing equation: R, = (0.283 x 107°) (VLDL-TG)
+ 0.1144 (r = 0.953, P < 0.004). The chemical com-
positions of IDL and LDL were determined recently
for 12 normolipidemic and 12 hypertriglyceridemic
patients by Mattson and Grundy (15). For normotri-
glyceridemic subjects, IDL-C = 0.167 IDL and LDL-C
= (0.326 LDL,; for patients with HTG, IDL-C = 0.191
IDL and LDL-C = 0.311 LDL. Thus, for normotri-
glyceridemic patients, the IDL-C/LDL-C ratio (R.)
= (0.167/0.326) R,, = 0.5123 R,, and for patients
with HTG, R, = 0.6141 R,,. Since (IDL-C + LDL-C)
was measured, the following equations can be derived
to estimate LDL-C:

for normotriglyceridemic patients,
LDL-C = (IDL-C + LDL-C)/(0.5123 R, + 1) Eq. I

and for hypertriglyceridemic patients,
LDL-C = (IDL-C + LDL-C)/(0.6141 R,, + 1). Eq. 2

Isolation of LDL for compositional analysis

LDL was isolated for compositional analysis every 3
days during the study. Four ml of plasma was used for
isolation of LDL for compositional analysis. To this
plasma was added 2 ml of a salt solution of 0.499 M
NaBr and 0.195 M NaCl according to the method of
Lindgren and Jensen (30). This mixture was made in
6-ml Ultra-Clear Beckman ultracentrifuge tubes. The
resulting solution had a density of 1.019 g/ml. The tubes
were spun in a fixed-angle Beckman 50.3 Ti rotor, at
40,000 rpm for 20 hr at 15°C (31). The top 2 ml was
aspirated and designated VLDL. The infranatant was
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brought to a density of 1.070 g/ml in the same tube by
addition of 2 ml of 2.099 M NaBr and 0.195 M NaCl.
LDL was then isolated by ultracentrifugation as de-
scribed above for VLDL; the top 2 ml was aspirated
again.

Lipoproteins were dialyzed against 0.15 M NaCl
containing 0.15 mM chloramphenicol, 1.5 mM sodium
azide, and 0.27 mM EDTA at pH 7.4 (31). Extensive
dialysis was carried out shortly after isolation. Total
protein in LDL was measured by a modification of the
Lowry procedure (17). ApoB concentration in the lipo-
proteins was calculated as the difference between total
protein in the fractions and soluble proteins after pre-
cipitation of apoB by isopropyl alcohol (17, 32).

Bovine serum albumin (BSA), obtained from the
National Bureau of Standards, was used as a protein
standard. The stability of the standard was monitored
routinely by measuring its absorbance at 280 nm and
using E.» = 6.6 (33). The protein mass of LDL was
measured by the procedure of Markwell et al. (34) as
described previously (17). ApoB was precipitated with
isopropyl alcohol (17, 32). Since the chromogenicity of
the small quantity of proteins soluble in isopropanol
was not determined, a ratio of 1.0 compared to BSA
was used for this fraction. Cholesterol concentration in
isolated LDL was determined enzymatically as de-
scribed above. Absolute concentration of LDL-apoB
was estimated by taking the ratio of apoB-cholesterol in
isolated LDL and multiplying by LDL-C estimated as
described in the preceding section.

LDL-apoB kinetics

Radioiodination of autologous LDL-apoB. LDL
(1.02-1.063 g/ml) was isolated from the plasma of each
patient and the apoprotein was labeled with '**I by the
iodine-monochloride method of McFarlane (35) as
modified by Langer, Strober, and Levy (36) and Bil-
heimer, Eisenberg, and Levy (37). Unbound '**I was
removed by extensive dialysis and the labeled LDL was
diluted with 5% human serum albumin and sterilized
by passage through a 0.22-um pyrogen-free Millipore
filter. The mean percent radioactivity in the lipid ex-
tract was 7.3 + 3.9%; the average trichloroacetic acid-
precipitable counts were 98 £ 0.12%. Usually 36-50
uCi of labeled LDL, and 5-10 mg of unlabeled LDL
were injected intravenously. Blood samples were col-
lected at 10 and 20 min, and 1, 4, 8, 12, and 24 hr.
Thereafter samples were collected every 12 hr for the
subsequent 3 days and, finally, every 24 hr from the 4th
through the 20th day of the turnover study. Determina-
tion of radioactivity was made on samples obtained at
each time interval, and plasma lipids, lipoprotein cho-
lesterol, and LDL-apoB were measured twice weekly.
All radioactivity was measured in a gamma counter.

The fractional catabolic rate (FCR) and transport
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rates were determined as described by Matthews (38).
Briefly, the die-away curve of the plasma radioactivity
was bi-exponential. FCR of LDL-apoB was calculated
using a two-pool mammillary model; transport rate of
LDL-apoB was calculated by multiplying the pool size
of LDL-apoB by the FCR; plasma volume was deter-
mined by isotope dilution at 10 min after injection of
LDL. LDL-C transport was estimated by dividing the
LDL-apoB transport by the LDL-apoB/C ratio. Data
‘were normalized to kg of body weight.

Statistical analysis. Linear statistical procedures
available as Interactive Statistical Programs (ISP) were
used for data analysis. 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
comparison of all parameters for all groups.

RESULTS

The plasma lipids, lipoprotein-cholesterol, and kinetic
parameters for LDL are summarized for all the groups
in Tables 4 through 9. Results for normal subjects will
be described first and data for other groups will be
compared to these.

Normal subjects

In this group (Table 4 and Table 5), plasma choles-
terol and TG ranged from 162 to 252 mg/dl and 66 to
244 mg/d], respectively [mean cholesterol = 202 + 9
mg/dl (SEM); mean TG = 128 + 15 mg/dl]. HDL-
cholesterol averaged 42 + 5 mg/dl. The levels of LDL-
C varied between 97 and 146 mg/dl (mean = 126 + 4
mg/dl), and LDL-apoB between 67 and 95 mg/dl
(mean = 76 + 3 mg/dl), respectively. The LDL-apoB/C
ratio averaged 0.61 + 0.02; the FCR ranged from 0.26

to 0.36 pools/day (mean = 0.31 + 0.01 pools/day) and
the transport rate ranged from 7.9 to 12.9 mg/kg-day
(mean = 10.6 + 0.5 mg/kg-day).

Hypertriglyceridemic patients with CHD

The mean plasma cholesterol in this group was 245
+ 11 mg/dl; the TG levels averaged 589 + 96 mg/dl
(Table 6). The latter were significantly higher than in
normal subjects. HDL-C levels averaged 26 + 1 mg/dl,
a mean significantly lower than that of the normal
group. LDL-C levels in hypertriglyceridemic patients
ranged from 75 to 191 mg/dl (mean = 117 + 16 mg/dl);
LDL-apoB concentrations varied between 54 and 209
mg/dl (mean = 99 + 14 mg/dl) (Table 7). The concen-
trations of LDL-apoB but not LDL-C were signifi-
cantly higher than those of the normal subjects. How-
ever, the FCR of LDL-apoB (mean = 0.56 + 0.06
pools/day), the transport rates of LDL-apoB (mean
= 21.0 + 1.7 mg/kg-day) and LDL-apoB/C ratios
(mean = 0.89 + 0.06) were significantly higher than
in normal subjects (P < 0.05). The LDL-apoB levels
correlated negatively with FCR (r = —0.58; P < 0.015);
in other words, when FCR was relatively low, LDL.-
apoB levels tended to be high. Linear regression analy-
sis also demonstrated a positive correlation between
LDL-apoB/C ratios and FCR (r = 0.63; P < 0.07).

Normolipidemic patients with CHD

The 23 patients of this group were of two types: a)
those with a high FCR of LDL-apoB (FCR > 0.40
pools/day) and b) those with a relatively low FCR (FCR
< 0.34 pools/day). These are designated subgroups A
and B, respectively. The two subgroups appeared to
differ on other grounds as discussed below; therefore,
they are considered separately.

Subgroup A. In this subgroup of six patients, levels of
plasma cholesterol and TG during the study averaged

TABLE 4. Plasma lipids and lipoprotein cholesterol: normal subjects

Plasma Lipoprotein cholesterol
Patient Chol TG VLDL IDL LDL HDL
mg/dl + SD mg/dl + SD
1 190 + 12 (5)° 157 + 38 27 + 4 9x2 123 + 12 31 + 2
2 179 + 20 (7) 82 + 19 12 £+ 3 8§ +2 125 + 13 28 + 3
3 162 + 10 (3) 66 + 10 9+ 2 71 114 + 8 32 t 4
4 186 + 6 (7) 127 + 28 20 + 3 9+1 127 + 4 30 + 2
5 201 + 3 (7) 109 + 6 15+1 8 +1 122 + 3 56 + 1
6 162 + 3 (8) 149 + 8 28 + 5 71 97 + 8 45 + 4
7 221 + 4 (8) 78 + 3 11 + 1 8§ +1 120 £ 5 82 + 1
8 252 + 6 (9) 244 £ 15 41 + 2 15«1 145 £ 5 51 +3
9 206 + 21 (6) 92 + 22 18 £+ 3 8+3 129 + 18 42 £ 5
10 217 = 15 (6) 161 + 17 25+ 5 11 + 2 146 + 15 35 + 2
11 251 + 14 (5) 146 + 25 24 £ 5 10 + 3 143 + 17 35 + 4
Mean + SEM 202 + 9 128 + 15 21 + 3 91 126 + 5 42 + 5

“Number of determinations.
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TABLE 5. LDL kinetic parameters: normal subjects

LDL-apoB
LDL-apoB LDL-apoB LDL-apoB Transport
Patient Conc. Pool Size LDL-apoB/C FCR Rate
mg/dl + SD mg/pool ratio + SD pools/day mg/kg-day
1 73+ 7 2247 0.59 £ 0.04 0.28 8.2
2 73 + 14 2632 0.58 £ 0.08 0.28 9.8
3 67 + 6 1745 0.59 = 0.04 0.36 10.8
4 67 £ 7 2958 0.53 £ 0.07 0.34 10.3
5 87 + 3 3179 0.71 = 0.02 0.29 12.3
6 71 £ 3 2355 0.73 + 0.07 0.32 10.0
7 70 £ 3 1818 0.58 + 0.03 0.40 12.9
8 81 + 4 2361 0.56 £ 0.05 0.26 7.9
9 83 + 11 2767 0.64 + 0.03 0.34 12.5
10 95 + 9 3724 0.65 + 0.03 0.28 11.9
11 72 + 8 2432 0.50 + 0.01 0.31 9.9
Mean + SEM 76 £ 3 2583 + 172 0.61 + 0.02 0.31 £ 0.01 10.6 = 0.5

209 + 23 mg/dl and 166 + 16 mg/dl, respectively
(Table 8). However, before the study, some of these
patients were noted to have elevated levels of plasma
TG. Examples included isolated TG levels of 972, 779,
400, 480, and 600 mg/dl in patients 23-27, respectively.
However, none of the patients demonstrated hypertri-
glyceridemia throughout the month of the turnover
study; nonetheless, their HDL-C levels (26 + 3 mg/dl)
were significantly lower than normal (P < 0.05).

Concentrations of LDL-C and LDL-apoB in sub-
group A averaged 138 + 18 mg/dl and 87 + 10 mg/d|,
respectively (Table 9). The mean FCR was 0.51 + 0.03
pools/day, and average transport rates of LDL-apoB
(19.4 + 2.8 mg/kg-day) were similar to those of the
hypertriglyceridemic patients with CHD and signifi-
cantly higher than normal (P< 0.05). Their LDL-
apoB/C ratios (0.66 + 0.03) were not significantly
higher than normal.

Subgroup B. This subgroup included 16 patients.

Plasma cholesterol and TG levels were 214 + 7 mg/dl
and 143 + 13 mg/dl, respectively (Table 8). Mean
HDL-C (31 + 2 mg/dl) was lower than normal (P
< 0.05). The mean FCR of LDL-apoB for this sub-
group was 0.28 + 0.01 pools/day; transport rates of
LDL-apoB averaged 9.9 + 0.6 mg/kg-day, and LDL-
apoB/C ratios were 0.59 + 0.02 (Table 9). None of
these parameters differed from normal. In this sub-
group, there was no correlation between LDL-apoB
levels and FCR (r = —0.14); in contrast, a very high
correlation existed between concentrations and transport
rates of LDL-apoB (r = 0.81; P < 0.001).

DISCUSSION

Elevated levels of LDL are known to accelerate
atherosclerosis. However, many patients with CHD do
not have abnormally high concentrations of LDL. Most

TABLE 6. Plasma lipids and lipoprotein cholesterol: patients with coronary heart disease
and hypertriglyceridemia

Plasma Lipoprotein cholesterol
Patient Chol TG VLDL IDL LDL HDL
mg/dl £ SD mg/dl + SD

12 234 £ 32(7)° 761 x 168 156 + 44 9+2 49+12 223
13 225 £ 19(7) 966 + 148 73+ 13 22+3 104+12 23%3
14 183 + 19 () 980 = 117 11 + 8 10+2 4511 22+4
15 246 + 19 (5) 361 + 92 91 + 18 1421 1148 27%5
16 302 +9(5) 1014 + 136 194 £ 22 162  75+11 24 %2
17 228 + 14(7) 307 + 58 57+ 20 153 137 +23 2813
18 233 + 25(6) 279 + 84 39 + 3 16 +2 147+ 22 31 +4
19 233 + 10(7) 339 + 36 56 +22 151 13213 31 x4
20 299 + 69 (7) 438 £ 65 72+ 14 23+2 17517 28 x4
21 267 £ 31 (5) 449 = 115 126 + 41 28 +4 191 £29 21 £3
Mean + SEM 245 + 11° 589 + 96° 98 + 16° 17 + 2" 117 + 16 26 £ 1°

“Number of determinations.

*Significantly greater than normal (P < 0.05).
‘Not significantly different from normal.
“Significantly below normal (P < 0.05).
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TABLE 7. LDL-apoB kinetics: patients with coronary heart disease and hypertriglyceridemia

LDL-apoB
LDL-apoB LDL-apoB LDL-apoB Transport
Patient Conc. Pool Size LDL-apoB/C FCR Rate
mg/dl + SD mg/pool ratio + SD pools/day mg/kg-day
12 54 + 6 1880 1.1 £ 0.3 0.78 17.5
13 92°+ 5 3589 0.89 + 0.03 0.37 15.4
14 54 £ 13 1920 1.2 £ 0.1 0.86 19.7
15 89 + 8 3025 0.78 + 0.06 0.61 23.9
16 71 £ 6 2461 0.94 + 0.15 0.66 18.5
17 120 £ 13 4546 0.88 + 0.02 0.31 17.6
18 112 + 29 3805 0.76 = 0.12 0.65 30.9
19 82 + 7 2468 0.62 + 0.03 0.50 16.5
20 103 + 28 3537 0.59 + 0.03 0.43 20.0
21 109 + 34 6789 1.1 + 0.02 0.44 30.2
Mean + SEM 99 + 14° 3402 + 464° 0.89 + 0.06° 0.56 + 0.06° 21.0 + 1.7

“Significantly higher than normal (P < 0.05).

CHD patients with normal LDL levels are normolipid-
emic, but some have hypertriglyceridemia. Although
their levels of LDL are normal, their LDL still might
enhance atherogenesis because of a defect in its metab-
olism. For instance, high concentrations of LDL-apoB
in CHD patients with normal levels of LDL-C, reported
by Sniderman et al. (7, 10, 16), could be the result of

abnormal metabolism of LDL. Furthermore, Keséniemi
and Grundy (13) described a small group of normolipid-
emic patients with CHD who had an abnormal turnover
rate of LDL; the prevalence of this defect in CHD
patients however was not determined. More recently,
Vega and Grundy (17) reported that the LDL in many
hypertriglyceridemic patients with CHD is abnormal

TABLE 8. Plasma lipids and lipoprotein cholesterol: patients with coronary heart disease
and normolipidemia

Plasma Lipoprotein cholesterol
Patient Chol TG VLDL IDL LDL HDL
mg/dl + SD mg/dl + SD
Subgroup A
22 299 + 8 (7)° 184 + 43 28 + 4 20+1 161 +7 30 + 2
23 161 + 22 (6) 182 + 14 33 + 4 1I5+3 10321 18+ 2
24 141 £ 10 (5) 164 + 9 28 + 1 13 +1 89 + 9 17 + 2
25 255 + 24 (4) 124 + 9 42 + 8 24+2 170 +13 31 %3
26 180 + 4 (6) 119 + 13 15+ 3 15+1 106 + 4 35 + 3
27 285 + 31 (5) 295 + 32 4 + 7 31+6 20035 24 +3
Mean + SEM 209 + 23° 166 + 16° 31 + 4 20 £+ 3 138 + 18 26 + 3¢
Subgroup B
28 247 + 22 (5) 239 + 21 77T+ 7 131 156 + 6 24 + 2
29 203 + 24 (7) 123 + 20 21 £ 1 9+1 12612 28313
30 235 + 38 (7) 151 + 19 25+ 5 13+2 173+33 25+ 2
31 246 + 50 (7) 142 + 21 23 + 6 13+3 186 +50 24 +1
32 194 + 39 (7) 149 + 54 2 + 6 10+5 135 £33 25+ 3
33 2923 + 9 (7) 136 + 26 32+5 11+1 152 +11 28+ 2
34 183 = 20 (7) 121 + 10 28 + 9 8 +1 118 = 8 30 £ 3
35 248 + 13 (6) 117 £ 7 31 3 11+1 164 +10 41 %5
36 173 + 13 (8) 157 + 32 2l + 2 9+1 116+8 27 + 2
37 252 + 29 (6) 79 + 12 22 + 6 10+3 162+44 32+9
38 161 + 19 (6) 97 + 14 195 8+1 106+ 7 23 + 2
39 181 + 14 (5) 134 + 32 14 + 4 9+1 124 x11 34 +4
40 217 = 10 (6) 81 +5 11 +3 11+1 165+10 301
41 200 + 12 (5) 208 + 29 33 ¢ 2 10+1 125+9 32+ 2
42 234 = 12 (5) 246 + 59 48 +12 11 +1 135+6 40 + 3
43 224 + 5 (7) 111 + 17 17 + 4 9+1 1356 58 + 3
Mean + SEM 214 + 7° 143 + 12° 28 + 4 10+1° 142+6° 311+ 2

“Number of determinations in parentheses.
*Not significantly different from normal.
“Significantly higher than normal (P < 0.05).
4Significantly below normal (P < 0.05).
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TABLE 9. LDL-apoB kinetics: patients with coronary heart disease and normolipidemia

LDL-apoB
LDL-apoB LDL-apoB LDL-apoB Transport

Patient Conc. Pool Size LDL-apoB/C FCR Rate

mg/dl + SD mg/pool ratio + SD pools/day mg/kg-day

Subgroup A

22 109 + 19 3099 0.68 = 0.10 0.50 22.1
23 66 + 7 2966 0.64 = 0.12 0.49 14.5
24 69 + 6 2220 0.77 £ 0.06 0.56 15.2
25 102 + 12 4133 0.60 + 0.06 0.40 18.4
26 6l + 4 2316 0.58 + 0.04 0.45 14.5
27 112 + 8 3747 0.56 + 0.02 0.63 31.9

Mean + SEM 87 + 10° 3080 + 310° 0.66 + 0.04° 0.51 = 0.03° 19.4 + 2.8

Subgroup B

28 92 + 10 2793 0.59 + 0.08 0.34 11.4
29 74 £ 11 2696 0.59 + 0.06 0.26 8.1
30 127 + 22 4580 0.73 = 0.05 0.25 13.9
31 118 + 11 4755 0.64 + 0.08 0.23 12.3
32 70 + 16 2587 0.52 + 0.07 0.24 7.8
33 105 + 18 2738 0.69 + 0.12 0.29 10.4
34 59 + 8 1944 0.50 + 0.06 0.29 7.7
35 123 + 25 3411 0.75 + 0.09 0.27 10.7
36 58 + 7 2524 0.50 + 0.06 0.25 6.5
37 95 + 14 3259 0.59 + 0.06 0.25 11.2
38 55 + 8 1978 0.52 £ 0.03 0.34 8.4
39 6l £ 35 1842 0.49 £+ 0.04 0.25 6.9
40 94 + 7 2967 0.57 + 0.02 0.27 11.4
41 81 £5 2552 0.65 + 0.03 0.33 12.6
42 85 + 4 2562 0.63 + 0.03 0.34 11.6
43 69 + 7 2785 0.51 + 0.04 0.22 6.8

Mean = SEM 86 + 6° 2878 + 208°  0.59 + 0.02°  0.28 + 0.01° 9.9 £ 0.6°

“Significantly higher than normal (P < 0.05).
®Not significantly different from normal.

in composition, but this compositional change was not
noted in most normolipidemic patients with CHD. The
current study thus was designed to further examine the
metabolism of LDL in patients with CHD who have
essentially normal levels of LDL; its purpose was to
determine whether defects in this metabolism might be
implicated in atherogenesis.

Hypertriglyceridemia and CHD

A causal relation between elevated plasma TG and
risk for CHD has been difficult to demonstrate. Most
epidemiological studies have shown an association
between high TG levels and prevalence of CHD (3,
39-41), although a high plasma TG per se does not
appear to be an independent risk factor (42). Some
forms of HTG, such as primary lipoprotein lipase
deficiency (43) and familial HTG (44), may not be
accompanied by increased risk for CHD. Other forms
of HTG almost certainly do enhance risk (3, 44). The
mechanisms whereby high TG levels could affect athero-
sclerosis are not clear. The plasma triglycerides them-
selves seemingly do not deposit in atherosclerotic lesions.
Levels of LDL-C usually are not elevated in patients
with HTG. On the other hand, these patients may have
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lipoprotein abnormalities that promote atherosclerosis.
Atherogenic factors could be a low level of HDL (1, 2),
abnormal VLDL (11), or elevated LDL-apoB (7, 10, 16).
Another possibility is that defects in the metabolism of
LDL may enhance atherogenicity.

The kinetics of LDL have been studied previously in
a variety of patients with HTG that had not been well
classified (45-48). A high FCR of LDL was reported in
several studies (8, 45), but not in all (46-48). Increased
production of LDL generally was not observed (45-48),
but there were exceptions (8). Thus, no common pat-
tern has been noted for HTG in general. However,
there are two reports of LDL kinetics in patients being
characterized as having familial combined hyperlipid-
emia. In this disorder multiple lipoprotein phenotypes
occur in single families (3, 49, 50). Some affected

family members have increases in plasma TG alone,

others have high cholesterol levels, and still others have
mixed hyperlipidemia. These patients seemingly are at
increased risk for CHD regardless of their lipoprotein
phenotype (44). Kinetic studies suggest that they have
overproduction of both VLDL-TG and VLDL-apoB
(21, 51-54). Janus et al. (51, 52) measured LDL turn-
over in 11 patients with HTG classified as familial
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combined hyperlipidemia. In six patients with elevated
LDL and VLDL (type 2b HLP), the mean LDL-apoB
synthetic rate averaged about 80% above normal,
while in the other five with normal LDL levels (type 4
HLP), production rates of LDL were inconsistently
increased. Furthermore, in neither group was the FCR
of LDL-apoB increased. Likewise, Kissebah, Alfarsi,
and Adams (53) showed high production rates of LDL-
apoB in patients with familial combined hyperlipid-
emia, but values for FCR of LDL-apoB were not
reported.

Our patients with HTG and CHD frequently had
three abnormalities in their LDL metabolism. a) Most
had overproduction of LDL-apoB. This abnormality is
likely the consequence of a high secretion of VLDL-
apoB (51, 52, 54). Although patients with HTG may
have increased hepatic clearance of VLDL remnants
(55~57), excessive amounts of VLDL still are converted
to LDL. b) FCRs of LDL were increased, frequently
markedly so. This abnormality might be the result of
an increase in LDL receptors which could have been
triggered by the defective metabolism of cholesterol or
bile acids in many hypertriglyceridemic patients (21,
58-61). Alternatively, a high FCR of LDL might be due
to the third observed abnormality, ¢) a change in com-
position of LDL as reflected by an increase in the LDL-
apoB/C ratio. Previously, Fisher et al. (8) reported that
LDL of many hypertriglyceridemic patients are un-
usually heterogenous (polydisperse); this has been con-
firmed by others (16, 17, 62). Polydisperse low density
lipoproteins have high LDL-apoB/C ratios which
might mean that the conformation of apoB on the sur-
face of LDL is altered to enhance affinity for LDL
receptors. Another possibility is that the LDL from
some hypertriglyceridemic patients retains traces of
apoE that facilitate uptake by LDL receptors (63, 64).

Did our hypertriglyceridemic patients have familial
combined hyperlipidemia? Most of them conformed to
criteria for this condition (49). To classify patients
according to their genetic patterns of lipoprotein con-
centrations however reveals little about their metabolic
defect, particularly in this disorder. For example, the
mechanisms for multiple lipoprotein phenotypes have
not been defined. If the underlying defect is overproduc-
tion of VLDL-apoB, why do some patients have ele-
vated TG levels while others do not? Those with HTG
likely have a concomitant defect in TG metabolism,
either overproduction or defective lipolysis of VLDL-
TG (21). The marked HTG of some of our patients
suggests an element of defective clearance. However,
defective lipolysis cannot explain a high input of LDL-
apoB, so our patients probably had increased secretion
of VLDL-apoB as well.

Next we might consider whether these patients had

hyperapobetalipoproteinemia. This condition was de-
fined by Sniderman et al. (7, 10) as abnormally high
levels of LDL-apoB (i.e., over 120 mg/dl) in the presence
of normal LDL-C levels. Only one patient (No. 21)
fitted these criteria. Most of our patients did not have
elevated LDL-apoB because of a high clearance rate of
LDL. Some patients however may fail to have as great
a compensatory increase in LDL clearance, and their
LDL levels will be higher. Since LDL-apoB/C ratios
are high in many patients with HTG (17), a delay in
LDL clearance should cause LDL-apoB levels to rise to
abnormally high levels before LDL-C concentrations
reach the abnormal range; such patients likely will
demonstrate hyperapobetalipoproteinemia. However,
our data indicate that many hypertriglyceridemic
patients with CHD do not have such high LDL levels.

How might the abnormalities in LDL metabolism in
our patients with HTG have contributed to their pre-
mature CHD? Several possibilities can be considered. A
high influx of LDL most likely is associated with an
increased transport of LPL-C. This excess cholesterol
might either enter the arterial wall in some way or
interfere with reverse cholesterol transport (65). Alter-
natively, compared to normal LDL, the LDL of some
hypertriglyceridemic patients could be more athero-
genic as suggested by their abnormal composition and
high FCRs.

Normotriglyceridemic patients with premature CHD

Kesdniemi and Grundy (13) recently described a
group of patients with premature CHD who had nor-
mal LDL levels but increased transport rates of LDL.
Their LDL kinetics were similar to those of our current
patients with HTG; in both there were increased pro-
duction rates of LDL-apoB, raised FCRs of LDL-apoB,
and high LDL-apoB/C ratios. The previous study (13)
raised the question but did not answer it: how common
is this abnormal pattern of lipoprotein kinetics in nor-
molipidemic patients with CHD? Therefore in the cur-
rent study we examined more patients. Although we
cannot claim an accurate prevalence, the present re-
sults should provide a rough guide to the frequency of
this abnormality.

Twenty-two normolipidemic patients with CHD
were studied. Six (27 %) (subgroup A, Table 9) had the
same pattern reported before (13), i.e., high production
rates and relatively high FCRs of LDL (over 0.40 pools/
day). One difference however was that the current
patients did not always have LDL-apoB/C ratios. Their
overall kinetics nonetheless appeared to differ enough
from the other normolipidemic patients with CHD to
justify categorizing them as different. One characteristic
of these patients was intermittent HTG which might
provide a clue to their identification.
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The current results strongly suggest that most normo-
lipidemic patients with CHD do not have the above
disorder. For example, the FCRs of LDL-apoB in the
remaining normolipidemic patients (subgroup B, Table
9) were relatively low. Twelve of 16 patients had FCRs
below 0.30 pools/day. Because of this tendency for low
FCRs, some of the patients may have had higher levels
of LDL-C before development of CHD. Lifestyle
changes after a coronary event may have been altered
to some extent to produce lower concentrations of
LDL-C.

Although the FCRs of this subgroup were relatively
uniform, their transport rates of LDL-B exhibited more
variability, ranging from about 6.0 to 13.0 mg/kg-day.
These differences in production rates were mainly
responsible for the variability in LDL-apoB levels
within this subgroup; these levels ranged from 52 to 118
mg/dl. Thus, as previously shown by Kesiniemi and
Grundy (12), production rates of LDL-apoB are a
major determinant of LDL-apoB levels in most patients
without HTG. Factors regulating LDL-apoB produc-
tion in these patients could be twofold: @) the produc-
tion rates of VLDL-apoB, and b) the fractional conver-
sion of VLDL-apoB to LDL-apoB. Since the patients of
this subgroup in general were not overweight, it is
unlikely that variability in input rates of VLDL-apoB
was sizable. Thus, the fractional conversion of VLDL-
apoB to LDL-apoB likely was the major factor regulat-
ing formation of LDL-apoB. The fraction of VLDL-
apoB converted to LDL-apoB is determined in part by
LDL receptors because the latter are responsible for
removal of VLDL remnants (64). Consequently, vari-
ability in LDL receptor activity as it affects removal of
VLDL remnants could have been an important regu-
lator of LDL-apoB input.

The foregoing suggests the existence of two types of
normolipidemic patients with CHD. One type has
elevated transport rates of LDL, but they maintain
normal LDL levels by a compensatory increase in FCR.
This group is prone to intermittent HTG. In contrast,
most patients with CHD appear to have relatively
normal production rates of LDL, and their FCRs of
LDL are normal or somewhat low. Concentrations of
LDL in this latter group are determined mainly by
variability in input rates of LDL, but in general this
variability in input exists within the normal range; also,
it probably is determined more by the fractional con-
version of VLDL-apoB to LDL-apoB than by secretion
rates of VLDL-apoB.1

The authors wish to express their appreciation to Carolyn
Croy, Ruth Jiles-Jackson, Jackie Wiser, Marjorie Whelan, Dr.
Kenneth Kim, and the nursing and dietetic staffs of the meta-
bolic unit at the Veterans Administration Medical Center,
Dallas, Texas, and the General Clinic Research Center, Park-
land Memorial Hospital, Dallas, Texas. This work was sup-

124 Journal of Lipid Research Volume 26, 1985

ported by the Veterans Administration, grant HL-29252
(NIH/HDS/DHHS), the Southwestern Medical Foundation,
and the Moss Heart Foundation, Dallas, Texas.

Manuscript received 16 April 1984.

REFERENCES

1. Gordon, T., W. P. Castelli, M. C. Hjortland, W. B.
Kannel, and T. R. Dawber. 1977. Predicting coronary
heart disease in middle-aged and older persons. The
Framingham Study. J. Am. Med. Assoc. 238: 497-499.

2. Wilson, P. W., R. ]J. Garrison, W. P. Castelli, M. Feinleib,
P. M. McNamara, and W. B. Kannel. 1980. Prevalence of
coronary heart disease in the Framingham offspring
study: study of lipoprotein cholesterols. Am. J. Cardiol.
46: 649-654.

3. Goldstein, J. L., W. R. Hazzard, H. G. Schrott, E. L.
Bierman, and A. G. Motulsky. 1973. Hyperlipidemia in
coronary heart disease. I. Lipid levels in 500 survivors of
myocardial infarction. J. Clin. Invest. 52: 1533-1543.

4, Blackburn, H. 1979. Diet and mass hyperlipidemia:
public health considerations—a point of view. In Nutri-
tion, Lipids, and Coronary Heart Disease. R. Levy, B.
Rifkind, B. Dennis, and N. Ernst, editors. Raven Press,
New York. 309-348.

5. Page, . H. 1954. Atherosclerosis: an introduction. Circu-
lation 10: 1-29.

6. Brown, M. S, and J. L. Goldstein. 1983. Lipoprotein
metabolism in the macrophage: implications for choles-
terol deposition in atherosclerosis. Annu. Rev. Biochem.
52: 223-261.

7. Sniderman, A. D., S. Shapiro, D. Marpole, B. Skinner, B.
Teng, and P. O. Kwiterovich, Jr. 1980. Association of
coronary arteriosclerosis with hyperapobetalipoprotein-
emia (increased protein but normal cholesterol levels in
human plasma low density lipoproteins). Proc. Natl.
Acad. Sci. USA. 77: 604-608.

8. Fisher, W. R,, L. A. Zech, P. Bardalaye, G. Warmke, and
M. Berman. 1980. The metabolism of apolipoprotein B
in subjects with hypertriglyceridemia and polydisperse
LDL. J. Lipid Res. 21: 760-774.

9. Hershon, K., J. D. Brunzell, ]. J. Albers, L. Hass, and A.
Motulsky. 1981. Hyperapo-8-emia with variable lipid
phenotype (familial combined hyperlipidemia) Circula-
tion. 64: 376 (Abstract).

10. Sniderman, A. D., C. Wolfson, B. Teng, F. A. Franklin,
P. S. Bachorik, and P. O. Kwiterovich, Jr. 1982. Associa-
tion of hyperapobetalipoproteinemia with endogenous
hypertriglyceridemia and atherosclerosis. Ann. Int. Med.
97: 833-839.

11. Brunzell, J. D., J. J. Albers, A. Chait, S. M. Grundy, E.
Groszek, and G. B. McDonald. 1983. Plasma lipoproteins
in familial combined hyperlipidemia and monogenic
familial hypertriglyceridemia. J. Lipid Res. 24: 147-155.

12. Kestniemi, Y. A., and S. M. Grundy. 1982. Significance
of low density lipoprotein production in the regulation
of plasma cholesterol level in man. J. Clin. Invest. 70:
13-22.

13. Kesiiniemi, Y. A., and S. M. Grundy. 1983. Overproduc-
tion of low density lipoproteins associated with coronary
heart disease. Arteriosclerosis. 3: 40-46.

14. Vega, G. L., D. R. Illingworth, S. M. Grundy, F. T.
Lindgren, and W. E. Connor. 1983. Normocholesterol-

2102 ‘6T aunr uo ‘sanb Aq 610 4jmmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

[

15.

16.

17.

18.

19.

20.
2l

22.

23.

24.

25.

26.

27.

3L

emic tendon xanthomatosis with overproduction of apo-
lipoprotein B. Metabolism 32: 118-125.

Mattson, F. H., and S. M. Grundy. 1985. Comparison
of dietary saturated, monounsaturated, and polyun-
saturated fatty acids on plasma lipids and lipoproteins in
man. J. Lipid Res. In press.

Teng, B., G. R. Thompson, A. D. Sniderman, T. M.
Forte, R. M. Krauss, and P. O. Kwiterovich, Jr. 1983.
Composition and distribution of low density lipoprotein
fractions in hyperapobetalipoproteinemia, normolipid-
emia, and familial hypercholesterolemia. Proc. Natl.
Acad. Sci. USA. 80: 6662-6666.

Vega, G. L., and S. M. Grundy. 1984. Comparison of
apolipoprotein B to cholesterol in low density lipoproteins
of patients with coronary heart disease. J. Lipid Res. 25:
580-592.

The Lipid Research Clinics Program Epidemiology
Committee. 1979. The Lipid Research Clinic Study.
Plasma lipid distributions in selected North American
populations: The Lipid Research Clinics Prevalence
Study. Circulation. 60: 427-439.

Heiss, G., I. Tamir, E. D. Clarence, H. A. Tyroler, B. M.
Rifkind, G. Schonfeld, D. Jacobs, and I. D. Frantz. 1980.
Lipoprotein-cholesterol distributions in selected North
American populations: the Lipid Research Clinic Preva-
lence Study. Circulation. 61: 302-315.

Metropolitan Life Insurance Statistical Bulletin. New
York, 1982.

Beil, U, S. M. Grundy, J. R. Crouse, and L. Zech. 1982.
Triglyceride and cholesterol metabolism in primary
hypertriglyceridemia. Arteriosclerosis. 2: 44-51.
Kesinjemi, Y. A., and S. M. Grundy. 1983. Increased low
density lipoprotein production associated with obesity.
Arteriosclerosis. 3: 170-177.

Roeschlau, P., E. Bernt, and W, Gruber. 1974. Enzymatic
determination of total cholesterol in serum. Z. Klin.
Chem. Klin. Biochem. 12: 226.

Wahlefeld, A. W. 1974. Methods of Enzymatic Analysis.
H. U. Bergmeyer, editor. Academic Press, New York. 1931.
Lipid and lipoprotein analysis. 1984. In Manual of
Laboratory Operations, Lipid Research Clinic Program.
DHEW publication No. NIH/75-628. Washington, DC,
Government Printing Office.

Albers, J. J., G. R. Russell, M. Warnick, and C. Cheung.
1978. Quantitation of high density lipoproteins. Lipids.
13: 926-932.

Albers, J. J., G. R. Warnick, D. Weibe, P. King, P.
Steiner, L. Smith, C. Breckenridge, A. Chow, K. Kuba,
S. Weidman, H. Arnett, P. Wood, and A. Shalagenhoft.
1978. Multi-laboratory comparison of three heparin-Mn*®
precipitation procedures for estimating cholesterol in
high density lipoprotein. Clin. Chem. 24: 853-856.
Nichols, A. V. 1967. Human serum lipoproteins and their
interrelationships. Adv. Biol. Med. Phys. 2: 109-156.
Skipski, V. P. 1972. Lipid composition of lipoproteins in
normal and diseased states. In Blood Lipids and Lipo-
proteins: Quantitation, Composition, and Metabolism.
G. ]J. Nelson, editor. Wiley-Interscience, New York.
472-575.

Lindgren, F. T,, and L. C. Jensen. 1972. Isolation and
quantitative analysis of serum lipoproteins. In Blood
Lipids and Lipoproteins: Quantitation, Composition, and
Metabolism. G. L. Nelson, editor. Wiley-Interscience,
New York. 181-270.

Vega, G. L., E. Groszek, R. Wolf, and S. M. Grundy.
1982. Influence of polyunsaturated fats on composition

Vega, Beltz, and Grundy

32.

33.

34.

35.
36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

of plasma lipoproteins and apoproteins. J. Lipid Res. 23:
811-822.

Holmquist, L., K. Carlson, and L. A. Carlson. 1978,
Comparison between the use of isopropanol and tetra-
methyl urea for the solubilization and quantitation of
human serum very low density apolipoproteins. Anal.
Biochem. 88: 457-460.

Tanford, C., and C. L. Roberts, Jr. 1952. Phenolic hy-
droxylionization in proteins. 1. Bovine serum albumin. J.
Am. Chem. Soc. T4: 2509-2515.

Markwell, M. A. K., S. M. Hass, N. E. Tolbert, and
L. L. Bieber. 1981. Protein determination in membrane
and lipoprotein samples: manual and automated proce-
dures. Methods Enzymol. 72: 296.

McFarlane, A. S. 1958. Efficient trace-labeling of pro-
teins with iodine. Nature (London) 182: 53.

Langer, T., W. Strober, and R. 1. Levy. 1972. The metab-
olism of low density lipoprotein in familial type II hy-
perlipoproteinemia. J. Clin. Invest. 51: 1528-1536.
Bilheimer, D. W,, S. Eisenberg, and R. 1. Levy. 1972.
The metabolism of very low density lipoprotein proteins.
I. Preliminary in vitro and in vivo observations. Biochim.
Biophys. Acta. 260: 212-221.

Matthews, C. M. E. 1957. The theory of tracer experi-
ments with *I-labelled plasma proteins. Phys. Med.
Biol. 2: 36.

Albrink, M. J., and E. B. Man. 1959. Serum triglycerides
in coronary artery disease. Arch. Intern. Med. 103: 4-8.
Gotto, A. M., G. A. Gorry, J. R. Thompson, J. S. Cole,
R. Trost, and M. E. DeBakey. 1977. Relationship be-
tween plasma lipid concentrations and coronary artery
disease in 496 patients. Circulation. 56: 875-883.
Carlson, L. A,, L. E. Bottiger, and P. E. Ahfeldt. 1979.
Risk factors for myocardial infarction in the Stockholm
prospective study: a 14-year follow-up focusing on the
role of plasma triglyceride and cholesterol. Acta Med.
Scand. 206: 351-360.

Hulley, S. B., R. H. Rosenman, R. D. Bowol, and R. J.
Brand. 1980. Epidemiology as a guide to clinical decisions:
the association between triglyceride and coronary heart
disease. N. Engl. J. Med. 302: 1383-1389.

Nikkila, E. A. 1983. Familial lipoprotein lipase defi-
ciency and related disorders of chylomicron metabolism.
In The Metabolic Basis of Inherited Disease. J. B. Stan-
bury, J. B. Wyngaarden, D. S. Fredrickson, J. L. Gold-
stein, and M. S. Brown, editors. 5th Edition. McGraw-
Hill Book Co., New York.

Brunzell, J. D, H. G. Schrott, A. G. Motulsky, and
E. L. Bierman. 1976. Myocardial infarction in the
familial forms of hypertriglyceridemia. Metabolism. 25:
313-320.

Sigurdsson, G., A. Nicoll, and B. Lewis. 1976. The
metabolism of low density lipoprotein in endogenous
hypertriglyceridemia. Eur. J. Clin. Invest. 6: 151-158.
Brook, J. G., H. Torsvik, R. S. Lees, M. A. McCluskey,
and H. A. Feldman. 1979. Low density lipoprotein
metabolism on type IV and type V hyperlipoproteinemia.
Metabalism. 28: 4-8.

Packard, C. J., ]. Shepherd, S. Joerns, A. M. Gotto, and
O. D. Taunton. 1980. Apolipoprotein B metabolism in
normal type IV and type V hyperlipoproteinemic sub-
jects. Metabolism. 29: 213-222.

Eaton, R. P, R. C. Allen, and D. S. Schade. 1983. Over-
production of a kinetic subclass of VLDL-apoB, and
direct catabolism of VLDL-apoB in human endogenous
hypertriglyceridemia: an analytical model solution of

LDL metabolism in coronary heart disease 125

2102 ‘6T aunr uo ‘sanb Aq 610 4j:mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

49.

50.

51

52.

53.

54.

55.

56.

126

tracer data. J. Lipid Res. 24: 1291-1303.

Goldstein, J. L., H. G. Schrott, W. R. Hazzard, E. L.
Bierman, and A. G. Motulsky. 1973. Hyperlipidemia in
coronary heart disease. II. Genetic analysis of lipid levels
in 176 families and delineation of a new inherited dis-
order, combined hyperlipidemia. J. Clin. Invest. 52:
1544-1568.

Hazzard, W. R., J. L. Goldstein, H. G. Schrott, A. G.
Motulsky, and E. L. Bierman. 1973. Hyperlipidemia in
coronary heart disease. III. Evaluation of lipoprotein
phenotypes of 156 genetically defined survivors of myo-
cardial infarction. J. Clin. Invest. 52: 1569-1577.
Janus, E. D., A. M. Nicoll, R. Wootton, P. R. Turner,
P. J. MaGill, and B. Lewis. 1980. Quatitative studies of
very low density lipoprotein: conversion to low density
lipoprotein in normal controls and primary hyperlipid-
emic states and the role of direct secretion of low density
lipoprotein in heterozygous familial hypercholesterolemia.
Eur, J. Clin. Invest. 10: 149-159.

Janus, E. D., A. M. Nicoll, P. R. Turner, P. Magill, and
B. Lewis. 1980. Kinetic bases of the primary hyperlipo-
proteinemias: studies of apolipoprotein B turnover in
genetically defined subjects. Eur. J. Clin. Invest. 10:
161-172.

Kissebah, A. H., S. Alfarsi, and P. W. Adams. 1981
Integrated regulation of very low density lipoprotein tri-
glyceride and apolipoprotein B kinetics in man: normo-
lipidemic subjects. Familial hypertriglyceridemia and
familial combined hyperlipidemia. Metabolism. 30:
856-868.

Chait, A., J. J. Albers, and J. D. Brunzell. 1980. Very low
density lipoprotein overproduction in genetic forms of
hypertriglyceridemia, Eur. J. Clin. Invest. 10: 17-22.
Sigurdsson, G., A. Nicoll, and B. Lewis. 1975. Conver-
sion of very low density lipoprotein to low density lipo-
protein. A metabolic study of apolipoprotein B kinetics
in human subjects. J. Clin. Invest. 56: 1481-1490.
Reardon, M. F., N. H. Fidge, and P. J. Nestel. 1978.

Journal of Lipid Research Volume 26, 1985

57.

58.

59.

61.

62.

63.

65.

Catabolism of very low density lipoprotein B apoprotein
in man. J. Clin. Invest. 61: 850-860.

Berman, M., M. Hall III, R. L. Levy, S. Eisenberg, D. W.
Bilheimer, R. D. Phair, and R. H. Goebel. 1978. Metabo-
lism of apoB and apoC lipoproteins in man: kinetic
studies in normal and hyperlipoproteinemic subjects. J.
Lipid Res. 19: 38-56.

Grundy, S. M. 1975. Effects of polyunsaturated fats of
lipid metabolism in patients with hypertriglyceridemia.
J. Clin. Invest. 55: 269-282.

Einarsson, K., and K. Hellstrom. 1972. The formation of
bile acids in patients with three types of hyperlipoprotein-
emia. Eur. J. Clin. Invest. 2: 225-230.

Nestel, P. J., and J. D. Hunter. 1974. Differences in bile
acid excretion in subjects with hypercholesterolemia,
hypertriglyceridemia and overweight. Aust. N. Z. J.
Med. 4: 491-496.

Sodhi, H. S., and B. J. Kudchodkar. 1973. Catabolism of
cholesterol in hypercholesterolemia and its relationship
to plasma triglycerides. Clin. Chim. Acta 46: 161-171.
Redgrave, T. G., and L. A. Carlson. 1979. Changes in
plasma very low density and low density lipoprotein
content, composition, and size after a fatty meal in
normo- and hypertriglyceridemic man. J. Lipid Res. 20:
217-229.

Innerarity, T. L., R. E. Pitas, and R. H. Mahley. 1980.
Receptor binding of cholesterol-induced high-density
lipoprotein containing predominantly apoprotein E to
cultured fibroblasts with mutations at the low density
lipoprotein receptor focus. Biochemistry. 19: 4359-4365.
Brown, M. S., and J. L. Goldstein. 1983. Lipoprotein
receptors in the liver: control signals for plasma choles-
terol traffic. J. Clin. Invest. 72: T43-747.

Fielding, P. E,, C. ]. Fielding, R. ]J. Havel, ]J. P. Kane,
and P. Tun. 1983. Cholesterol net transport, esterifica-
tion, and transfer in human hyperlipidemic plasma. J.
Clin. Invest. T1: 449-460.

2102 ‘6T aunr uo ‘sanb Aq 610 jmmm woly papeojumoq


http://www.jlr.org/

