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Abstract The relationship between plasma levels of Lp{a] and
LDL was examined using dietary regimens. In 81 normo-
lipidemic male outpatients, dietary cholesterol was increased by
consuming six eggs per day from a mean (SD) level of 311 (162)
to 1430 (198) mg per day. Mean (SD) LDL-cholesterol levels in-
creased from 102 (26) mg/dl to 120 (33) mg/dl (P < 0.001),
while mean (SD) Lp[a] levels were 5.5 (6.1) mg/dl on the basal
diet and 5.6 (6.4) mg/dl on the cholesterol-rich diet. No sig-
nificant correlation was observed between increases in either
LDL.-cholesterol or apolipoprotein B to Lp[a], nor was there any
relationship between individual baseline levels of Lp[a] and
dietary-induced changes of Lp[a]. Fourteen of the 81 par-
ticipants were reexamined under strict nutritional control. Four
diets with 40% of calories as fat, but differing in the type of fat
and the amount of cholesterol, were administered sequentially to
all subjects. As expected, mean (SD) LDL-cholesterol and
apolipoprotein B levels were highest on the saturated fat, high
cholesterol diet (112 (32) mg/dl and 79 (22) mg/dl) and lowest on
the polyunsaturated fat, low cholesterol diet (77 (27) mg/d] and
53 (18) mg/dl). In contrast, mean Lp[a] levels did notsig-
nificantly change among the four diets (range 4.2-4.9 mg/dl).
No correlation of Lp[a] responses with changes in plasma lipids,
apolipoproteins, or lipoproteins was observed on any diet.
BB These data suggest that determinants of plasma Lp[a] levels
are distinctly different from the determinants of plasma LDL
levels in normolipidemic males. —Brown, S. A., J. Morrisett,
J- R. Patsch, R. Reeves, A. M. Gotto, Jr., and W. Patsch.
Influence of short term dietary cholesterol and fat on human
plasma Lp[a] and LDL levels. J. Lipid Res. 1991. 32: 1281-1289.
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Lipoprotein[a] (Lp[a]) comprising a unique class of
plasma lipoproteins has been identified as an independent
risk factor for coronary heart disease (1-5, see reviews
6-8). While genetic factors may play the predominant role
in determining plasma concentrations of Lp[a] (9, 10),
metabolic factors may also modulate Lp[a] plasma levels
(11-14). Of the antihyperlipidemic drugs, niacin used with

neomycin has been reported to decrease plasma levels of

Lp[a] (11). Reports vary on the effects of drugs that inhibit
HMG-CoA reductase in that increases (12) or no changes

of Lp[a] plasma levels (13) were observed. Anabolic
steroid therapy in postmenopausal women resulted in
substantial reduction of plasma Lp[a] (14). Finally, Lp[a]
levels are reported to decrease in patients after heart
transplants (15). The mechanisms whereby these pertur-
bations alter plasma Lp[a] levels are not known.

Effects of diet on Lp{a] levels have also been studied
(16-19). A dietary challenge in a single subject did not
influence the Lp[a] level, while the apolipoprotein B
(apoB) level was dramatically elevated (16). In a later
study, 2 subjects were fed excess cholesterol for 28 days
which resulted in a dramatic increase of apoB, but no
change in Lp[a] (17). In 36 subjects fed a lacto-ovo
vegetarian diet, mean low density lipoprotein (LDL)-cho-
lesterol levels decreased 23% while no change was ob-
served in mean Lp[a] levels (18). In contrast, 22 or 32 sub-
jects fed a diet rich in fish oil showed reductions of 25%
in mean Lp[a] levels and 11.4% in mean apoB levels. In
the remaining 10 subjects, there was no change in Lp[a]
levels (19).

Recent studies by Utermann et al. (20) revealed a mul-
tiplicative interaction between LDL receptor status in
subjects with familial hypercholesterolemia and Lp[a]
plasma levels. However, reports on the role of the LDL
receptor in plasma Lp|[a] catabolism are less clear in nor-
molipidemic subjects (21-24). To gain further insight of
the determinants of plasma Lp[a] in normolipidemic sub-
jects, we measured Lp[a] levels subsequent to dietary
manipulations known to affect LDL receptor expression
(25-27).

Two different dietary protocols were used. The first was
an outpatient study on a large number of normolipidemic
subjects who first consumed a prescribed basal diet of low
cholesterol followed by a diet supplemented with eggs. In
the second protocol, 14 subjects from the first study were

Abbreviations: Lp[a], lipoprotein[a]; LDL, low density lipoprotein,
HDL, high density lipoprotein; Chol, cholesterol; TG, triglyceride.
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fed four different diets under strict nutritional control.
These inpatient diets contained the same amount of fat
but differed in type of fatty acids as well as the amount
of cholesterol. We report here that both the outpatient and
the inpatient protocols produced pronounced effects on
plasma LDL-chol and apoB levels, but had no or very
little effect on plasma Lp[a] levels.

METHODS
Subjects

Subjects were recruited locally. Inclusion criteria were:
healthy males between the ages of 20-50 years; within
30% of ideal body weight, as determined by the Metro-
politan Life Insurance tables (28); and less than 240 mg/dl
for fasting total plasma cholesterol, 200 mg/dl for fasting
total plasma triglycerides, and 175 mg/dl for LDL-chol
through initial screening procedures. None of the subjects
had a history or signs of liver, heart, kidney, or thyroid
disease. In the first dietary protocol, 91 men started the
protocol. Results were complete for 81 subjects with 1 sub-
ject lacking an apoB measurement. The mean (SD) age
of the study subjects was 29.6 (5.8) years and the mean
(8D) body mass index was 23.4 (2.3). In the second dietary
protocol, 14 of the 81 outpatient subjects participated.

Study design

Outpatient. Two diets were administered during the
6-week outpatient diet (Fig. 1). For the first 3 weeks
(weeks 1-3), the dietary goals were: 45% calories from
carbohydrate, 15% from protein, and 40% from fat with
an empbhasis on saturated fats. Participants were asked to
limit ethanol intake to 3% of total calories. Dietary
cholesterol was restricted to 300 mg per day. In the next

I. OUTPATIENT PROTOCOL

3 weeks (weeks 4-6) dietary cholesterol intake was in-
creased by consuming six eggs per day. This corresponds
to approximately 1300 mg cholesterol pér day using the
revised 213 mg cholesterol content per egg as stated in
1989 by the U.S. Department of Agriculture. The same
approximate distribution of fat, protein, and carbohy-
drate was prescribed during this dietary phase and sub-
jects were not restricted in their use of cholesterol-
containing foods. Throughout the study, registered dieti-
tians provided group instruction to adjust sources of total
fat, saturated fat, and dietary cholesterol. Lists of appro-
priate and inappropriate food choices as well as sample
menus incorporating the proper foods into the recom-
mended dietary pattern were distributed. In the egg-
supplemented phase, multiple recipes were used for incor-
porating the eggs into the overall diet. All subjects kept
4-day food records (2 weekdays and 2 weekend days) that
were documented by the dietitian during weekly visits to
the clinic. Food records were first analyzed for all 81 in-
dividuals by a nutrient database from Computrition, Inc.,
Chatsworth, CA. However, the analysis of percent contri-
bution of individual dietary fatty acids required a more
sophisticated database. Complete food records from a
random sample of 20 individuals were reanalyzed and
nutrient calculation was performed using the Minnesota
Nutrition Data System (INDS) software, developed by the
Nutrition Coordinating Center, University of Minnesota,
Minneapolis, MN (Food Database version 4A; Nutrient
Database version 19). The data derived from NDS soft-
ware did not differ significantly from the Computrition
database in terms of percent contribution of carbohy-
drate, protein, and fat to total calories, Dietary comph-
ance was evaluated through multiple interviews and
phone calls. Body weight was relatively stable throughout
the study protocol. Mean (SD) body weights at the begin-
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Fig. 1. Study design of outpatient and inpatient protocols.
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ning of the study, after the saturated diet (week 3), and
after the diet supplemented with six eggs per day (week
6) were 164.0 (19.9) lbs, 164.5 (20.1) lbs, and 165.5 (19.6)
lbs, respectively. Fasting blood sampling was performed at
the end of the second, third, fifth, and sixth week of this
protocol (Fig. 1). Subjects were instructed to maintain
their usual lifestyles during the study period.

Inpatient. Four different diets, each for 3 weeks, were ad-
ministered sequentially during a 12-week inpatient study
(Fig. 1). All subjects completed the full protocol. The
dietary goals of the inpatient diets, in terms of total
calories, were: 40% as fat, 45% as carbohydrate, and 15%
as protein. The diets differed in their content of monoun-
saturated, polyunsaturated, and saturated fatty acids and
in the amount of cholesterol. The diets were administered
in the following sequence: 1) saturated fatty acid-rich diet
with <300 mg dietary cholesterol/day; 2) saturated fatty
acid-rich diet with approximately 1500 mg dietary choles-
terol/day; 3) polyunsaturated fatty acid-rich diet with
< 300 mg dietary cholesterol/day; and 4) polyunsaturated
fatty acid-rich diet with approximately 1500 mg dietary
cholesterol/day. The saturated fatty acid-rich diets con-
tained fat sources primarily from butter and animal fat,
while the polyunsaturated fatty acid-rich diets used
mainly saflower oil and safflower margarine. Dietary cho-
lesterol was increased by subjects consuming six eggs/day
as in the outpatient protocol. Subjects were asked to limit
ethanol intake to an equivalent of two beers per day.

All diets were planned at a 2700 calorie level with ad-
justments for weight fluctuations for each individual. Loss
of body weight resulted in the addition of food items to the
diets which did not alter the daily dietary protocol, partic-
ularly in terms of the type of fat. All diets were nutrition-
ally complete according to the requirements for essential
nutrients by the Food and Nutrition Board of the National
Research Council, National Academy of Sciences. One
7-day menu cycle was developed for each diet period by
the research dietitians and the food production dietitian.
The meals were prepared by the Metabolic Kitchen of
The Methodist Hospital. Meal preparation was super-
vised by a registered dietitian who was responsible not
only for food production but also for menu implementa-
tion. Accuracy in portion sizes and fat content for each
food was obtained by weighing and measuring both in-
dividual food components and actual foods.

Lunch and dinner meals were served Monday-Friday
in a private dining area close to the kitchen facility. The
following day’s breakfast meal was given to the subjects at
dinner. Weekend meals were boxed and carried home.
Subjects were required to consume all foods served. Each

~ subject was given a copy of the diet for each dietary phase

with an additional sheet for tracking exercise, illness,
medication use, alcohol intake, and foods eaten that were
not designated on the diet. Subjects were sampled for blood
at the end of the second and third week of each of the four

diets. Mean and SD levels of each dietary component
were determined from an analysis on all foods for 1 week
in each dietary period by the NDS software package.

Laboratory measurements

Total plasma cholesterol (29) and triglycerides (30)
were measured enzymatically on a Cobas-Bio centrifugal
analyzer (Roche Diagnostics, Montclair, NJ) with the re-
spective enzymatic kits (Cat. Nos. 236691 and 701912;
Boehringer Mannheim Diagnostics, Indianapolis, IN).
High density lipoprotein (HDL)-cholesterol was deter-
mined by measuring cholesterol in the supernatant liquid
after precipitation of the plasma with MgCl; and dextran
sulfate (31). LDL-chol was calculated according to
Friedewald, Levy, and Fredrickson (32). Apolipoprotein
A-I (apoA-I) (33) and apoB levels (34) were determined by
RIA methods. The coefficients of laboratory variation were
calculated from both CDC serum pools and internal labo-
ratory quality control plasma pools at multiple analyte
levels. They were: 2.5% for cholesterol, 2.7% for triglyc-
erides, 3.7% for HDL-chol, 5.2% for LDL-chol, 7.0% for
apoA-I, and 9.0% for apoB measurements.

The levels of Lp[a] were determined by an enzyme-
linked immunoassay (ELISA) using a method previously
described (35). Rabbits were immunized with Lp[a] and
an antiserum that was nonspecific for Lp[a] was prepared.
The rabbit anti-Lp[a] serum was absorbed with human
LDL and the resultant LDL-antiapoB precipitate was re-
moved. The supernatant yielded a single precipitin line
with Lp[a], but no reaction with LDL Ouchterlouny gels.
Patient samples were stored at 4°C and analyzed within
48 h. Purified Lp[a] was isolated from the plasma of in-
dividuals with high levels of this lipoprotein. After mea-
surement of its protein content and immunoreactivity, it
was used as a primary standard in all assays. The stan-
dard dilution curve was linear with a correlation co-
efficient of 0.90. Thus, Lp[a] levels reported represent the
total protein moiety of Lp[a]. Intra- and inter-assay co-
efficients of variation were 4% and 9.0%, respectively. For
normal Lp[a] protein levels in the range of 1 to 10 mg/d],
the contributions of plasminogen at physiologic concen-
trations (200 mg/dl) was negligible (36).

Statistical methods

Statistical analysis for the comparison of two dietary
phases in the first protocol was performed using a paired
t-test. Comparison for statistical significance among the
four diets used ANOVA. For nonparametric statistics, the
Kendall rank cotrelation was performed to test compari-
son of analytes among the four diets in the second dietary
protocol (37). A P value of <0.05 was considered
significant. Each analyte value represents the mean of two
separate blood samples during the respective dietary
phase. Lpf[a] and plasma triglyceride data were sig-
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TABLE 1. Summary of dietary intake

Percent Total Calories

Percent of Total Fatty Acid

Diet CHO Protein Fat Chol 16:0 18:0 18:1 18:2
mg/day
Outpatient protocol”
Saturated 46.8 (9.0) 15.0 (3.8) 37.6 (7.8) 311 (162) 20 (3) 10 (2) 34 (5) 15 (6)
Sat. + Chol 44.0 (8.2) 16.2 (3.5) 41.3 (6.8) 1430 (198) 21 (2) 10 (1) 34 (4) 14 (4)
Inpatient protocol’
Saturated 40.4 (1.5) 16.7 (0.8) 44.0 (1.1) 279 (27) 17 (2) 7(2) 44 (4) 15 (5)
Sat. + Chol 40.7 (2.2) 17.2 (1.6) 43.1 (3.0) 1434 (47) 17 (2) 7(1) 45 (4) 16 (4)
Polyunsat. 39.5 (0.7) 17.1 (1.2) 44.4 (1.8) 220 (48) 12 (1) 5(1) 23 (2) 48 (2)
Poly. + Chol 39.2 (2.1) 16.2 (2.2) 45.1 (4.1) 1368 (30) 13 (1) 5(1) 22 (1) 47 (2)

“All foods in each diet were assessed for 7 days during the dietary regimen. Data are expressed as mean (SD) in a random subset of 20 of the

81 subjects.

bAll foods in each diet were assessed for 7 days during the dietary regimen. Data are expressed as mean (SD) in 14 subjects.

nificantly skewed. These data were examined either in
non-log or log-transformed data sets.

RESULTS

Outpatient studies

The actual dietary intake as assessed by food records is
given in Table 1. While the study objective was achieved
in terms of dietary cholesterol, the increase in dietary
cholesterol was associated with increases in dietary fat at
the expense of carbohydrate. Mean baseline total plasma
cholesterol levels increased significantly by 12% (P < 0.02),
while mean plasma triglyceride and apoA-I levels re-
mained unaltered on the egg-supplemented diet (Table 2).
Elevation of total cholesterol levels on the cholesterol-rich
diet was reflected in significant increases of LDL-chol
(17%, P < 0.001), HDL-chol (5.4%, P < 0.001) and
apoB (15%, P < 0.001) levels. In contrast to LDL-chol
and apoB elevations, mean baseline Lp[a] levels remained
unchanged on the cholesterol-rich diet (P < 0.911).

The relationship between Lp[a] and LDL-chol was ex-
amined in each diet; there was no correlation between
LDL-chol and Lp[a] levels. There were significant, al-
though weak, correlations between log Lp[a] and LDL-chol
levels both on the baseline diet (» = 0.365, P = 0.008)
and on the cholesterol-rich diet, (r = 0.275, P = 0.013).

When the changes in log Lp[a] from the cholesterol-rich
diet were plotted against the changes of LDL-chol, no
correlation was observed either when the changes were ex-
pressed in absolute values (Fig. 2) or as a percentage
(data not shown).

Similarly, there was a significant correlation of log
Lp[a] levels with apoB levels on the baseline diet (r =
0.335, P = 0.002). This correlation was not maintained
on the cholesterol-rich diet (r = 0.207, P = 0.065). No
correlation was found between log Lp[a] and apoB changes
that resulted from the addition of six eggs to the diet
(r = 0.002, P=0986, Fig. 3). As expected, strong
significant correlations between LDL-chol and apoB were
observed on the baseline ( = 0.635) and the cholesterol-
rich diets (r = 0.623). No correlation of Lp[a] or log
Lp[a] was observed under any of these conditions to
apoA-I or HDL-chol.

We examined whether the baseline concentration of
either Lp[a] or LDL-chol affected the response of either
analyte to the cholesterol-rich diet. Therefore, all subjects
were ranked in quartiles, by ascending order, according to
their baseline Lp[a] or LDL-chol levels (Fig. 4). The
mean percent response of LDL-chol on the cholesterol-
rich diet did not differ among the quartiles derived from
LDL-chol (panel A) or Lp[a} (panel B). Variability, ex-
pressed as standard deviation, of the LDL-chol response
tended to be higher at the lowest levels of baseline LDL-

TABLE 2. Effects of dietary cholesterol on plasma lipid, lipoprotein, and apolipoprotein levels
in 81 outpatients

Diet Chol TG HDL-Chol LDL-Chol ApoA-1 ApoB Lpla]
Sat. 171 (27) 82 (32) 52 (12) 102 (26) 128 (24) 76 (24) 5.5 (6.1)
Sat. + six eggs/day 192 (35" 85 (38) 55 (13) 120 (33)° 130 (23)  88(29) 5.6 (6.4)

Results are given as mean (SD) of two separate blood draws in mg/dl.

“P < 0.02 and ‘P < 0.001 (paired /-test).
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Fig. 2. Correlation between changes in plasma log Lp{a} and LDL-
chol levels observed in 81 males upon increasing dietary cholesterol.

chol and Lp[a], but the differences in variability among
the quartiles were not significant. The mean percent re-
sponse of Lp[a] levels on the cholesterol-rich diet tended
to be higher in the lower baseline quartiles of either LDL.-
chol (panel C) or Lp[a] (panel D), but these trends were
not statistically significant. Lp[a] variability fluctuated
and lower variability tended to be associated with higher
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Fig. 3. Correlation between changes in plasma log Lp[a] and apoB
levels observed in 80 males upon increasing dietary cholesterol.

baseline Lp[a] levels. These trends were not statistically
significant and may have resulted from analytical variabil-
ity at low Lp[a] plasma concentrations.

Inpatient study

Fourteen subjects from the outpatient phase were
studied under strict metabolic control on four diets
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Fig. 4 Relationship of percentage changes in LDL-chol and Lp[a] with baseline levels of Lp[a] and LDL-chol. Eighty subjects were ranked by
quartiles either by baseline L‘p[a] levels (panels A and C) or baseline LDL-chol levels (panels B and D). The responses to a cholesterol-rich diet, ex-
pressed as a percent of baselines levels, are shown for LDL-chol (panels A and B) and Lp[a] (panels C and D). The enclosed boxes and bars refer

to changes in the mean and SD, respectively.
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TABLE 3. Dietary effects on plasma lipid, lipoprotein, and apolipoprotein levels in 14 inpatients

Diet Chol TG HDL-Chol LDL-Chol ApoA-I | ApoB Lp{a]
Sat. 152 (30) 64 (32) 51 (11) 88 (28) 137 (19) 66 (16) 4.4 (4.6)
Sat. + eggs 178 (28)° 64 (22) 54 (12) 112 (327 137 (13) 79 (21)Y 4.9 (5.1)
Poly. 137 (23):-b 58 (14) 48 (7) 77 (26)° 140 (46) 33 (17 4.3 (4.3)
Poly. + eggs 160 (34) 61 (18) 53 (11) 96 (33) 157 (40) 63 (21Y 4.2 (4.1)

Data are expressed as mean (SD) in mg/dl. These diets are described in Methods.

“Ypairs differing at P < 0.05 by analysis of variance.

(Table 1). In these subjects, all the dietary goals of the in-
patient phase were achieved. The proportions of carbo-
hydrate, fat, and protein were similar in all diets and the
dietary cholesterol levels changed as designed. Subjects
fed the cholesterol-rich saturated fat diet had elevations of
27% (P < 0.05) in LDL-chol and 19% in apoB levels
above the saturated fat diet levels, while no significant in-
creases in HDL-chol or apoA-I levels were observed
(Table 3). Subjects progressing from the cholesterol-rich
saturated fat diet to the diet high in polyunsaturated fat
showed decreases in LDL-chol of 31% (P < 0.03) and in
apoB levels of 33% (P < 0.05), but HDL-chol and apoA-I
levels did not change. Subjects were then switched from
the low cholesterol, polyunsaturated fat diet to a similar
diet containing excess cholesterol. As a result, elevations
of LDL-chol (25%), apoB (19%), HDL-chol (10%), and
apoA-1 (12%) were observed. Mean changes in Lp{a] were
11.3%, 12.3%, and 0% in progressing through the four
diets. These tendencies in Lp[a] changes did not achieve
statistical significance and were less than half of those ob-
served for LDL-chol. Individual LDL-chol and Lp[a]
responses to the four diets are shown in Fig. 5 and Fig. 6,
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Fig. 5. Dietary effects on LDL-cholesterol levels in 14 inpatient sub-
jects. LDL-chol was measured on each of the four inpatient diets. In-
dividual subjects are identified by a designated number and symbol.
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respectively. No significant correlations were present be-
tween changes of log Lp[a] and either LDL-chol or apoB
on any of the inpatient diets.

DISCUSSION

The main objective of this study was to determine the
effect of diet on plasma levels of Lp[a]. To maximize
dietary-induced effects on lipoprotein concentrations,
rather extreme diets known to induce significant changes
in LDL-chol were chosen. Qur study diets did affect
plasma lipid and lipoprotein levels as expected from pre-
vious studies. Changes in LDL-chol and HDL-chol were
nearly identical to those described by us nearly a decade
ago in a different population (38). The new finding of this
study is that Lp[a] plasma levels showed only minimal re-
sponse to these dietary perturbations both in the out-
patient study in 81 subjects and in the rigorously con-
trolled inpatient study in 14 subjects. Our study further
establishes the insensitivity of plasma Lp[a] levels to diets
in humans that was previously suggested by earlier obser-

175
15.0} \\_,/" )
125}
3
? 10-0 i W
E 7.5} b
7 ®
5.0} @
5)
2.5}
;1“&73)-, 132)
114, 10%)
Sat. Sat. Poly. Poly.
DIETS Chol. Chol, BUBJECT

Fig. 6. Effects of diets on Lp[a] levels in 14 inpatient subjects. Lp{a]
was determined on each of the four inpatient diets. Individual subjects
are identified by a designated number and symbol.
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vations (16-18). Furthermore, our study is consistent with
results obtained in baboons showing no or very little effect
of atherogenic diets on plasma Lp[a] levels (39, 40).

Because of the large number of subjects studied, a
number of interesting findings emerged. Unexpectedly,
the magnitude and variability of LDL-chol or apoB re-
sponse to cholesterol-rich diets did not depend on basal
levels of these analytes. Furthermore, each of the quar-
tiles, ranked by baseline LDL-chol, contained individuals
who did or did not increase LDL-chol as a result of excess
dietary cholesterol. These findings indicate that the
mechanism(s) controlling an individual’s response to di-
etary cholesterol are operative at and insensitive to a wide
range of LDL-chol levels. Similarly, Lp[a] response to
dietary cholesterol was independent of either baseline
LDL-chol, apoB, or Lp[a] concentrations. Lp[a] exists in
multiple phenotypic forms that are inversely associated
with Lp[a] plasma levels (41, 42). Although we did not
analyze Lp[a] phenotypes in our study subjects, our re-
sults suggest that Lp[a] phenotypes play no major role in
the response of plasma LDL and Lp{a] levels to the diets
used in this study.

The lack of Lp[a] response to our diets is not too sur-
prising since genetic factors are thought to be more im-
portant than environmental factors in determining Lp[a]
levels in plasma (9, 10). Recently, Utermann et al. (20)
showed that the LDL receptor gene locus can affect plasma
levels of Lp[a]. This interaction appeared multiplicative
as Lp[a] concentrations corrected for phenotype effects
appeared to be threefold higher in subjects carrying a
functionally defective allele for the LDL receptor locus.
The biochemical mechanism explaining this interaction
has not been clarified. If the elevation of Lp[a] observed
in FH patients was solely due to reduced catabolism of
Lp[a] via a reduced number of LDL receptors, we should
have observed significant increases of Lp[a] along with
LDL-chol in our study subjects, as previous studies have
demonstrated a down-regulation of LDL-receptor expres-
sion by excess dietary cholesterol (25, 26, 42). Conversely,
enhanced expression of the LDL receptor pathway by the
polyunsaturated, low cholesterol diet should have re-
sulted in lowering of both LDL and Lp[a] (43). Since the
affinity of Lp[a] to the LDL receptor may be lower than
that of LDL (24), a lower response of Lp[a] may be ex-
pected. Indeed, mean levels of Lp[a] showed a tendency
to decrease as a result of the polyunsaturated, low choles-
terol diet, but this difference was not statistically sig-
nificant. Thus, it is possible that small changes in Lp[a]
that might have occurred were not detected due to intra-
individual and analytical variability. However, inspection
of data in Figs. 5 and 6 shows no consistent trend of Lp[a]
to any diet, but reveals that the small differences in mean
Lp[a] levels in going from the saturated fat, high cho-
lesterol diet to the polyunsaturated fat, low cholesterol
diet was primarily due to subject 6.

Brown et al.

Results on the importance of the LDL receptor in the
removal of Lp[a] from the circulation are at variance
(21-24, 44) and synthesis of Lp[a] may indeed be a more
important determinant of Lp[a] plasma levels (45). Excess
dietary cholesterol reduces endogenous cholesterol syn-
thesis (46, 47). In heterozygotes for familial hypercholes-
terolemia though, endogenous cholesterol synthesis may
either be similar or increased compared to nonaffected in-
dividuals (48, 49). The results in the dietary and genetic
models may thus result from differences in one or more
regulatory steps determining the metabolism of Lp[a] and
point to an interaction between hepatic cholesterol and
Lp[a] synthesis that may determine plasma levels of Lp{a]
attained.

Our data were derived from subjects who were normo-
cholesterolemic and normotriglyceridemic but had a wide
range of Lp[a] levels. Thus, as our study population con-
sisted of healthy, normolipidemic males, our conclusions
may not necessarily be extrapolated to subjects with dys-
lipoproteinemic disorders. Furthermore, long term dietary
effects might differ from those observed in these short
term studies.

Elevated levels of Lp[a] are associated with increased
risk of coronary heart disease and the risk is reported to
be potentiated by high levels of LDL (50, 51). Although
diet does not alter Lp[a] levels, an LDL-lowering diet
would seem prudent not only for decreasing LDL levels but
to decrease the interactive risk resulting from high Lp[a]
levels in the presence of elevated LDL-chol levels. B
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