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Abstract

Diets that reduce atherosclerosis risk lower levels of HDL
cholesterol (HDL-C), but the significance of this is unclear. To
better understand the mechanism of this phenomenon we stud-
ied the turnover of HDL apolipoproteins A-I and A-II in 13
subjects on two contrasting metabolic diets. Upon changing
from high to low intake of saturated fat and cholesterol the
mean HDL-C decreased 29% from 56+13 (SD) to 40+10
mg/dl, while apo A-I levels fell 23% from 139+22 to 107+22
mg/dl (both P < 0.001). Mean apo A-II levels did not change.
The fractional catabolic rate (FCR) of apo A-I increased 11%
from 0.228+0.048 to 0.254+0.063 pools/d, while its absolute
transport rate (TR) decreased 14% from 12.0+2.7 to 10.3+3.4
mg/kg per d (both P = 0.005). The decrease in HDL-C and apo
A-I levels correlated with the decrease in apo A-I TR (r = 0.79
and 0.83, respectively; P < 0.001), but not with the increase in
apo A-I FCR (r = —0.04 and —0.02, respectively). In contrast,
within each diet the HDL-C and apo A-I levels were inversely
correlated with apo A-I FCR both on the high-fat (r = —0.85
and —0.77, P < 0.001 and =0.002, respectively) and low-fat
diets (r = —0.67 and —0.48, P = 0.012 and 0.098, respectively)
but not with apo A-I TR.

In summary, diet-induced changes in HDL-C levels corre-
late with and may result from changes in apo A-I TR. In con-
trast, differences in HDL-C levels between people on a given
diet correlate with and may result from differences in apo A-I
FCR. Therefore, the mechanism of dietary effects on HDL
levels differs substantially from the mechanism explaining the
differences in levels between individuals on a fixed diet. In
assessing coronary heart disease risk, it may be inappropriate
to conclude that diet-induced decreases in HDL are equivalent
to low HDL within a given diet. (J. Clin. Invest. 1990.
85:144-151.) apo Al » apo AII ¢ turnover « high density lipo-
protein « high-fat diet « low-fat diet

Introduction

Population studies suggest that HDL cholesterol (HDL-C)!
levels are a potent protective risk factor against coronary heart
disease (1). Heightened interest in HDL has resulted in many
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studies on the effects of diet on HDL-C and HDL apolipopro-
tein levels. Both the amount (2-4) and composition of fat (2,
5) as well as the amount of cholesterol (2, 5, 6) in the diet may
alter HDL-C levels in human subjects. Paradoxically, those
diets most effective in lowering the harmful LDL cholesterol
(LDL-C) levels usually cause the greatest decrease in the pro-
tective HDL-C levels (2, 5, 7), leading some to question the
benefits of these diets (8, 9). Despite the need to better under-
stand the mechanism by which diet affects HDL-C levels, there
have been only three published turnover studies in this regard
in human subjects. Two of these used a paired study design.
Blum et al. (10) studied the effect- of changing from a high-fat
to an extremely low-fat liquid formula diet. The three female
subjects who adhered to the diet had a 38% decrease in HDL-C
levels, a 48% increase in total HDL apolipoprotein fractional
catabolic rate (FCR), and no change in transport rate (TR).
Shepherd et al. (11) studied the effect of changing the type of
fat from a polyunsaturated/saturated (P/S) ratio of 0.25 to 4 at
a fixed 40% fat intake in four male subjects. A 33% mean
decrease in HDL-C levels was associated with a 26% decrease
in the TR of apo A-I with no change in its FCR. The third
study, by Nestel et al. (12), compared a group of seven vegetar-
ians (26% fat intake, P/S 1.6, cholesterol < 100 mg/d) with a
group of six control subjects on a typical Western diet (36-43%
fat intake, P/S 0.2 to 0.4, cholesterol 500-700 mg/d). The
vegetarians had 9% lower HDL-C than the controls and a 59%
higher apo A-I FCR, while the apo A-I TR did not differ.
Unfortunately, interpretation of these three studies is limited
by small numbers of subjects, artificial dietary conditions,
and/or unpaired study design.

To address the mechanism whereby antiatherogenic di-
etary therapy lowers HDL-C levels, we have studied the turn-
over of the major HDL apolipoproteins, apo A-I and apo A-II,
in a group of 13 subjects consuming two contrasting diets, one
high in total and saturated fat and cholesterol and the other
very low in these constituents. This intervention decreased
mean HDL-C and apo A-I levels but did not change mean apo
A-II levels. The amount of change in HDL-C and apo A-1
levels varied among the subjects and correlated with the
change in apo A-I TR but not apo A-I FCR. Thus, dietary
alterations in apo A-I TR best account for the effects of this
dietary change on HDL-C levels.

Methods

Subjects. Five male and eight female subjects were recruited from three
sources: (@) patients from the clinic of the Laboratory of Biochemical
Genetics and Metabolism; (b) healthy, adult volunteers working on the
staff at Rockefeller University or at neighboring institutions; and (c)
undergraduate students on a work-study program. The subjects were
selected for fasting HDL-C levels > 30 mg/dl and triglyceride (TG)
levels below the 90th percentile for age and sex (13) while on the
high-fat study diet. All subjects were free from hepatic, renal, thyroid,
and immunologic disorders by history and laboratory screening. Seven
of the eight female subjects in this study were part of a recent report
from this laboratory (14) in which the results from the high-fat diet



were used in a study of the metabolic basis of elevated HDL-C levels.
The eighth woman, subject 3, was taking the combination contracep-
tive Trinorinyl (0.035 mg ethinyl estradiol days 1-21, 0.5 mg noreth-
indrone days 1-7 and 17-21, and 1 mg days 8-16 of each cycle; Syntex
Laboratories, Inc., Palo Alto, CA) in a 28-d cycle. Both studies were
performed on the medication with the tracer injection given on day 4
of the cycle for the high-fat diet and day 5 for the low-fat diet. Exclud-
ing this subject did not appreciably alter either the paired ¢ test or linear
regression analysis test. None of the other subjects was taking medica-
tions known to alter lipid levels. The clinical aspects of these studies
were approved by the Institutional Review Board of the Rockefeller
University, and informed consent was obtained from the subjects in all
cases.

Apolipoprotein preparation and labeling. Apo A-1 and A-1I were
prepared from healthy donor plasma by ultracentrifugation, delipida-
tion, and column chromatography using standard methods as pre-
viously described (14). The purified apo A-I and apo A-II were ra-
dioiodinated by the iodine monochloride method and tested for pyro-
genicity and sterility as outlined recently (14).

Kinetic studies. The subjects were admitted to the Rockefeller Uni-
versity Hospital inpatient ward and kept on two natural-food meta-
bolic diets for 4 wk each (Table I). The high-fat diet had a caloric
distribution of 42% fat (24% S, 16% monounsaturated [M], and 2% P;
P/S = 0.1), 43% carbohydrate, and 15% protein with 215 mg choles-
terol per 1,000 calories. The fat content corresponded to the 50th
percentile of previous American intake according to the Lipid Re-
search Clinic (LRC) study (15), and to the 75th percentile of the cur-
rent American consumption according to the National Health and
Nutrition Examination II survey (16). In contrast, the low-fat diet
consisted of 9% fat (2% S, 4% M, 2% P, P/S = 1), 76% carbohydrate,
and 15% protein with 40 mg cholesterol per 1,000 calories. This diet is
comparable in fat content and P/S ratio to rural Japanese diets in the
1960s and 1970s (17, 18). The two diets were fed in a variable order,
usually with 2 or more wk intervening in addition to the 2 wk of dietary
equilibration before the turnover study itself. Caloric need was esti-
mated by the Harris-Benedict (19) equation with adjustment for physi-
cal activity (20), and caloric intake was not altered during the study.
After the first 2 d body weight remained constant. No alcohol intake
was allowed and subjects were instructed to maintain their usual level
of physical activity.

One subject (No. 11) was not on the metabolic diet during his
low-fat study. However, before the study he was instructed extensively
by a staff dietitian regarding the appropriate diet and the careful keep-
ing of food records. A meticulous record of all food intake kept by the
patient throughout the turnover study was reviewed afterward by the
dietitian with the patient and then analyzed using the same food tables
on which the metabolic diet was based. Since it was determined that his
intake did not differ significantly from the low-fat metabolic diet used
in the other subjects, and since his weight, lipoprotein, and apolipo-
protein values were constant during the turnover period, his low-fat
diet results were included in the analysis.

After 2 wk of equilibration on the metabolic diet the subjects re-
ceived 10 or 25 uCi each of radioiodinated apo A-I and A-II (**°I and

Table I. Summary of Metabolic Diet Composition as Percent
of Total Calories (except Cholesterol)

Fat

Diet N M P Total Carbohydrate Protein Cholesterol
mg/1,000 cal
High fat 23.6% 16.5% 1.8% 41.9% 42.6% 15.5% 215
Lowfat 2.1% 42% 23% 8.6% 75.5% 16.0% 40

Values are based on the United States Department of Agriculture Eighth
Handbook of Food Composition (and corresponding series).

1311 respectively, or vice versa) by intravenous bolus injection. Pre-
vious studies in two separate laboratories demonstrated that radiola-
beling of purified HDL apolipoprotein gives results similar to that
obtained by protein labeling of intact HDL (21, 22). This similarity is
due to the rapid association of free HDL apolipoprotein with plasma
HDL in vivo. To allow for thorough mixing of the tracers with HDL in
the plasma compartment, the first blood sample was taken after 10
min. Blood was then taken at 4, 12, 24, and 36 h, and then daily until
14 d. All except the 4-, 12-, and 36-h samples were taken after an
overnight fast of 12 h. These samples were handled and counted as
stated in our previous report (14). Since all subjects were in steady state
with regard to apo A-I and A-II levels, the radioactive decay curve was
plotted directly from the die-away of plasma counts. The FCR was
calculated from this curve by the Matthews method (23). The absolute
TR was calculated by multiplying the FCR by the plasma pool (apoli-
poprotein level times plasma volume) and dividing by the body weight.
Alternate terms for TR include synthetic rate, production rate, or flux.
All four have been used interchangeably, although synthetic rate and
production rate have been the standard terms in the HDL turnover
literature. Nevertheless, to make clear that appearance of apolipopro-
tein in the plasma was being measured, rather than the actual intracel-
lular synthesis of protein, TR has been chosen for this report. Plasma
volume was determined by isotope dilution at the 10-min point.

To show that the iodinated apo A-I and A-II associated with HDL
in vivo, in each study extra aliquots of plasma were taken 10 min and 7
and 14 d after injection. Three fractions were prepared by ultracentri-
fugation, d < 1.063, 1.063 < d < 1.21, and d > 1.21. The density
distribution of radiolabel was calculated as a percentage of total counts,
and the results for the 10-min and 7- and 14-d samples were averaged.
On the high-fat diet these density fractions contained 1.3, 88.1, and
10.7% of the apo A-I and 1.0, 91.2, and 8.0% of the apo A-II label,
respectively.

Lipid, lipoprotein, and apolipoprotein determinations. On days 1,
3,7, 10, and 14 of the turnover period plasma was obtained after a 12-h
overnight fast for measurement of lipid, lipoprotein, and apolipopro-
tein levels. Lipid and lipoprotein measurements were done on fresh
specimens by enzymatic methods as previously described (14). Ali-
quots of plasma were also stored at —70°C for subsequent apo determi-
nations. Apo A-I levels were measured by a sandwich ELISA using a
polyclonal goat antibody to human apo A-I (generously supplied by
Dr. Peter Herbert, The Miriam Hospital, Brown University) as re-
cently reported (14). Apo A-II levels were kindly determined by Dr.
John J. Albers in the Northwest LRC laboratories by an RIA based on
a radial immunodiffusion assay (24). Over the 2-wk turnover period no
temporal trends were observed in the lipid, lipoprotein, and apolipo-
protein levels, and the mean of all five determinations was used in the
data analysis.

Postheparin lipase activities. After 11 d on the test diet and 3 d
before isotope injection, a postheparin lipase test was performed.
Blood was drawn 15 min after an intravenous bolus dose of heparin, 60
U/kg body weight, and the plasma was stored at —70°C until assay.
Lipase activity was measured with [*H]triolein in a sonicated Triton
X-100 emulsion in the presence or absence of rabbit anti-human
lipoprotein lipase (LPL) serum as reported previously (14). Lipase
activity was expressed as micromoles FFA liberated per milliliter
plasma per hour. LPL activity was the difference between total activity
and that remaining after antibody inhibition, whereas the latter was the
hepatic lipase (HL) activity.

Statistical analysis. Linear regression analysis was performed using
the least squares method, and statistical significance was defined as a P
< 0.05. Paired and unpaired comparisons were made using the ¢ test
and the same P value cutoff. Calculations were performed on The
Rockefeller University Hospital CLINFO system.

Results

Demographic and lipoprotein data on each subject are given in
Table II. The body mass index was calculated using the mean
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& _ daily weight during the high-fat diet period. Mean weight on
2E § the low-fat diet did not differ significantly (group average 65.6
gé QIF=Egcgagyaney g»oce’ kg on the high-fat diet and 66.1 kg on the low-fat diet, P> 0.1,
9 g I beor e I range of differences 2.73 to —2.05 kg). The mean lipid and
A lipoprotein levels on each diet and the change between low-fat
T oL O O Or 1 1 50 T On 1 O 0O - and high-fat diets are given. All except the VLDL cholesterol
3& AIAITIRINAZRAR 7= (VLDL-C) levels changed significantly. Mean total cholesterol
decreased 22% from 193+34 (SD) to 151+29 mg/dl, mean
Eé RREG8TIRLIIRR 8= LDL-C decreased 25% from 115+30 to 86+25 mg/dl, and
mean HDL-C decreased 29% from 56+13 to 40+10 mg/dl (all
= P < 0.001). TG, in contrast, increased 32% from 85+23 to
38 3 112+31 mg/dl (P = 0.002).
‘gg NSVEAIRATLALY AR ? The levels and metabolic parameters of apo A-I and A-II
S [ D T e Y D T B B I | for each subject are presented in Table III. Plasma apo A-I
A decreased in all subjects by a mean of 23%, from 139+22 to
8 - o O moo i NG — oD O 107422 mg/dl (P < 0.001). Apo A-I FCR increased 11% from
3 SR-8RERYRBS28E 24 0.228+0.048 to 0.254+0.063 pools/d and apo A-I TR de-
creased 14% from 12.0+2.7 to 10.3+3.4 mg/kg per d (both P
5:'5 5 ARGZZHAIRXSZ=L =R = 0.005). In contrast, there was no significant mean change in
apo A-II levels. Apo A-II FCR, however, increased 6% from
& 0.186+0.035 to 0.197+0.041 (P = 0.03). «
B B Ot e O T O — Indices of HDL composition were calculated from the
% _-g I [ T I D % HDL-C, apo A-I, and apo A-II levels, and activities of LPL and
9 _§ | HL in postheparin plasma were measured. The mean, SD, and
2 O % range of these values for each diet and for the change between
S|, . £ o 50 0 50 1 10 O e et v e diets are given in Table IV. Lipid enrichment of HDL, as
3 & = L2 Adda—=RrQFaa & reflected by the HDL-C/apo A-I + apo A-II ratio, decreased
13% from 21.4+3.2 to 18.7+4.1 (P = 0.009). The apo A-I/apo
Bz IoAXTAZRQLTRN] A A-II ratio, related to HDL subfraction differences (25), de-
= creased 17% from 2.86+0.58 to 2.37+0.61 (P = 0.03). LPL
2 activity decreased 23% from 14.9+4.5 to 11.5+3.1 umol/ml
: 3 § per h (P = 0.05). HL activity decreased 17% from 13.5+6.6 to
zg NGERATET IR 5 S ll.Z;S.Oumol/‘mlperh(P=0.02). o )
5 | Given the wide spectrum of values within each diet and of
ol © responses to dietary change, we explored interrelationships
= . MmO OO O ma _ among the various study parameters by linear regression anal-
S & AW XAN=EIONALY —o ysis. Between diets the change in HDL-C correlated with the
change in apo A-I TR (r = 0.79, P = 0.001), but not with the
B LLRAFLHIAR9 e 28 change in apo A-I FCR (r = —0.04, Fig. 1). In sharp contrast,
== - - within either the high- or low-fat diets HDL-C levels did not
% correlate with apo A-I TR (r = 0.21 and 0.32, respectively, P
53 — > 0.1), but did correlate with apo A-I FCR (r = —0.85 and
B %% e vt — 1 00 O N 00 00 ¢ [~ e § —0.67, P < 0.001 and 0.01, respectively). A somewhat differ-
gl g7 TONCTYTTIN TSV TV ent relationship was found between HDL-C and the apo A-II
g C metabolic parameters (Fig. 2). Between diets the change in
S s O o 00 1O 1 O 0 O On O HDL-C failed to correlate significantly with the change in apo
g [ & XMoo ont—n VA - A-II TR (r = 0.34, P > 0.1) or apo A-Il FCR (r = —0.35, P
g > 0.1). However, within both high- and low-fat diets HDL-C
< B3 SRXSERRICREEe ! v correlated inversely with apo A-II FCR (r = —0.87 and —0.81,
S = fmaaadmmmmams = ':E respectively; P < 0.001). As with apo A-I, there was no corre-
'5 285 | T Aaq=oannMRaaae 9O _g; lation within diets be}ween HDL-C‘ and apo A-I} TR (r
N g EZ |3 S259338C-dgRSsy 9§ > = —0.07 and 0.10 for high and lqw fat 1n@ke, respectnvely).
§ z The relationship of the apolipoprotein levels to their re-
3- $ s Y2SAIASTTI[|L]Y I § spective metabolic parameters was explored next. The contrela-
~ ~ tions between the levels of apo A-I and its TR and FCR (Fig. 3)
§ ssss E.’. were similar to those of HDL-C (see Fig. 1). The changes in
:g % b e o e e e e & apo A-I levels correlated with changes in its TR (r = 0.83, P
S o & <0.001). However, within diets apo A-I levels and TR failed to
= 3 N T O 00O — 8 2 ';5 correlate significantly on high or low fat intake (» = 0.27 and
§ V'S: —-——— § fa s s 0.45, respectively; P > 0.1). In contrast, the change in apo A-I
& Sha s, levels did not correlate with the change in its FCR (r = —0.02),

146  E. A. Brinton, S. Eisenberg, and J. L. Breslow



Change (low fat
— high fat)

TR
fat
mg/dl

High Low

fat

Change (low fat
— high fat)

Apo A-II
FCR
Low
pools/d

fat

fat

High

Change (low fat
— high fat)

Level
meg/dl

fat

fat

High Low

Change (low fat
— high fat

TR
mg/kg per d

fat

fat

High Low

Change (low fat
— high fat)

FCR
pools/d

Apo A-1

fat

High

fat

Change (low fat
— high fat)

Level
mg/dl

fat

High Low

fat

Subject

Table I11. Plasma Levels, FCR, and TR of Apolipoproteins A-I and A-11

170
173
169
148
167
164
201
179
231
240
227
205
293

0

159 0O
147 0
164 0
200 O
0.218 0
208 O
222 0

0
0
0
0
0
0
0
0
0
0
0
0

9
9
6
4
3
8
4
3
1
2
0
7
8

2 29
0 21

34
34
25
22
35
29

221

195
225
195
192
264
232
351
255
241
343
378

211

0

189 O
176 0
236 O

0
0
0
0
0
0
0
0

=25
—67

-1
=30
-24
-40
—60
-28
-39
-34
—40
=22

-3

137
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=32

22
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STD-DEV
P value

Mean

while within diets apo A-I levels and FCR correlated well on

* the high-fat diet (r = —0.77, P = 0.002), although not signifi-

cantly on the low-fat diet (r = —0.48, P = 0.098).

Apo A-II levels related differently to the metabolic parame-
ters than did apo A-I levels (Fig. 4). The change in levels of apo
A-II correlated strongly with the change in its TR (r = 0.986, P
< 0.001), and within diets apo A-II levels also correlated with
its TR (r = 0.67 and 0.88, P = 0.012 and < 0.001 for high- and
low-fat diets, respectively). In contrast, the change in apo A-II
levels did not correlate with changes in its FCR (r = -0.40, P
> 0.1), nor did they correlate within diets (r = —0.22 and
—0.14, high- and low-fat diets, respectively).

The relationships between HDL composition and HDL
metabolism were next examined. The change in the HDL-C/
apo A-I + apo A-II and apo A-I/apo A-II ratios correlated only
with the change in apo A-Il TR (r = —0.74 and —0.84, P
= 0.004 and 0.001, respectively) and not with changes in the
other metabolic parameters (r = —0.24-0.11). Within diets,
the inverse correlations between the HDL-C/apo A-lI + apo
A-II ratio and the FCRs of apo A-I and apo A-II were strong on
the high-fat diet (r = —0.70 and —0.77, P = 0.008 and 0.002,
respectively), but were borderline or nonsignificant on the
low-fat diet (r = —0.49 and —0.55, P = 0.09 and 0.05, respec-
tively). None of the correlations between HDL-C/apo A-I
+ apo A-II and the TRs of apo A-I or apo A-II on high or low
fat intake reached statistical significance (r = —0.02-—0.50, P
> 0.08). The apo A-I/apo A-II ratio failed to correlate signifi-
cantly with the TR or FCR of apo A-I or apo A-II on either
diet, except for an inverse correlation with apo A-II TR on the
high- and low-fat diets (r = —0.75 and —0.73, P = 0.003 and
0.005, respectively).

Relationships between postheparin activities of LPL and
HL and the metabolic parameters were explored. Changes in
HL correlated with changes in apo A-1 TR (r = —0.61, P
= 0.03) but not with changes in apo A-II TR or with the
change in either FCR. In contrast, within diets HL correlated
well with the apo A-I and apo A-II FCR on both the high-fat (r
= 0.81 and 0.95, respectively; P < 0.001) and low-fat diets (r
=0.71 and 0.86, P = 0.01 and < 0.001, respectively) but not
with the TR of apo A-I or apo A-II. LPL failed to correlate with
any of the metabolic parameters within either diet or with
changes between diets.

The inclusion of both male and female subjects allowed us
to test for possible sex differences in HDL metabolism under
our study conditions. Changes in the measured parameters
between diets did not differ between the sexes except for the
change in HL, which decreased 4.9+2.1 vs. 0.9+2.1 umol/ml
per h in men and women, respectively (P = 0.01 for the sex
difference). Within diets, the men and women differed in sev-
eral parameters. On high fat intake HDL-C and apo A-I levels
were lower in the men than in the women (45+13 vs. 6416
and 119+19 vs. 151+13 mg/dl, respectively, P = 0.004), as
expected. However, among the FCRs and TRs only apo A-II
FCR differed significantly (0.215+0.039 vs. 0.169+0.019
pools/d for men and women, respectively [P = 0.014]). Also,
HL was 96% higher in the men (20.0+5.7 vs. 10.2+4.2 umol/
ml per h, P = 0.006). On the low-fat diet sex differences were
similar to the high-fat results except for the addition of higher
TG and VLDL-C levels and a lower HDL-C/apo A-I + apo
A-II ratio in the men.
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Table IV. HDL Composition Indices and Postheparin Lipase Activities

HDL-C/apo A-I + A-II (molar ratio)

Apo A-I/apo A-II (molar ratio)

Change Change
High fat Low fat (low fat — high fat) High fat Low fat (low fat — high fat)
Mean 214 18.7 -2.7 2.86 2.37 -0.49
STD-DEV 32 4.1 3.1 0.58 0.61 0.75
Range 16.1-26.4 11.7-27.7 —-7.2-4.2 2-3.8 1.2-3.3 —-1.6-1.2
P value 0.009 0.03
Postheparin lipase activity
LPL HL
Change Change
High fat Low fat (low fat — high fat) High fat Low fat (low fat — high fat)
umol/ml per h
Mean 14.9 115 —34 13.5 11.2 -23
STD-DEV 4.5 3.1 5.3 6.6 5 2.8
Range 10.4-24 5.7-15.6 —14-29 5-25.4 3.9-20.1 —6.6-0.8
P value 0.05 0.02
Discussion We also saw a rise in the mean apo A-I FCR and a fall in the

The main goals of this study were to examine the effects of
clinically relevant, mixed dietary changes on the metabolism
of the major HDL apolipoproteins A-I and A-II, and to ex-
plore the metabolic basis of interindividual variability in HDL
response to dietary change. We used two diets at opposite ends
of the usual clinical spectrum, that is, “pro” and ‘“‘antiathero-
genic” diets. These diets should produce the maximum clini-
cally relevant change in HDL-C and allow study of the meta-
bolic mechanisms of that change. While maintaining the di-
etary control of a metabolic ward, we mimicked an outpatient
setting by using only natural, commonly available foods.
Comparing the diet low in saturated and total fat and choles-
terol to the one high in these factors, HDL-C and apo A-I
levels fell in all subjects, although to widely variable degrees.

Between Diets

apo A-I TR. Our dietary change was approximately the sum of
the change in total fat intake used by Blum et al. (10) and the
change in fat type studied by Shepherd et al. (11). In this light,
it is interesting to consider that our metabolic findings were
also a combination of the two reported findings, an increase in
FCR as in the Blum study and a decrease in TR as published
by Shepherd.

Our repoit goes beyond these two previous paired studies
of diet effects on HDL metabolism. By recruiting larger num-
bers of subjects, with a broader range of HDL-C levels, includ-
ing both men and women, we were able to explore the mecha-
nisms of interindividual differences in diet response. Group
comparisons on the high- and low-fat diets showed a signifi-
cant rise in apo A-I FCR and fall in apo A-I TR, either of
which had the potential to explain the diet-induced decreases
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in HDL-C and apo A-I levels. However, linear regression anal-
ysis indicated that only the changes in TR correlated with the
changes in these levels. This finding is particularly striking
given the fact that, within both the high- and low-fat diets,
HDL-C and apo A-I levels correlated only with apo A-I FCR
and not with apo A-I TR, in confirmation of previous findings
by ourselves (14) and others (21). Thus, we suggest that the
diet-induced decreases in HDL-C and apo A-I levels may be
caused by the decrease i in apo A-I TR and not by the increase
in FCR.

One caveat regarding our apo A-I TR data results from the
way in which the TR value is obtained. As with all available
turnover methods, our TR values were not measured directly,
but were calculated as the FCR times the pool size, where the
latter was determined using the apolipoprotein level in the
mathematical equation. This opens the possibility of a statisti-
cal artefact in the correlation between the TR of an apolipo-
protein and its plasma level. However, in our case the correla-
tion between changes in apo A-I levels and TR probably was
not confounded because we saw a similar correlation between
changes in HDL-C levels and apo A-I TR, even though these

Between Diets

plotted as in Fig. 1.

two terms have no direct mathematical connection. Thus, the
correlations of the decreases in apo A-I TR with HDL-C and
apo A-I levels when changing from a high to a low fat intake
appear to represent true physiological relationships.

Our results with regard to apo A-II further underscore the
importance of TR in determmmg dietary response. Changes in
apo A-II levels correlated with changes in apo A-II TR and not
with changes in apo A-II FCR. Even within the high- and

low-fat diets apo A-II levels correlated with apo A-II TR rather

than with apo A-II FCR. Thus, despite fundamental differ-
ences between apo A-I and apo A-II in the metabolic mecha-
nisms of their levels within a diet, changes in their levels and in
HDL-C levels between diets all appear to result from changes
in TR.

This finding is of particular interest in light of recent ani-
mal studies. In rabbits, Quig and Zilversmit recently reported
that a sixfold increase in saturated fat intake caused a twofold
increase in HDL apolipoprotein production rate (TR) and a
similar increase in HDL-C and HDL apolipoprotein levels
(26). Unlike our study, no change in FCR was seen, nor were
there changes in HDL composition. However, it is interesting
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that rabbits share with humans altered TR as the metabolic
mechanism of dietary change in HDL-C levels. Recent work
with nonhuman primates demonstrated a 16% decrease in
plasma apo A-I levels upon increasing the P/S ratio from 0.3 to
2.2 on a high-cholesterol diet (27). This was associated with a
19% decrease in hepatic synthesis of apo A-I and a 22% de-
crease in hepatic apo A-I mRNA, while intestinal apo A-I
mRNA was unchanged. This latter study suggests that the de-
creased appearance of apo A-I in the plasma compartment,
expressed as reduced TR, seen in the turnover studies in rab-
bits and humans, reflects decreased intrahepatic protein syn-
thesis.

HL previously has been found to correlate with the FCR of
apo A-I and A-II on high fat intake (28). We confirmed that
finding and extended it to a low-fat diet. Thus, at either end of
the usual dietary spectrum of fat and cholesterol intake, HL
appears to account for a large share of intersubject variability
in apo A-I FCR. This suggests that HL may play an important,
if indirect, role in atherogenesis. Between diets, the change in
HL did not correlate with the change in apo A-I or apo A-II
FCR. However, the change in HL did correlate inversely with
the change in apo A-I TR. Since the liver is both a major site of
apo A-I synthesis and presumably the only source of HL, this
interesting association suggests that a common intrahepatic
mechanism may mediate a reciprocal response of the two fac-
tors to dietary alteration. With regard to LPL, a decrease in fat
intake may decrease its activity in skeletal muscle (29) but not
in adipose tissue (30). We saw a decrease in postheparin
plasma LPL on decreased fat intake but it did not correlate
with changes in any HDL metabolic parameter. Within diets,
LPL also failed to correlate with any of the metabolic parame-
ters.

We previously reported an inverse relationship between an
index of HDL lipid enrichment, the HDL-C/apo A-I + apo
A-II ratio, and the FCRs of apo A-I and A-Ilin 15 women on a
high-fat diet (14). We felt that lipid enrichment could be either
a cause or an effect of decreased FCR. That report involved
seven of the eight women of this study (all except subject 3) but
examined only the high-fat diet, a higher range of HDL-C
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plotted as in Fig. 1.

levels, and included no men. In this study we found similar
strong relationships between the HDL-C/apo A-I + apo A-II
ratio and the FCRs in men and women, but only on the high-
fat diet. On the low-fat diet the correlations appeared weaker.
This suggests that high fat intake may play a role in the rela-
tionship between HDL lipid enrichment and HDL apo FCR.
A high-fat diet may enrich chylomicrons and subsequently
HDL with lipids. This lipid-rich HDL may then be less suscep-
tible to catabolism, thus lowering apolipoprotein FCR.

The question of sex differences in metabolic responses to
dietary change is of interest. On both high- and low-fat diets
the men had lower HDL-C and apo A-I levels and higher apo
A-1I FCR and HL than women. Despite these baseline differ-
ences, the only difference in diet response was in HL, which
decreased fivefold more in men than in women on going from
high to low fat intake. This finding suggests that men are
uniquely susceptible to induction of HL activity by high satu-
rated fat and cholesterol intake. Elevated HL activity may
have caused the higher FCRs in our male subjects and thus,
perhaps, their lower HDL-C levels. Furthermore, this could be
a mechanism of the elevated atherosclerosis risk seen in men
in Western societies. Thus, men may have particularly com-
pelling reasons for adherence to a prudent diet.

To summarize, we have confirmed that the major meta-
bolic mechanism of interindividual differences in HDL-C and
apo A-I levels is FCR. In contrast, we now report that the
mechanism of dietary changes in these levels is not changes in
FCR, but instead appears to be changes in apo A-I TR. Thus a
low HDL-C on a given diet occurs by a mechanism distinct
from that of a decrease in HDL-C upon changing diets. We feel
that this fundamental metabolic difference renders it inappro-
priate to assume that a diet-induced decrease in HDL-C carries
the same risk of atherosclerosis as does a low HDL-C within a
given diet. This seems particularly so since epidemiologic data
consistently show that populations with low-fat diets and low
HDL-C have reduced atherosclerosis incidence (31-33). As a
corollary, we recommend that guidelines for antiatherogenic
diets continue to emphasize the lowering of LDL, rather than
avoidance of HDL reduction.
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