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The aim of the study was to characterize postprandial high-density lipoprotein (HDL) cholesterol metabolism in postmeno- 
pausal women and to evaluate the effect of replacement therapy with 17~-estradiol. Sixteen healthy normolipidemic (plasma 
cholesterol, 5.39 -+ 0.68 mmol/L; plasma triglycerides [TGs], 1.24 -+ 0.55 mmol/L) postmenopausal women received an oral 
vitamin A fat tolerance test (50 g fat with 60,000 IU vitamin A / m  2 body surface area}. Venous blood samples were taken before 
the test, at hourly intervals up to 8 hours, and 24 hours after ingestion of the fat load for determination of HDL cholesterol, HDL 
TG, and HDL apolipoprotein (apo) A-I concentrations. TG and vitamin A concentrations were also measured. A subgroup of six 
women were treated with 2 mg micronized 1713-estradiol orally each day for 6 weeks, after which the oral vitamin A fat 
tolerance test was repeated. A reduction in plasma HDL cholesterol concentrations was observed 3 to 8 hours after ingestion of 
the fat load, and the minimal postprandial HDL cholesterol concentration was, on average, 31.7% (P = .04) lower than the 
fasting HDL cholesterol concentration. HDL cholesterol had returned to the initial value 24 hours after the fat load. The decrease 
in postprandial HDL cholesterol concentrations was attenuated by treatment with 17~-estradiol. The area under the curve 
(AUC} for the postprandial reduction in HDL cholesterol improved substantially by 66% during 17~-estradiol ( -2 .4  _+ 2.6 
mmol • h • L - I  before 1713-estradiol and -1 .1  -+ 1.2 mmol • h • L -1 during 17~-estradioI, P = .038). In conclusion, HDL cholesterol 
concentrations decreased by 32% in the postprandial state in normolipidemic postmenopausal women,  indicating that HDL 
cholesterol must be measured in the fasting state. Replacement therapy with 17~-estradiol reduced the postprandial decrease 
in HDL cholesterol by 66%.  This effect of 17~-estradiol can be beneficial in reducing the risk of coronary artery disease. 
Copyright © 1996 by W.B. Saunders Company 

E PIDEMIOLOGIC evidence shows that the plasma 
concentration of high-density liPoprotein (HDL) cho- 

lesterol is the major independent lipid factor associated 
with protection against coronary artery disease in women. ~,2 
Plasma HDL cholesterol concentrations are higher in 
women than in men, supposedly due to lower catabolic 
rates of apolipoprotein (apo) A-I, the major protein constitu- 
ent of HDL?  

In women, plasma HDL cholesterol concentrations do 
not change 4 or change only marginally with age, puberty, 
and menopause. 5,6 Exogenous estrogens increase HDL 
cholesterol concentrations by increasing apo A-I  produc- 
tion. 7 The protective effect of HDL is attributed to its 
function in reverse cholesterol transport s and its ability to 
prevent oxidation of low-density lipoprotein particles 9 and 
to protect the endothelium against cytotoxic agents derived 
from triglyceride (TG)-rich lipoprotein remnants. 1° More- 
over, HDL cholesterol is considered a good marker of the 
metabolism of atherogenic remnants of TG-rich lipopro- 
teins, 1~-13 but this has only been demonstrated in men. In 
reverse cholesterol transport, s free cholesterol is taken up 
from peripheral tissues and esterified by lecithin: choles- 
terol acyltransferase into HDL particles that contain pre- 
dominantly apo A-I. TM Subsequently, HDL particles are 
transported to the liver for catabolism, mediated in part by 
the enzyme hepatic lipase. During reverse cholesterol 
transport, cholesterol ester is transferred from H D L  to 
atherogenic remnants of TG-rich lipoproteins by the choles- 
terol ester transfer protein and, vice versa, TG is trans- 
ferred from TG-rich lipoprotein remnants to HDL par- 
ticles, s In the postprandial state, the concentration of 
TG-rich lipoproteins is elevated, and as a consequence, the 
transfer of cholesterol esters from HDL to remnants is 
increased, resulting in decreased plasma H D L  cholesterol 
concentrations. 13,1s The transfer of TG to HDL leads to the 
formation of TG-enriched HDI_~ particles, which are an 
excellent substrate for hepatic lipase, 16 contributing further 
to the postprandial reduction in HDL cholesterol. 

These changes in HDL cholesterol metabolism turn the 
postprandial state into a potentially more atherogenic 
condition in men, but no data are available in women. Since 
humans exist predominantly in the postprandial state, there 
is a distinct possibility that the postprandial HDL choles- 
terol response also defines the risk of coronary artery 
disease. The magnitude of postprandial lipemia has already 
been reported as a useful indicator of the risk of coronary 
artery disease. 17 A postprandial reduction in plasma HDL 
cholesterol has been reported in healthy young (21 to 27 
years) men 13 and in a group of men and women of different 
ages. ~5 No data are available on the relationship between 
alimentary lipemia and postprandial metabolism of HDL in 
postmenopausal women, a group with an increased risk of 
coronary artery disease. Expansion of the knowledge on 
postprandial HDL cholesterol metabolism is necessary 
because HDL cholesterol is the major protective factor in 
women? ,2 We therefore characterized postprandial HDL 
cholesterol and HDL-associated apo A-!  concentrations in 
postmenopausal women and evaluated the effect of hor- 
mone replacement therapy with 17[3-estradiol. 

SUBJECTS AND METHODS 

Subjects and Study Design 

The objective of the study was to characterize postprandial HDL 
metabolism in postmenopausal women, a group at risk for coronary 
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artery disease, and to evaluate the effect of hormonal replacement 
therapy on postprandial HDL metabolism. The 16 women who 
participated provided written informed consent; all were in good 
health, euthyroid, and nonsmokers, and did not use alcohol. 
Sixteen normolipidemic postmenopausal women received an oral 
fat load. The first six postmenopausal women who entered the 
study were treated with 2 mg micronized 1713-estradiol (Estrofem; 
NOVO Nordisk, Copenhagen, Denmark) orally each day before 
bedtime. After 6 weeks of treatment, the oral fat-loading test with 
investigation of postprandial lipid metabolism was repeated. After 
completion of the study, progestagens were added to the regimens 
of women with an intact uterus. The study protocol was approved 
by the Ethics Committee of the University Hospital Utrecht. 

Oral Retinyl Palmitate Fat-Loading Test 

Cream., a 40% (wt/vol) fat emulsion with a polyunsaturated to 
saturated fat ratio of 0.06 containing 0.001% (wt/vol) cholesterol 
and 2.8% (wt/vol) carbohydrates, was used as a fat source. Retinyl 
palmitate (RP), which is incorporated into newly synthesized 
chylomicrons, 13 was added to the cream. After an overnight fast of 
12 hours, the subjects ingested the fresh cream in a dose of 50 g 
fat/m a body surface area, with 60,000 IU RP/m 2 body surface area. 
During the following 24 hours, the women were allowed to drink 
only water. Peripheral venous blood samples were collected before 
the meal, at hourly intervals up to 8 hours, and 24 hours after the 
meal. The samples were collected in tubes containing sodium 
EDTA (2 mg/mL), and the tubes were protected against light by 
aluminum foil. The tubes were centrifuged immediately for 15 
minutes at 3,000 rpm at 4°c. The plasma obtained was subjected to 
a rapid ultracentrifugation procedure, as described previously, 13,1s 
to separate plasma into the fraction with a Svedberg flotation unit 
(Sf) value greater than 1,000, containing chylomicrons and large 
chylomicron remnants, and the infranatant fraction (Sf < 1,000), 
containing small chylomicron remnant particles, very-low-density 
lipoproteins (VLDL), low-density lipoproteins, HDL, and plasma 
proteins. Aliquots were stored at -20°C until assayed. Individual 
variability in the response to the oral fat load, measured in our 
laboratory in individuals before and after placebo, is 8.7% with RP 
and 22% with TG, calculated from the areas under the curve 
(AUCs), respectively. 39 The RP level was measured by high- 
performance liquid chromatography using retinyl acetate as an 
internal standard, u 

Analytical Methods 

Precipitation of apo B-containing lipoproteins in the Sf < 1,000 
fraction using phosphotungstic acid and magnesium chloride 13 
yielded a fraction that contained HDL particles, free apo A-I, and 
plasma proteins. These HDL-containing fractions, which are equiva, 
lent to the density gradient ultracentrifugation fraction, d > 1.063 
g/mL, were prepared on the same day the fat-loading test was 
performed. Cholesterol, TG, and apo A-I levels were measured in 
these HDL fractions. TG and cholesterol levels were measured in 
duplicate with a commercial colorimetric assay (GPO-PAP Kit no. 
701912 and Monotest Cholesterol CHOD-PAP Kit no. 237574, 
respectively; Boehringer, Mannheim, Germany). Plasma apo A-I 
and apo B were determined using the Behring immunonephelom- 
eter 100 (Behringwerke, Marburg, Germany) with assigned values 
according to the International Federation of Clinical Chemistry. 
Interassay variabilities for apo A-I and apo B were 4% and 7%, 
respectively. Postheparin (50 IU/kg body weight) plasma lipopro- 
tein lipase and hepatic lipase activities were determined as de- 
scribed by Hiittfinen et al, 2° Postheparin enzyme activities were 
determined in the fasting state 1 week after the oral fat load, to 
avoid interference of ingested fat with lipase activity and, vice 

versa, to avoid effects of lipase activity on the elimination of 
TG-rich lipoproteins and the measurement of the postprandial 
lipid response. Lipolytic activity is expressed as nanomoles of free 
fatty acids per minute per milliliter of plasma. Normal values for 
women are greater than 70 mU/mL for lipoprotein lipase and 
greater than 360 mU/mL for hepatic lipase. 

Hormone Measurements 

Serum estrone (El) and estradiol (E2) concentrations were 
measured using commercial competitive radioimmunoassays (Am- 
ersham, Little Chalfont, UK). The coefficient of variation was 2.0% 
for E1 and 2.8% for E2. In postmenopausal women, normal values 
are 40 to 200 pmol/L for E1 and 10 to 50 pmol/L for E2. Serum 
follicle-stimulating hormone (FSH) level was measured with a 
noncompetitive enzyme immunoassay (Enzymun FSH; Boeh- 
ringer). The coefficient of variation for the FSH assay was 3.1%. 
The normal value for serum FSH in postmenopausal women is 
greater than 20 IU/L. 

Statistical Analysis 

Values are expressed as the mean _ SD. Student's t tests for 
matched pairs and for independent samples were used in the 
SPSS.PC 6.0 program (SPSS, Chicago, IL). Wilcoxon's matched- 
pairs signed-rank test was applied to evaluate data that were not 
distributed normally, ie, decremental 8-hour postprandial HDL 
cholesterol AUCs. Pearson's correlation coefficients with two- 
tailed significance were calculated. Two-tailed P values less than 
.05 were considered significant. 

RESULTS 

Clinical characteristics of the 16 women studied are 
shown in Table 1. Each woman was poStmenopausal as 
assessed by amenorrhea  over 1 year and serum FSH 
concentrations greater  than 20 I U / L .  Each subject was 
normolipidemic;  plasma concentrat ions are presented in 
Table 1. 

Subjects Treated With 17f3-Estradiol 

A subgroup of  six postmenopausal  women were  t reated 
with 2 mg 1713-estradiol for 6 weeks. Pre t rea tment  values 
for fasting and postprandial  parameters  of lipid and lipopro- 
tein metabol ism , plasma steroid hormone concentrations, 
body mass index (BMI), and waist to hip ratio (WHR)  were 
not significantly different between this subgroup of six 
postmenopausal  women and the entire group of  16 post- 
menopausal  women (t tests for independent  samples). 

The  subgroup had a mean age of 55.5 _+ 4.0 years, a BMI  

Table 1. Clinical Characteristics and Fasting Lipids in 16 
Normolipidemic Postmenopausal Women 

Parameter Mean -+ SD 

Age (yr) 59 _+ 6.3 
BMI (kg/m 2) 25.3 + 2.9 

WHR 0.80 _+ 0.06 
FSH (IU/L) 72 _+ 29 

E1 (pmol/L) 140 -+ 51 
E2 (pmol/L) 57 _+ 40 

Cholesterol (mmol/L) 5.39 + 0.68 
TG (mmol/L) 1.24 +_ 0.55 

HDL cholesterol (mmol/L) 0.96 -+ 0.38 
Plasma apo A-I (mg/dL) 142 -+ 25 
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of 27.0 -+ 4.6 kg/m 2, and a WHR of 0.8 ± 0.1. After 
treatment with 1713-estradiol, plasma FSH decreased from 
89 -+ 36 to 39 -- 15 IU/L (P = .01), plasma E1 increased 
from 123 _+ 39 to 1,925 + 667 pmol/L (P = .001), and 
plasma E2 increased from 50 - 31 to 336 -+ 124 pmol/L 
(P = .002). 

Fasting plasma cholesterol was 5.63 - 0.83 retool/L, TG 
1.47 + 0.69 retool/L, and HDL cholesterol 1.15 - 0.56 
retool/L, none of which changed significantly after 1713- 
estradiol treatment. By contrast, replacement therapy with 
17[3-estradiol significantly increased fasting apo A-I in total 
plasma from 146 + 23 to 159 --+ 26 mg/dL (P = .03), 
whereas apo A-I in the HDL-containing fractions remained 
unchanged (129 + 29 mg/dL before and 130 + 40 mg/dL 
after 17[3-estradiol). Hepatic lipase activity was significantly 
reduced from 417 _ 84 to 284 + 71 mU/mL by 1713- 
estradiol, whereas lipoprotein lipase activity was not af- 
fected (138 + 40 mU/mL). 

Fasting and Postprandial HDL Cholesterol, HDL TG, and 
HDL-Assoc&ted Apo A-I 

Postprandial HDL cholesterol concentrations were signifi- 
cantly lower than fasting values (Student's paired t tests) 3 
to 8 hours after ingestion of the fat load. The minimal 
postprandial HDL cholesterol concentration was 0.62 -+ 
0.16 mmol/L, which represented a 31.7% decrease from the 
fasting HDL cholesterol concentration of 0.96 + 0.38 
mmol/L (P = .002, paired t test). The 8-hour AUC for the 
postprandial reduction in HDL cholesterol was - 1.7 + 2.7 
mmol • h • L-L HDL TG concentrations decreased signifi- 
cantly at 1 to 3 hours after the fat load. The minimal 
postprandial HDL TG concentration was 0.15 -+ 0.04 
mmol/L, which is 31.8% lower than the fasting HDL TG of 
0.22 + 0.04 mmol/L (P < .001, paired t test). Apo A-I in 
HDL-containing fractions also decreased in the postpran- 
dial state; this decrease reached significance after 3 and 6 
hours. Fasting HDL apo A-I level was 108 -+ 42 mg/dL, and 
the minimal postprandial HDL apo A-I concentration was 
reduced by 23.1% to 83 -+ 17 mg/dL (P = .022, paired t 
test). HDL cholesterol, HDL TG, and HDL apo A-I 
concentrations had returned to the initial fasting values 
after 24 hours. Plasma apo A-I was 147 - 26 mg/dL in the 
fasting state, and decreased significantly at 5 hours (140 -+ 27 
mg/dL, P = .017) and 6 hours (139 + 25 mg/dL, P = .001) 
after the fat load (Fig 1). 

Effects of 17~-estradiol. Hormone replacement therapy 
with 1713-estradiol significantly reduced the AUC for the 
postprandial decrease in HDL cholesterol by 66% from 
-2.4 -+ 2.6to -1.1 -+ 1.2 mmol. h" L -1 (P = .038, Wilcoxon 
signed-rank test; Table 3), although fasting HDL choles- 
terol concentrations had not changed. Postprandial HDL 
TG and HDL apo A-I did not change significantly after 
1713-estradiol. 

Postprandial RP and TG Metabolism 

The postprandial plasma TG response, expressed as 
AUC at 8 hours for TG, was 14.2 + 6.3 mmol • h - L -1 and 
significantly correlated with fasting plasma TG concentra- 
tion (1.24 _+ 0.55 retool/L, r = .97, P < .001), BMI 
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Fig 1. Postprandial HDL metabolism in 16 norrnolipidemic post- 
menopausal women. HDL cholesterol and HDL-associated apo A- I  

concentrations at  0 t o  8 hours and 24 hours after ingestion of an oral 
fat load (50 g fat /rn 2 body surface area) are shown for 16 normolipid- 
emic postmenopausal women. Postprandial values (1 t o  8 hours) were 
compared with fasting values using paired t tests. *P  < ,05, t P  < .01. 

AUC HDL Chol  ( m m o l  • h • L - l ) ,  decremental 8-hour postprandial 
A U C  for HDL cholesterol. ~ AUC HDL Apo A-I (rng - h - dL  -1), decremen- 
tal 8-hour postprandial AUC for HDL apo A-I.  

(25.3 _ 2.9 kg/m 2, r = .62,P = .01), and WHR (0.80 _+ 0.06, 
r = .83, P < .001), but not with fasting lipoprotein lipase 
activity (Table 2). 

Effects of 17f3-estradiol. The total postprandial mass of 
chylomicrons and chylomicron remnants, expressed as the 
8-hour AUC of RP in plasma, decreased from 27.1 -+ 15.9 
to 16.6 -+ 13.2 mg" h • L -1 (P = .01), and the amount of 
large chylomicron remnants, expressed as the 8-hour AUC 
of RP in the Sf > 1,000 fraction, decreased from 11.5 -+ 9.0 
to 7.0 - 9.8 mg • h - L -1 (P = .005) after treatment with 
17[3-estradiol. 

Correlations Between Fasting and Postprandial HDL 
Cholesterol and TG Metabolism 

The fasting HDL cholesterol concentration correlated 
inversely with the 8-hour AUC for the decrease in HDL 
cholesterol (r = -.92, P < .001). The interpretation is that 
fasting HDL cholesterol concentration predicted the magni- 

Table 2. Postprandial RP and TG Concentrations in 16 
Norrnolipidemic Postmenopausal Women 

Plasma Sf > 1,000 Sf < 1,000 

R P 8 - h o u r A U C ( m g ' h . L  -1) 4 2 . 5 - + 2 4 . 6  19 .2_+12 .9  1 9 . 4 - + 1 0 . 2  

T G 8 - h o u r A U C ( m m o l . h . L  -1) 14 .2_+6 .3  2 ,6_+1 .3  11.3_+5.1  
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tude of the reduction in postprandial HDL cholesterol 
concentration. However, neither the fasting HDL choles- 
terol concentration nor the 8-hour AUC of postprandial 
HDL cholesterol correlated with fasting or postprandial 
TG and RP concentrations in total plasma, Sf < 1,000 
fractions, or Sf > 1,000 fractions. 

Effects of 17~-estradiol. The 17[3-estradiol-induced im- 
provement of the postprandial reduction in HDL choles- 
terol, calculated as the decremental AUC of HDL choles- 
terol (Table 3), correlated with 17[3-estradiol-induced 
changes in the corrected AUC of plasma TG, calculated as 
plasma AUC of TG divided by fasting plasma TG concentra- 
tion (r = .93, P = .008; Fig 2). 

DISCUSSION 

The present data show that in normolipidemic postmeno- 
pausal women, HDL cholesterol concentrations decrease 
by 32% in the postprandial state. This decrease is similar to 
the 35% reduction in postprandial HDL cholesterol ob- 
served in young normolipidemic men, 13 indicating that a 
postprandial reduction in HDL cholesterol occurs to the 
same extent in young men and postmenopausal women. It 
should therefore be recognized that the postprandial reduc- 
tion in HDL cholesterol is a physiological response to an 
oral fat load that is transient in nature. HDL cholesterol 
and apo A-I returned to initial values 24 hours after the oral 
fat load in the present study in women and in men. The 
greater than 30% difference between fasting and minimal 
postprandial HDL cholesterol concentrations also supports 
the conclusion that HDL cholesterol concentrations should 
be measured in the fasting state, as recommended by the 
National Institutes of Health, 21 and that only fasting HDL 
cholesterol values can be used for interindividual compari- 
son and intraindividual follow-up evaluation. In postmeno- 
pausal women, fasting HDL cholesterol concentrations 
correlate inversely with the postprandial reduction in HDL 
cholesterol, but this relation is absent in men. 13 The reason 
for this interesting discrepancy is not clear. An inverse 
association between fasting HDL cholesterol concentra- 
tions, particularly HDL2 cholesterol, 16 and postprandial 
lipemia has previously been reported in men x2 and in 
combined groups of men, premenopausal women, and 

Table 3. Postprandial Reduction in HDL Cholesterol Before and After 
6 Weeks of Treatment With 2 mg 17~-Estradiol in Six 

Normolipidemic Postmenopausal Women 

Subject No. 

a-AUC HDL Cholesterol (mmol, h. L 1) 

Before 1713-Estradiol After 17{3-Estradiol (% improved) 

1 -2.47 -0.65 (74) 

2 -0.29 -0.25 (12) 

3 -2.59 -1.10 (58) 

4 -1.27 -1.00 (21) 

5 -0.35 +0.29 (183) 

6 -7.40 -3.71 (50) 

Mean _+ SD -2.40 -+ 2.64 -1.07 + 1.17 

(66%; range, 12%-183%)* 

*P = .028 by Wilcoxon signed-rank test. 

Abbreviation: 5-AUC HDL cholesterol, decremental 8-hour postpran- 

dial AUC for HDL cholesterol. 

~, 2 

G 1 
E 

r3 0 
I-  

- 1  
¢L Q. 

- 2  
.¢_ 
• - 3  
ol 
C 
(u - 4  
,¢: 
0 - 5  

0 1 2 3 4 

Improvement in pp HDL-C (mmol.h/L) 

Fig 2. Line plot of correlation between 17[~-estradiol-induced 
changes in postprandial HDL cholesterol and TG metabolism. The 
171~-estradiol-induced improvement in postprandial (pp) HDL choles- 
terol, calculated as the decremental AUC for HDL cholesterol, is 
plotted against changes in pp TG calculated as AUC for TG divided by 
fasting TG concentration. 12,18 (r = .93, P = .008, Pearson's correlation 
coefficient with two-tailed significance). 

postmenopausal women, 15,16 but was not found in the 
present study. Fasting and postprandial HDL cholesterol 
concentrations did not correlate with either fasting TG 
levels or the postprandial 8-hour TG AUC. This suggests 
that in normolipidemic postmenopausal women, fasting 
HDL cholesterol concentrations do not reflect the effi- 
ciency of postprandial TG metabolism. Our results show 
that in postmenopausal women, fasting HDL cholesterol 
concentrations predict postprandial HDL cholesterol me- 
tabolism in response to an oral fat load. An explanation for 
the absence of a clear correlation between HDL cholesterol 
and TG metabolism is that in normolipidemic women the 
metabolism of TG-rich lipoproteins and HDL particles is 
less interrelated than in men, due to more efficient clear- 
ance of TG-rich lipoproteins, 22 reduced catabolism of 
HDL, 3 and higher de novo hepatic HDL and apo A-I 
production. 7 Epidemiological studies strongly suggest that 
hormone replacement therapy can protect postmenopausal 
women against coronary artery disease. 23 This protective 
effect is partly attributed to changes in fasting lipids, 
including an increase in HDL cholesterol concentrations. 
In the postprandial state, TG concentrations are elevated 
and HDL cholesterol concentrations are reduced. The 
atherogenicity of such a high-TG/low-HDL lipid profile in 
the fasting state has been established in large prospective 
trials in men, 24,25 but not yet in women. 

Hormone replacement therapy with oral 17[3-estradiol 
did not change fasting HDL cholesterol and TG concentra- 
tions, but significantly attenuated the postprandial reduc- 
tion in HDL cholesterol concentrations. This suggested 
that more HDL cholesterol remained involved in reverse 
cholesterol transport, one of the important functions of 
HDL particles. The clinical relevance of the 1713-estradiol- 
induced attenuation of postprandial HDL cholesterol reduc- 
tions in postmenopausal women remains to be determined. 
However, protection against coronary artery disease may be 
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expected, since HDL cholesterol is a powerful protective 
lipid factor in women. ~,2 

Fasting plasma apo A-I concentrations were significantly 
increased by 1713-estradiol treatment, which is in accor- 
dance with previous reports on increased production rates 
of apo A-I after oral estrogens. 7 Furthermore, we found a 
reduction in the activity of hepatic lipase, the enzyme that 
reduces HDL cholesterol concentration by promoting he- 
patic cholesterol uptake from HDL particles. The decrease 
in hepatic lipase is also a known estrogen effect. 26 In 
addition, estrogens improve the clearance of chylomicron 
remnant particles, 22 which may result in reduced transfer of 
cholesterol ester from HDL to remnants of TG-rich lipopro- 
teins. Each of the above-mentioned 1713-estradiol effects 
can, in theory, contribute to the observed improvement of 
the postprandial reduction in HDL cholesterol. But each 
effect separately did not correlate with the 1713-estradiol- 
induced changes in postprandial HDL cholesterol metabo- 
lism. This finding suggests that the mechanism of the 
improvement of postprandial HDL metabolism after 1713- 
estradiol therapy is complex, and probably the net result of 
influences on several aspects of HDL metabolism or TG 
metabolism. The most conspicuous association was found 
between 17[3-estradiol-induced changes in the corrected 
AUC for plasma TG 12,18 and in the decremental AUC for 
HDL cholesterol (r = .93, P = .008), indicating that the 
improvement in postprandial HDL cholesterol metabolism 
with 17t3-estradiol was at least partly related to changes in 
TG metabolism. We cannot conclude whether the changes 

in the corrected AUC for plasma TG reflect alterations in 
elimination, e2 secretion of VLDL or chylomicrons, or a 
combination of both. 

Treatment with 1713-estradiol increased fasting apo A-I 
concentrations in total plasma, but apo A-I in HDL 
fractions remained unchanged. This increase in non-HDL 
apo A-I could reflect an increase in VLDL-associated apo 
A-I via a 1713-estradiol-induced increased production of 
VLDL particles27; it could also represent apo A-I in surface 
fragments released from VLDL or chylomicron particles 
during hydrolysis. 2s 

In conclusion, postprandial HDL cholesterol concentra- 
tions were 32% lower than fasting HDL cholesterol concen- 
trations in postmenopausal women, and in view of the 
marked decrease in postprandial HDL cholesterol, the data 
strongly support a recommendation that HDL cholesterol 
be determined in the fasting state. In postmenopausal 
women, fasting HDL cholesterol accurately predicted the 
postprandial reduction in HDL cholesterol. Hormone re- 
placement therapy with 1713-estradiol improved the post- 
prandial decrease in HDL cholesterol, rendering the post- 
prandial state potentially less atherogenic. 

ACKNOWLEDGMENT 

Postheparin lipolytic activities were determined by Dr Hans 
Jansen, University Hospital Rotterdam. We wish to thank Luci- 
enne A.W. Kock and Florianne C. de Ruyter-Heystek for excellent 
technical assistance and Geesje M. Dallinga-Thie for critical 
discussions. 

REFERENCES 

1. Bush TL, Fried LP, Barrett-Connor E: Cholesterol, lipopro- 
teins, and coronary heart disease in women. Clin Chem 34:B60- 
B70, 1988 

2. Bass KM, Newschaeffer CJ, Klag MJ, et al: Plasma lipopro- 
tein levels as predictors of cardiovascular disease in women. Arch 
Intern Med 153:2209-2216, 1993 

3. Brinton EA, Eisenberg S, Breslow J: Human HDL choles- 
terol levels are determined by apo A-I fractional catabolic rate, 
which correlates inversely with estimates of HDL particle size. 
Arterioscler Thromb 14:707-720, 1994 

4. Schaefer EJ, Lamon-Fava S, Ordovas JM, et al: Factors 
associated with low and elevated plasma high density lipoprotein 
cholesterol and apolipoprotein A-I levels in the Framingham 
Offspring Study. J Lipid Res 35:871-882, 1994 

5. Matthews KA, Meilahn E, Kuller LH, et al: Menopause and 
risk factors for coronary heart disease. N Engl J Med 321:641-646, 
1989 

6. Williams PT, Vranizan KM, Austin MA, et al: Associations of 
age, adiposity, alcohol intake, menstrual status, and estrogen 
therapy with high-density lipoprotein subclasses. Arterioscler 
Thromb 13:1654-1661, 1993 

7. Walsh BW, Li H, Sacks FM: Effects of postmenopausal 
hormone replacement therapy with oral and transdermal estrogen 
on high density lipoprotein metabolism. J Lipid Res 35:2083-2093, 
1994 

8. Barter P: High-density lipoproteins and reverse cholesterol 
transport. Curr Opin Lipidol 4:210-217, 1993 

9. Mackness MI, Abbott C, Arrol S, et al: The role of high 
density lipoprotein and lipid soluble anti oxidant vitamins in 
inhibiting low density lipoprotein oxidation. Biochem J 294:829- 
834, 1993 

10. Chung BH, Segrest JP, Smith K, et al: Lipolytic surface 
remnants of triglyceride-rich lipoproteins are cytotoxic to macro- 
phages but not in the presence of high density lipoprotein. J Clin 
Invest 83:1363-1374, 1989 

11. Karpe F, Bard J-M, Steiner G, et al: HDLs and alimentary 
lipemia. Studies in men with previous myocardial infarction at a 
young age. Arterioscler Thromb 13:11-22, 1993 

12. O'Meara NM, Lewis GF, Cabana VG, et al: Role of basal 
triglyceride and high density lipoprotein in determination of 
postprandial lipid and lipoprotein responses. J Clin Endocrinol 
Metab 75:465-471, 1992 

13. Bruin TWA de, Brouwer CB, Gimpel JA, et al: Postprandial 
decrease in HDL-cholesterol and HDL-associated apo A-I in 
normal subjects in relation to TG metabolism. Am J Physiol 
260:E492-E498, 1991 

14. Fielding CJ, Fielding PE: Molecular physiology of reverse 
cholesterol transport. J Lipid Res 36:211-228, 1995 

15. Cohn JS, McNamara JR, Cohn SD, et al: Postprandial 
plasma lipoprotein changes in human subjects of different ages. 
J Lipid Res 29:469-479, 1988 

16. Patsch JR, Prasad S, Gotto AM Jr, et al: Postprandial 
lipemia. A key for the conversion of high density lipoprotein2 into 
high density lipoprotein3 by hepatic lipase. J Clin Invest 74:2017- 
2023, 1984 

17. Patsch JS, Miesenb6ck G, Hopferwieser T, et al: Relation of 
triglyceride metabolism and coronary artery disease. Arterioscler 
Thromb 12:1336-1345, 1992 

18. Castro Cabezas M, de Bruin TWA, Janssen H, et al: 
Impaired chylomicron remnant clearance in familial combined 
hyperlipidemia. Arterioscler Thromb 13:804-814, 1993 



832 WESTERVELD ET AL 

19. Reitsma JB, Castro Cabezas M, de Bruin TWA, et al: 
Relationship between improved postprandial lipemia and low- 
density lipoprotein metabolism during treatment with tetrahydro- 
lipstatin, a pancreas lipase inhibitor. Metabolism 43:293-298, 1994 

20. Hfittiinen JK, Ehnholm C, Kinnunen PKJ, et al: An immuno- 
chemical method for the selective measurement of two triglyceride 
lipases in human postbeparin plasma. Clin Chim Acta 63:335-347, 
1975 

21. National Institutes of Health Consensus Conference: Triglyc- 
eride, high-density lipoprotein, and coronary heart disease. JAMA 
269:505-510, 1993 

22. Westerveld HE, Kock LAW, Rijn HJM van, et al: 17[~- 
Estradiol improves postprandial lipid metabolism in postmeno- 
pausal women. J Clin Endocrinol Metab 80:249-253, 1995 

23. Stampfer MJ, Colditz GA, Willett WC, et al: Postmeno- 
pausal estrogen therapy and cardiovascular disease. N Engl J Med 
325:756-762, 1991 

24. Assmann G, Schulte H: Relation of high-density lipoprotein 
cholesterol and triglycerides to incidence of atherosclerotic coro- 
nary artery disease. Am J Cardio170:733-737, 1992 

25. Manninen V, Tenkanen L, Koskinen P, et al: Joint effects of 
serum triglyceride and LDL cholesterol and HDL cholesterol 
concentrations on coronary heart disease risk in the Helsinki Heart 
Study. Circulation 85:37-45, 1992 

26. Colvin PL, Auerbach B J, Case LD, et al: A dose-response 
relationship between sex hormone induced change in hepatic 
triglyceride lipase and high density lipoprotein cholesterol in 
postmenopausal women. Metabolism 10:1052-1056, 1991 

27. Walsh BW, Schiff I, Rosner B, et al: Effects of postmeno- 
pausal estrogen replacement therapy on the Concentrations and 
metabolism of plasma lipoproteins. N Engl J Med 325:1196-1204, 
1991 

28. Eisenberg S: High density lipoprotein metabolism. J Lipid 
Res 25:1017-1058, 1984 


