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ABSTRACT
The high triglyceride (TG) and low high density lipoprotein (HDL)

cholesterol dyslipidemia has been associated with increased post-
prandial lipemia. Although fasting TG is a powerful predictor of
postprandial hyperlipidemia, the role of hypoalphalipoproteinemia in
postprandial TG metabolism is uncertain. We have studied postpran-
dial lipemia among 63 men with low fasting plasma HDL cholesterol
concentrations (,0.9 mmol/L), but with either low (,2.0 mmol/L) or
high (.2.0 mmol/L) fasting plasma TG levels. A significant relation-
ship was noted between postprandial TG response and fasting HDL
cholesterol concentration (r 5 20.43; P , 0.0005). We also found that
men with high TG/low HDL dyslipidemia (high TG and low HDL
cholesterol; n 5 16) were characterized by abdominal obesity as well
as increased visceral adipose tissue accumulation, whereas normo-
lipidemic controls (low TG and high HDL cholesterol; n 5 26) and men
with isolated low HDL cholesterol concentrations (low TG and low

HDL cholesterol; n 5 17) were not characterized by features of the
insulin resistance syndrome (visceral obesity, hyperinsulinemia, and
hypertriglyceridemia). Although controls and men with isolated low
HDL cholesterol levels had similar postprandial lipemic responses,
men with the high TG/low HDL dyslipidemia had a marked increase
in their postprandial TG responses to the fat load compared with the
other subgroups (P , 0.001). Men with the high TG/low HDL dys-
lipidemia were also characterized by higher concentrations of apoli-
poprotein (apo) B-48 and B-100 particles (chylomicron remnants and
very low density lipoproteins, respectively) before and during the
postprandial period compared with the other subjects. These results
suggest that low HDL cholesterol concentration is a heterogeneous
metabolic phenotype that it is not associated with postprandial hy-
perlipidemia unless accompanied by other features of the insulin
resistance syndrome. (J Clin Endocrinol Metab 85: 4575–4582, 2000)

A REDUCED fasting plasma high density lipoprotein
(HDL) cholesterol concentration has been shown to be

predictive of an increased risk of coronary heart disease
(CHD) (1, 2). Although a role in reverse cholesterol transport
has been proposed, the physiological mechanism by which
low HDL cholesterol level increases CHD risk remains a
matter of debate. Interestingly, hypoalphalipoproteinemia is
often accompanied by elevated plasma triglyceride (TG) con-
centrations in the fasting state (3, 4). For instance, the high TG
and low HDL cholesterol phenotype is frequently observed
in type 2 diabetic patients (5) or abdominally obese, insulin-

resistant individuals, and these subjects are at increased risk
for CHD (6).

Twenty years ago, Zilversmit (7) put forward the hypoth-
esis that the development of atherosclerosis could be the
result of a postprandial phenomenon. Since then, postpran-
dial lipoprotein metabolism has received more attention, and
it has been reported that dietary fat tolerance is affected by
numerous factors, such as age (8, 9), gender (8, 10, 11), obesity
(12), body fat distribution (13–16), diet (17), physical activity
(18–21), and type 2 diabetes (22, 23). In addition, fasting
lipoprotein-lipid alterations have been associated with dis-
turbances of plasma TG clearance during the postprandial
period. Thus, fasting hypertriglyceridemia has been identi-
fied as a powerful predictor of postprandial hyperlipidemia
(24–26). On the other hand, it has been reported that subjects
with reduced fasting plasma HDL cholesterol levels, espe-
cially in the HDL2 subfraction, were characterized by in-
creased postprandial lipemia (27), which has led some to
suggest that reduced HDL cholesterol concentrations may be
a surrogate for inefficient clearance of TG-rich lipoproteins
(TRL). In contrast to these latter observations, a normal (28)
and even decreased (29) postprandial TG response to a fat
meal has also been reported in normotriglyceridemic men
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with hypoalphalipoproteinemia, suggesting that low HDL
cholesterol could also be associated with a heterogeneous
postprandial lipoprotein phenotype. Thus, the contribution
of decreased HDL cholesterol concentrations to postprandial
hyperlipidemia remains uncertain. The present study there-
fore examined the relationship of reduced fasting plasma
HDL cholesterol levels to postprandial lipemia among men
showing either normal or elevated fasting plasma TG levels.

Subjects and Methods
Subjects

Sixty-three men (mean age 6 sd, 45 6 10 yr) were recruited through
the media and selected to cover a wide range of body fatness values.
Subjects gave their written consent to participate in the study, which was
approved by the medical ethics committee of Laval University. Subjects
were all nonsmokers, and those with diabetes or coronary heart disease
were excluded from the study. The apolipoprotein E genotype was not
available in these subjects. None of the subjects was taking medication
known to affect insulin action or plasma lipoprotein levels. With the
exception of not consuming alcohol 48 h before the test meal, no other
dietary recommendations were made to the subjects before the study.

Anthropometry, body composition, and body fat distribution

Body weight, height, as well as waist and hip circumferences were
measured following standardized procedures (30), and the waist to hip
ratio was calculated. Body density was measured by the hydrostatic
weighing technique (31). The mean of six measurements was used in the
calculation of percent body fat from body density using the equation of
Siri (32). Fat mass was obtained by multiplying body weight by percent
body fat. Visceral adipose tissue (AT) accumulation was assessed by
computed tomography, which was performed on a Siemens Somatom
DRH scanner (Erlagen, Germany) using previously described proce-
dures (33, 34). Briefly, the subjects were examined in the supine position
with both arms stretched above the head. The scan was performed at the
abdominal level (between L4 and L5 vertebrae) using an abdominal
scout radiograph to standardize the position of the scan to the nearest
millimeter. The total AT area was calculated by delineating the abdom-
inal scan with a graph pen and then computing the AT surface with an
attenuation range of 2190 to 230 Hounsfield units (33–35). The ab-
dominal visceral AT area was measured by drawing a line within the
muscle wall surrounding the abdominal cavity. The abdominal sc AT
area was calculated by subtracting the visceral AT area from the total
abdominal AT area.

Oral lipid tolerance test

After a 12-h overnight fast, an iv catheter was inserted into a forearm
vein for blood sampling. Each participant was given a test meal con-
taining 60 g fat/m2 body surface area as previously described (13). The
meal (total kilocalories between 1800–2200 depending on body surface
area) consisted of eggs, cheese, toasts, peanut butter, peaches, whipped
cream, and milk and provided 64% of calories from fat, 18% from
carbohydrates, and 18% from protein. The test meal was well tolerated
by all subjects, and they were not allowed to eat for the next 8 h, but were
given free access to water. Blood samples were drawn before the meal
and every 2 h after the meal over an 8-h period.

Fasting and postprandial plasma lipoprotein concentrations

Plasma was separated immediately after blood collection by centrif-
ugation at 3000 rpm for 10 min at 4 C. TG and cholesterol concentrations
in total plasma were determined enzymatically on a RA-500 analyzer
(Bayer Corp., Tarrytown, NY), as previously described (36). Each plasma
sample (4 mL) was then subjected to a 12-h ultracentrifugation (50,000
rpm) in a Beckman Coulter, Inc. 50.3Ti rotor (Palo Alto, CA) at 4 C in
6-mL Beckman Coulter, Inc. Quickseal tubes, which yielded two frac-
tions: the top fraction contained TG-rich lipoproteins (total-TRL; density,
,1.006 g/mL), and the bottom fraction consisted of TG-poor lipopro-
teins (density, .1.006 g/mL). Using the distilled water layering tech-

nique and modified method of Ruotolo et al. (37), the total TRL fraction
was further separated by a 5-min spin (40,000 rpm) at 4 C, using the same
tubes and rotor, into three subclasses of TRL, namely, large, medium,
and small. A small volume (100 mL) of a 1.019 g/mL density saline
solution was added to the total TRL fraction to facilitate water layering.
The large TRL fraction was collected by tube slicing and made up to a
final volume of 1 mL with 0.15 mol/L NaCl. The next 3 mL of the middle
layer were collected by aspiration as medium TRL, and the final 2 mL
were considered the small TRL fraction. Large TRL consist of lipopro-
teins of Svedberg flotation rate (Sf) more than 400, whereas the medium
and small TRL are within a spectrum of particles of Sf 20–400 (37). HDL
particles were isolated from the bottom fraction (density, .1.006 g/mL)
after precipitation of apo B-containing lipoproteins with heparin and
MnCl2 (38). The TG and cholesterol contents of each fraction, i.e. large,
medium, and small TRL as well as HDL, were quantified on the auto-
analyzer. All lipoprotein isolation procedures were completed within
2–3 days of the fat load test. Plasma free fatty acid (FFA) levels were also
measured at 0, 2, 4, 6, and 8 h using an enzymatic method (39). Fasting
total and LDL apo B as well as apo A-I concentrations were measured
in plasma by the rocket immunoelectrophoretic method (40). The ly-
ophilized serum standard for apo B measurement was prepared in our
laboratory and calibrated with reference standards obtained from the
Centers for Disease Control and Prevention (Atlanta, GA).

Postprandial apo B-48 and B-100 measurements

Apo B-48 and B-100 concentrations were quantified in the total TRL
fraction by densitometry scanning of apo bands separated by electro-
phoresis in 3–10% SDS-polyacrylamide slab gels and stained with Coo-
massie blue, as previously described (41, 42).

Postheparin plasma lipoprotein lipase activity

Plasma lipoprotein lipase (LPL) and hepatic lipase (HL) activities
were also measured on one occasion in subjects after a 12-h overnight
fast, 10 min after an iv injection of heparin (60 IU/kg BW). The activity
was measured using a modification of the method of Nilsson-Ehle and
Ekman (43), as previously described (44), and expressed as nanomoles
of oleic acid released per mL plasma/min.

Glucose and insulin concentrations

Fasting and postprandial plasma glucose concentrations were deter-
mined using the glucose oxidase assay (Sigma, St. Louis, MO) (45).
Plasma insulin levels were measured by a commercial double antibody
RIA (Linco Research, Inc., St. Louis, MO) that shows little cross-reac-
tivity (,0.02%) with proinsulin (46).

Statistical analysis

Pearson product-moment correlation coefficients were used to quan-
tify associations between variables. Men were divided into four sub-
groups according to fasting plasma TG and HDL cholesterol concen-
trations: normolipidemic controls (low TG and high HDL cholesterol;
n 5 26), men with isolated low HDL cholesterol levels (low TG and low
HDL cholesterol; n 5 17), men with isolated hypertriglyceridemia (high
TG and high HDL cholesterol; n 5 4), and men with the high TG/low
HDL dyslipidemia (high TG and low HDL cholesterol; n 5 16). Cut-
points used for TG and HDL cholesterol were 2.0 and 0.9 mmol/L,
respectively (3). As the isolated hypertriglyceridemia phenotype had a
relatively low frequency in the present cohort (n 5 4), this subgroup of
men was not included in the comparative analyses. Differences between
men with different fasting lipoprotein-lipid phenotypes were tested for
significance using the general linear regression model procedure. The
different areas under the curve of TG, glucose, insulin, FFA, as well as
HDL cholesterol and HDL TG concentrations were determined by the
trapezoid method. All analyses were conducted with the SAS statistical
package (SAS Institute, Inc., Cary, NC).

Results

The association between fasting plasma HDL cholesterol
and the postprandial plasma TG response is shown in Fig. 1.
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We found that HDL cholesterol was significantly and neg-
atively related (r 5 20.43; P , 0.0005) to the postprandial
plasma TG response. To identify individuals with hypoal-
phalipoproteinemia but with either low or high fasting TG
levels, we used the association between fasting plasma TG
and HDL cholesterol concentrations (Fig. 1). As expected, we
noted a negative relationship between both variables. Using
cut-off points of 2.0 and 0.9 mmol/L for TG and HDL cho-
lesterol, respectively (3), we were able to identify sub-
groups of men with different fasting lipoprotein-lipid phe-
notypes, i.e. normolipidemic controls (low TG and high
HDL cholesterol), men with isolated low HDL cholesterol
levels (low TG and low HDL cholesterol), as well as men
with the high TG/low HDL dyslipidemia (high TG and
low HDL cholesterol).

Adiposity and body fat distribution indexes among men
with different fasting lipoprotein-lipid phenotypes are pre-
sented in Table 1. Men with the high TG/low HDL dyslip-
idemia had increased overall adiposity compared with
normolipidemic controls and men with isolated low HDL
cholesterol levels. Men with high TG/low HDL dyslipidemia
were also characterized by abdominal obesity, as evidenced
by larger waist circumference, higher waist to hip ratio, and
greater visceral AT accumulation compared with the other
subgroups.

Table 2 compares the fasting metabolic profile among the
three groups of men. As expected, men with the high TG/
low HDL dyslipidemia showed the most disturbed profile.
Indeed, in addition to elevated fasting TG levels in plasma
and in all TRL subfractions (data not shown), men with high
TG/low HDL dyslipidemia were characterized by higher
fasting apo B and LDL apo B concentrations as well as a
markedly increased total/HDL cholesterol ratio compared
with both normolipidemic controls and men with isolated
low HDL cholesterol levels. Compared with normolipidemic
controls, men with the high TG/low HDL dyslipidemia had
lower HDL cholesterol and HDL apo A-I concentrations as
well as increased insulin levels. Although men with isolated
low HDL cholesterol were also characterized by decreased
HDL apo A-I levels compared with controls, they did not
show any other metabolic alterations compared with normo-
lipidemic subjects. Furthermore, there was no significant

TABLE 1. Physical characteristics of the subjects

Controls Isolated low
HDL cholesterol

High TG/low
HDL dyslipidemia

No. of subjects 26 17 16
Age (yr) 46 6 11 45 6 11 44 6 7
BW (kg) 84.5 6 10.4 83.3 6 10.2 97.4 6 14.0a

Body mass index (kg/m2) 28.0 6 3.8 27.5 6 2.9 32.3 6 4.5a

% Body fat 26.1 6 7.6 26.8 6 5.1 29.9 6 5.6
Fat mass (kg) 22.6 6 8.5 22.6 6 6.4 29.8 6 9.2a

Waist circumference (cm) 96.2 6 9.1 94.3 6 8.9 105.3 6 9.7a

Waist to hip ratio 0.94 6 0.05 0.91 6 0.06 0.99 6 0.05a

Abdominal adipose tissue areas (cm2)
Visceral 129 6 49 135 6 53 195 6 71a

sc 254 6 114 244 6 86 331 6 100a

Values are the mean 6 SD.
a Significantly different from controls and significantly different from men with isolated low HDL cholesterol levels.

FIG. 1. A, Association between fasting plasma HDL cholesterol and
the postprandial plasma TG response (calculated as the incremental
area under the 0–8 h TG curve); B, association between fasting
plasma HDL cholesterol and TG concentrations in the 63 men in-
cluded in the study. Subjects were divided on the basis of 4 fasting
plasma lipoprotein-lipid phenotypes: normolipidemic controls (n 5
26) as well as men with isolated low HDL cholesterol (n 5 17), men
with isolated high TG (n 5 4), and men with high TG/low HDL
dyslipidemia (n 5 16). Dotted lines indicate the cut-off points of HDL
cholesterol (0.90 mmol/L) and TG (2.00 mmol/L) that were used to
create the subgroups.
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difference in postheparin plasma lipase activities between
normolipidemic controls and men with hypoalphalipopro-
teinemia with or without elevated fasting TG levels. How-
ever, a tendency was noted for normolipidemic subjects to
have slightly higher LPL and lower HL activities compared
with the other individuals, which resulted in a significantly
lower HL/LPL ratio in controls compared with that in men
with high TG/low HDL dyslipidemia.

Increases in large, medium, and small TRL TG concentra-
tions after fat meal ingestion were noted in all subgroups of
men (Fig. 2). Although no difference was noted in postpran-
dial responses of normolipidemic controls vs. men with iso-
lated low HDL cholesterol levels, men with the high TG/low
HDL dyslipidemia were characterized by substantially
higher TRL-TG levels at all times during the postprandial

period compared with the other subgroups. These increased
postprandial TRL-TG concentrations in men with the high
TG/low HDL dyslipidemia led to higher postprandial TG
responses in all TRL subfractions compared with subjects
with isolated low HDL cholesterol levels and normolipi-
demic controls. Figure 3 illustrates the postprandial changes
in total TRL apo B-48 and B-100 concentrations in the three
subgroups of men. As for TG, men with high TG/low HDL
dyslipidemia were characterized by increased apo B-48 and
B-100 levels in the total TRL fraction throughout the entire
postprandial period compared with normolipidemic con-
trols and men with isolated low HDL cholesterol concentra-
tions. In contrast, normolipidemic controls and men with
isolated low HDL cholesterol did not show any difference in
apo B-48 and B-100 levels over the 8-h postprandial period.

TABLE 2. Fasting metabolic profile of the subjects

Controls Isolated low
HDL cholesterol

High TG/low HDL
dyslipidemia

No. of subjects 26 17 16
Triglycerides (mmol/L) 1.31 6 0.44 1.37 6 0.41 3.17 6 0.58a,b

HDL cholesterol (mmol/L) 1.10 6 0.19 0.80 6 0.06a 0.72 6 0.06a

Cholesterol (mmol/L) 5.10 6 0.82 4.71 6 0.75 5.41 6 0.64b

LDL cholesterol (mmol/L) 3.41 6 0.85 3.12 6 0.66 3.29 6 0.57
Apolipoprotein B (g/L) 1.00 6 0.19 1.01 6 0.20 1.23 6 0.16a,b

LDL apolipoprotein B (g/L) 0.90 6 0.17 0.91 6 0.18 1.05 6 0.16a,b

HDL apolipoprotein A-I (g/L) 1.30 6 0.15 1.16 6 0.10a 1.18 6 0.13a

Total/HDL cholesterol 4.77 6 1.07 5.90 6 1.05a 7.57 6 1.05a,b

Glucose (mmol/L) 5.09 6 0.41 4.82 6 0.59 5.32 6 0.75b

Insulin (pmol/L) 74.2 6 27.4 100.8 6 64.3 125.6 6 57.7a

Postheparin plasma lipase activities (nmol/mLzmin)c

Lipoprotein lipase 55.8 6 24.3 50.1 6 37.3 34.3 6 20.4
Hepatic lipase 166.0 6 67.8 212.6 6 74.9 219.8 6 81.0
HL/LPL 4.0 6 3.6 8.0 6 7.8 10.0 6 9.6a

Values are the mean 6 SD.
a Significantly different from controls.
b Significantly different from men with isolated low HDL cholesterol levels.
c Number of subjects for PHLA: controls, n 5 19; isolated low HDL cholesterol, n 5 15; high TG/low HDL dyslipidemia, n 5 10.

FIG. 2. Postprandial TRL TG concentrations in normolipidemic controls (n 5 26; M) as well as in men with isolated low HDL cholesterol levels
(n 5 17; E) or the high TG/low HDL dyslipidemia (n 5 16; F). Data are presented as the mean 6 SEM. 1, Significantly different from controls;
2, significantly different from men with isolated low HDL cholesterol levels.
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Although men with high TG/low HDL dyslipidemia
showed a higher postprandial insulin response compared
with the other subgroups of individuals, the difference only
reached statistical significance when compared with normo-
lipidemic controls (Fig. 4). However, compared with men
with high TG/low HDL dyslipidemia, lower postprandial
FFA responses were noted in both normolipidemic controls
and men with isolated low HDL cholesterol levels (Fig. 4).

Finally, Fig. 5 illustrates postprandial HDL cholesterol and
HDL TG levels in all subgroups of men. Men with low fasting
HDL cholesterol concentrations, either as an isolated phe-
nomenon or in the presence of elevated fasting TG levels,
displayed significantly decreased HDL cholesterol concen-
trations throughout the entire postprandial period compared
with normolipidemic controls. In addition, a tendency was
observed for normolipidemic controls to have greater
changes in postprandial HDL cholesterol levels compared

with men with low HDL cholesterol (isolated or with hy-
pertriglyceridemia), but the difference did not reach statis-
tical significance. On the other hand, men with high TG/low
HDL dyslipidemia were characterized by a greater postpran-
dial HDL TG response compared with the other subgroups
of men, but the difference only reached statistical significance
when compared with men with isolated low fasting HDL
cholesterol concentrations (Fig. 5).

Discussion

In the present study we found a significant association
between the magnitude of the postprandial TG response and
fasting plasma HDL cholesterol concentrations. Similar re-
sults had been published showing that elevated HDL cho-
lesterol levels were associated with reduced postprandial TG
levels (27, 47–49). However, in the study by Patsch et al. (27),

FIG. 4. Postprandial plasma glucose (A), insulin (B), and FFA (C) concentrations in normolipidemic controls (n 5 26; M) as well as in men with
isolated low HDL cholesterol levels (n 5 17; E) or high TG/low HDL dyslipidemia (n 5 16; F). Bars represent the area under the 8-h incremental
curve. Data are presented as the mean 6 SEM. 1, Significantly different from controls; 2, significantly different from men with isolated low HDL
cholesterol levels.

FIG. 3. Postprandial TRL. Apo B-48 (A)
and B-100 (B) concentrations in normo-
lipidemic controls (n 5 26; M) as well as
in men with isolated low HDL choles-
terol levels (n 5 17; E) or high TG/low
HDL dyslipidemia (n 5 16; F). Data are
presented as the mean 6 SEM. 1, Sig-
nificantly different from controls; 2, sig-
nificantly different from men with iso-
lated low HDL cholesterol levels.
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subjects had normal fasting TG levels (;0.9 mmol/L),
whereas individuals included in our study showed a wide
range of fasting TG concentrations (0.5–4.4 mmol/L). As the
importance of fasting triglyceridemia in postprandial hyper-
lipidemia is well documented (24–26), the aim of the present
study was to examine the relationship between low fasting
HDL cholesterol levels, with or without concomitant hyper-
triglyceridemia, to postprandial lipemia.

The high TG and low HDL cholesterol phenotype has been
frequently reported in abdominal obese individuals (50, 51),
especially among those with increased visceral AT accumu-
lation (52, 53). Our results are in accordance with these pre-
vious observations, as men with high TG/low HDL dyslip-
idemia showed increased overall adiposity and a preferential
accumulation of fat in the abdominal region compared with
both normolipidemic controls and men with isolated low
HDL cholesterol levels. Furthermore, men with high TG/low
HDL dyslipidemia were characterized by higher visceral AT
accumulation compared with the other subgroups of men.

In addition to increased fasting plasma TG and low HDL
cholesterol levels, men with high TG/low HDL dyslipidemia
were also characterized by numerous metabolic alterations
compared with normolipidemic controls and men with iso-
lated low HDL cholesterol concentrations. Indeed, men with
high TG/low HDL dyslipidemia displayed other features of
the insulin resistance syndrome (54–56), i.e. elevated fasting
plasma apo B levels and hyperinsulinemia compared with
the other subjects. In contrast, a low HDL cholesterol con-
centration observed in the absence of high TG levels was not
associated with the expected features of the insulin resistance
dyslipidemic syndrome.

After ingestion of the fat-rich meal, important differences
were noted in the postprandial TRL-TG responses among
men with low HDL cholesterol levels depending upon the
presence or absence of fasting hypertriglyceridemia. Thus,
men with high TG/low HDL dyslipidemia were character-
ized by an exaggerated postprandial TG response in large,
medium, and small TRL compared with both normolipi-
demic controls and men with isolated low HDL cholesterol
levels. Our results reinforce the idea that fasting hypertri-

glyceridemia is an important determinant of postprandial
hyperlipidemia (49) especially when accompanied by ab-
dominal obesity and hyperinsulinemia (13). In addition to
increased postprandial triglyceridemia, men with high TG/
low HDL dyslipidemia appeared to have slower removal of
TRL from the circulation compared with both normolipi-
demic controls and men with isolated low HDL cholesterol
levels. Indeed, men with high TG/low HDL dyslipidemia
showed higher levels of apo B-48 and apo B-100 throughout
the postprandial period, suggesting the presence of an in-
creased number of both chylomicron remnants and very low
density lipoprotein (VLDL) particles. Our results raise the
possibility of impaired TRL particle removal (both VLDL and
remnant particles) in men with high TG/low HDL dyslipi-
demia. This, however, needs to be further examined.

HDL particle formation is closely associated with TRL
catabolism, especially that of chylomicrons (25). Accord-
ingly, Patsch et al. (27) had proposed that low HDL choles-
terol levels could result from impaired TRL lipolysis, a con-
dition that would favor an exaggerated postprandial lipemia,
in subjects with hypoalphalipoproteinemia. In the present
study no difference was found in the postprandial TRL-TG
response of normolipidemic controls and men with low HDL
cholesterol in the absence of elevated plasma TG concentra-
tions in the fasting state. We also measured postheparin
plasma HL and LPL activities and found no difference in
lipase activities between normolipidemic controls and men
with isolated low HDL cholesterol levels. Although men
with high TG/low HDL dyslipidemia had lower LPL activity
compared with the two other subgroups of men, this differ-
ence did not reach statistical significance. In light of this
observation, it seems that a difference in lipolytic activity was
not a major factor in the postprandial hyperlipidemia ob-
served in the present study (shared variance between the two
variables, ;10%). However, we found that the HL/LPL ratio
was significantly higher in men with high TG/low HDL
cholesterol dyslipidemia compared with normolipidemic
controls. We previously used the HL/LPL ratio as an index
of the balance of lipolytic activities of HL and LPL (57, 58).
As increased HL and decreased LPL activities have both been

FIG. 5. Postprandial plasma HDL cho-
lesterol (A) and HDL TG (B) concentra-
tions in normolipidemic controls (n 5
26; M) as well as in men with isolated
low HDL cholesterol levels (n 5 17; E)
or high TG/low HDL dyslipidemia (n 5
16; F). Bars represent the area under
the 8-h incremental curve. Data are
presented as the mean 6 SEM. 1, Sig-
nificantly different from controls; 2, sig-
nificantly different from men with iso-
lated low HDL cholesterol levels.
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associated with disturbed lipoprotein-lipid concentrations,
the increased HL/LPL ratio in men with the high TG/low
HDL dyslipidemia suggests that the combination of both
lipases favors the deterioration of the lipoprotein-lipid
profile.

Whereas LPL activity per se does not seem to play a major
role in the postprandial hyperlipidemia of men with high
TG/low HDL dyslipidemia, it is likely that the exaggerated
postprandial lipemia noted in these individuals may result
from the competition of intestinally and hepatically derived
TRL for LPL (59), leading to saturation of the lipolytic path-
way. To support this hypothesis, men with high TG/low
HDL dyslipidemia were characterized by higher fasting and
postprandial apo B-48 (chylomicron remnants) and B-100
(VLDL) concentrations compared with normolipidemic con-
trols and men with isolated low HDL cholesterol levels.
Another study demonstrated that subjects with isolated hy-
poalphalipoproteinemia were characterized by lower post-
prandial TG levels compared with normolipidemic subjects
(29). Our results do not support this observation.

The lively lipolytic activity of visceral adipocytes, which is
poorly inhibited by insulin (60), has been proposed as a major
factor in the hypertriglyceridemic state commonly found in
visceral obese individuals (61, 62). In response to an in-
creased FFA availability, resulting from the lipolysis of ad-
ipose cells, an increased esterification of FFA and a reduced
hepatic degradation of apolipoprotein B could lead to an
increased synthesis and secretion of VLDL particles. We have
reported that visceral obese subjects have impaired post-
prandial FFA metabolism (13). In the present study men with
high TG/low HDL dyslipidemia who had greater visceral
AT accumulation compared with the other subjects were also
characterized by an increased postprandial FFA response
compared with normolipidemic controls and men with iso-
lated low HDL cholesterol levels. Furthermore, there was no
difference in the postprandial FFA response between the two
normotriglyceridemic groups regardless of HDL cholesterol
levels. Thus, these altered postprandial FFA levels in men
with high TG/low HDL dyslipidemia may have contributed
to the elevation of fasting TG through the stimulation of
hepatic VLDL TG secretion long after meal ingestion. This
phenomenon can be associated in our study with the increase
in small TRL TG concentrations and higher levels of apo
B-100 in the late stages of the postprandial period in subjects
with high TG/low HDL dyslipidemia.

Men with high TG/low HDL dyslipidemia also had an
increased postprandial HDL TG response, suggesting that
the hypertriglyceridemic state during the postprandial pe-
riod in these subjects may have contributed to the TG en-
richment of HDL particles through the activity of cholesterol
ester transfer protein (63). Furthermore, it has been demon-
strated that TG-enriched HDL particles are more susceptible
to hydrolysis by HL (64, 65), generating smaller HDL par-
ticles that are cleared more rapidly from the circulation than
larger HDL particles (66). In men with isolated low HDL
cholesterol levels, an increase in postprandial HDL TG con-
centrations was noted, but it was not different from the TG
enrichment observed in normolipidemic controls. Thus, it
appears that an exaggerated TG response, leading to a
greater TG enrichment of HDL, could contribute to further

reduce HDL cholesterol concentrations in men with high
TG/low HDL dyslipidemia. It is therefore suggested that the
etiology of low HDL cholesterol levels may differ according
to an individual’s fasting TG levels.

In summary, the results of the present study indicate that
fasting hypertriglyceridemia is required to see the exagger-
ated postprandial TG response in men with low fasting
plasma HDL cholesterol concentrations. Furthermore, dif-
ferences in postprandial HDL metabolism are noted in men
with low HDL cholesterol levels with either low or high
fasting TG concentrations. Indeed, men with high TG/low
HDL dyslipidemia were characterized by greater TG enrich-
ment of HDL during the postprandial period compared with
normolipidemic controls and men with isolated low HDL
cholesterol levels. Further studies should address the phys-
iological relevance of, and processes responsible for, the re-
duction of HDL cholesterol concentrations as well as inves-
tigate the potential alterations of HDL particle density (or
diameter) in subjects with low HDL cholesterol levels with
either low or high fasting TG concentrations. From a clinical
standpoint, these results emphasize the metabolic heteroge-
neity underlying low HDL cholesterol levels. Indeed, hy-
poalphalipoproteinemia, when observed as an isolated con-
dition, is not predictive of an exaggerated postprandial TG
response to a high fat meal.

Acknowledgments

We thank the staff of the Physical Activity Sciences Laboratory for
data collection, and the personnel of the Lipid Research Center for their
excellent and dedicated contributions to the study.

References

1. Durrington PN. 1993 How HDL protects against atheroma. Lancet. 342:
1315–1316.

2. Miller NE, Thelle DS, Forde OH, Mjos OD. 1977 The Tromso heart-study.
High-density lipoprotein and coronary heart disease: a prospective case-
control study. Lancet. 1:965–968.

3. Lamarche B, Després JP, Pouliot MC, et al. 1993 Metabolic heterogeneity
associated with high plasma triglyceride or low HDL cholesterol levels in men.
Arterioscler Thromb. 13:33–40.

4. Reichl D, Miller NE. 1989 Pathophysiology of reverse cholesterol transport.
Insights from inherited disorders of lipoprotein metabolism. Arteriosclerosis.
9:785–797.

5. Lemieux S, Després JP. 1994 Metabolic complications of visceral obesity:
contribution to the etiology of type II diabetes and implications for prevention
and treatment. Diabetes Metab. 20:375–393.

6. Després JP, Lamarche B. 1993 Effects of diet and physical activity on adiposity
and body fat distribution: implications for the prevention of cardiovascular
disease. Nutr Res Rev. 6:137–159.

7. Zilversmit DB. 1979 Atherogenesis: a postprandial phenomenon. Circulation.
60:473–485.

8. Cohn JS, McNamara JR, Cohn SD, Ordovas JM, Schaefer EJ. 1988 Postpran-
dial plasma lipoprotein changes in human subjects of different ages. J Lipid
Res. 29:469–479.

9. Krasinski SD, Cohn JS, Schaefer EJ, Russell RM. 1990 Postprandial plasma
retinyl ester response is greater in older subjects compared with younger
subjects. Evidence for a delayed plasma clearance of intestinal lipoproteins.
J Clin Invest. 85:883–892.

10. Couillard C, Bergeron N, Prud’homme D, et al. 1999 Gender difference in
postprandial lipemia - importance of visceral adipose tissue accumulation.
Arterioscler Thromb Vasc Biol. 19:2448–2455.

11. Georgopoulos A, Rosengard AM. 1989 Abnormalities in the metabolism of
postprandial and fasting triglyceride-rich lipoprotein subfractions in normal
and insulin-dependent diabetic subjects: effects of sex. Metabolism.
38:781–789.

12. Lewis GF, O’Meara NM, Soltys PA, et al. 1990 Postprandial lipoprotein
metabolism in normal and obese subjects: comparison after the vitamin A
fat-loading test. J Clin Endocrinol Metab. 71:1041–1050.

13. Couillard C, Bergeron N, Prud’homme D, et al. 1998 Postprandial triglyceride
response in visceral obesity in men. Diabetes. 47:953–960.

HYPOALPHALIPOPROTEINEMIA AND POSTPRANDIAL LIPEMIA 4581

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/85/12/4575/2853373 by guest on 21 August 2022



14. Mekki N, Christofilis MA, Charbonnier M, et al. 1999 Influence of obesity and
body fat distribution on postprandial lipemia and triglyceride-rich lipopro-
teins in adult women. J Clin Endocrinol Metab. 84:184–191.

15. Ryu JE, Craven TE, MacArthur RD, et al. 1994 Relationship of intraabdominal
fat as measured by magnetic resonance imaging to postprandial lipemia in
middle-aged subjects. Am J Clin Nutr. 60:586–591.

16. Wideman L, Kaminsky LA, Whaley MH. 1996 Postprandial lipemia in obese
men with abdominal fat patterning. J Sports Med Phys Fitness. 36:204–210.

17. Bergeron N, Havel RJ. 1997 Assessment of postprandial lipemia: nutritional
influences. Curr Opin Lipidol. 8:43–52.

18. Weintraub MS, Rosen Y, Otto R, Eisenberg S, Breslow JL. 1989 Physical
exercise conditioning in the absence of weight loss reduces fasting and post-
prandial triglyceride-rich lipoprotein levels. Circulation. 79:1007–1014.

19. Ziogas GG, Thomas TR, Harris WS. 1997 Exercise training, postprandial
hypertriglyceridemia and LDL subfraction distribution. Med Sci Sports Exerc.
29:986–991.

20. Aldred HE, Perry IC, Hardman AE. 1994 The effect of a single bout of brisk
walking on postprandial lipemia in normolipidemic young adults. Metabo-
lism. 43:836–841.

21. Aldred HE, Hardman AE, Taylor S. 1995 Influence of 12 weeks of training by
brisk walking on postprandial lipemia and insulinemia in sedentary middle-
aged women. Metabolism. 44:390–397.

22. Lewis GF, O’Meara NM, Soltys PA, et al. 1991 Fasting hypertriglyceridemia
in non-insulin-dependent diabetes mellitus is a important predictor of post-
prandial lipid and lipoprotein abnormalities. J Clin Endocrinol Metab.
72:934–944.

23. Ida-Chen YD, Swami S, Skowronski R, Coulston AM, Reaven GM. 1993
Differences in postprandial lipemia between patients with normal glucose
tolerance and non-insulin dependent diabetes mellitus. J Clin Endocrinol
Metab. 76:172–177.

24. Bittner V. 1994 Atherogenicity of postprandial lipoproteins and coronary heart
disease. Endocrinologist. 4:359–372.

25. Ida-Chen YD, Reaven GM. 1991 Intestinally-derived lipoproteins: metabolism
and clinical significance. Diabetes Metab Rev. 7:191–208.

26. Steiner G. 1993 Triglyceride-rich lipoproteins and atherosclerosis, from fast to
feast. Ann Med. 25:431–435.

27. Patsch JR, Karlin JB, Scott LW, Smith LC, Gotto AM. 1983 Inverse relationship
between blood levels of high density lipoprotein subfraction 2 and magnitude
of postprandial lipemia. Proc Natl Acad Sci USA. 80:1449–1453.

28. Cohen JC, Grundy SM. 1992 Normal postprandial lipemia in men with low
plasma HDL concentrations. Arterioscler Thromb. 12:972–975.

29. Miller M, Kwiterovich PO, Bachorik PS, Georgopoulos A. 1993 Decreased
postprandial response to a fat meal in normotriglyceridemic men with hy-
poalphalipoproteinemia. Arteriosclerosis. 13:385–392.

30. 1988 Standardization of anthropometric measurements. In: Lohman T, Roche
A, Martorel R, eds. The Airlie (VA) Consensus Conference. Champaign: Hu-
man Kinetics; 20–37.

31. Behnke AR, Wilmore JH. 1974 Evaluation and regulation of body build and
composition. Prentice-Hall: Englewood Cliffs; 20–37.

32. Siri W. 1956 The gross composition of the body. Adv Biol Med Phys. 4:239–280.
33. Després JP, Prud’homme D, Pouliot MC, Tremblay A, Bouchard C. 1991

Estimation of deep abdominal adipose-tissue accumulation from simple an-
thropometric measurements in men. Am J Clin Nutr. 54:471–477.

34. Ferland M, Després JP, Tremblay A, et al. 1989 Assessment of adipose tissue
distribution by computed axial tomography in obese women: association with
body density and anthropometric measurements. Br J Nutr. 61:139–148.
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