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Abstract Postprandial plasma triglyceride (ppTG) and
NEFA clearance were stratified by plasma acylation-stimulat-
ing protein (ASP) and gender to determine the contribution
of fasting ASP in a normal population (70 men; 71 women).
In the highest ASP tertile only, ASP decreased over 8 h (90 

 

�

 

9.7 nM to 70 

 

�

 

 5.9 nM, 

 

P

 

 

 

�

 

 0.05 males; 61.9 

 

�

 

 4.0 nM to
45.6 

 

�

 

 6.2 nM, 

 

P

 

 

 

�

 

 0.01 females). Fasting ASP correlated
positively with ppTG response. ppTG (

 

P

 

 

 

�

 

 0.0001, 2-way
ANOVA, both genders) and NEFA levels progressively in-
creased from lowest to highest ASP tertile, with the greatest
differences in males. By stepwise multiple regression, the
best prediction of ppTG was: (fasting ASP 

 

�

 

 apolipopro-
tein B 

 

�

 

 insulin 

 

�

 

 TG; 

 

r

 

 

 

�

 

 0.806) for men and (fasting ASP 

 

�

 

total cholesterol; 

 

r

 

 

 

�

 

 0.574) for women. Leptin, body
mass index, and other fasting variables did not improve the
prediction. Thus, in men and women, ASP significantly pre-
dicted ppTG and NEFA clearance and, based on lower ASP,
women may be more ASP sensitive than men.  Plasma ASP
may be useful as a fasting variable that will provide addi-
tional information regarding ppTG and NEFA clearance.
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Zilversmit (1) was the first to propose that postprandial
lipemia could be atherogenic. Many investigators have
since confirmed the association of delayed triglyceride
(TG) clearance with atherosclerosis (2, 3). Delayed TG
clearance has also been demonstrated to be a characteris-
tic of patients with visceral obesity (4) and a risk factor for
the development of diabetes (5–7). However, much re-
mains to be learned about the physiological determinants

 

of the multiple processes necessary for the rapid and ef-
fective removal of TG from plasma.

In adipose tissue, two critical steps must be linked for
efficient clearance of chylomicrons. The first is extracellu-
lar: the liberation of NEFA from chylomicron TGs by lipo-
protein lipase (LPL) (8, 9). The second is intracellular:
the uptake of these NEFAs by adipocytes and their resyn-
thesis into TGs (10). The critical interdependence of the
two needs to be appreciated. Unless the NEFAs, which are
released rapidly and in large quantities by LPL, are taken
up and esterified just as rapidly by adipocytes, LPL will be
inhibited, and the rate of lipolysis and thus TG clearance
will be reduced (11–13). Not only will TG clearance from
plasma be delayed but also net uptake by adipose tissue
will be reduced. This will result in greater release of
NEFAs and partially hydrolyzed chylomicron particles to
the systemic circulation, with the result that fatty acid flux
to the liver will increase.

The rate at which NEFAs are taken up by adipocytes is
determined by the rate at which they can be resynthesized
into TGs. In vitro studies have shown that both insulin
and acylation-stimulating protein (ASP) markedly stimu-
late glucose uptake (14–16) and TG synthesis (17) in adi-
pocytes. Importantly, their effects are independent and
additive (14–16).

Both insulin and ASP also reduce the rate of fatty acid
release from adipose tissue (18). Insulin acts principally
via reduction of hormone-sensitive lipase activity and in-
creases fatty acid esterification, but to a lesser extent (18).
By contrast, ASP acts principally by increasing reesterifica-
tion and reduces lipolysis, but to a lesser extent (18). The

 

Abbreviations: ASP, acylation-stimulating protein; BMI, body mass
index; HOMA, homeostatic model of insulin resistance; iAUC, incre-
mental area under the curve; RM-ANOVA, repeated measures analyses
of variance; TG, triglyceride.
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effects of both hormones are additive and effectively re-
duce catecholamine-stimulated fatty acid release from adi-
pocytes by up to 95% (18).

ASP (C3adesArg) is generated through the proximal step
of the alternate complement pathway by the initiating ac-
tion of the specific serine protease enzyme adipsin (com-
plement factor D) on a complex formed by the interac-
tion of factor B with the precursor C3 to produce C3a.
ASP is then produced through the rapid cleavage by car-
boxypeptidase B of the carboxyl terminal arginine (17, 19).

Previous studies on postprandial ASP have demon-
strated little significant change in circulating ASP (20–
24). On the other hand, arterio-venous studies in human
subcutaneous adipose tissue have demonstrated increased
release of ASP from human subcutaneous adipose tissue,
and the degree to which this occurs correlates with the ex-
tent of fatty acid trapping by adipose tissue (19, 25, 26).

Further evidence of a physiologic role for ASP was ob-
tained from studies in rodents, where intraperitoneal in-
jection of ASP enhanced TG clearance in wild-type C57BL/6J
mice as well as 

 

ob/ob

 

 and 

 

db/db

 

 mice (27, 28). The delayed
TG clearance characteristic of both C3

 

�

 

/

 

�

 

 ASP-deficient
mice and double knockout 

 

ob/ob

 

 C3

 

�

 

/

 

�

 

 ASP-deficient
mice was also normalized with ASP administration (29–
31). Altogether, these studies support a range of ASP con-
trol of dietary fat partitioning.

Insulin and ASP may share another important charac-
teristic: metabolic resistance to their effects. Insulin resis-
tance has been widely studied and is widely accepted as an
important risk factor for vascular disease (7). Insulin resis-
tance is closely linked to visceral obesity and is more com-
mon in males than in females (32). In vitro studies suggest
that ASP resistance may exist as well. In subjects with hy-
perapolipoprotein B (hyperapoB) and high plasma ASP,
there is a decreased TG response to ASP, as assessed in hu-
man skin fibroblasts (33, 34), findings that point to ASP
resistance. The objectives of the present study, therefore,
were to compare plasma TG and NEFA clearance in nor-
mals stratified by plasma ASP and gender.

METHODS

 

Subjects

 

A healthy, normal population group was recruited consisting
of 70 men and 71 women. Of the 71 women, 65 were known to
be premenopausal. Information was not available on 6 women;
exclusion of these subjects did not change the results presented.
All subjects fasted and drank only water for 12 h before the study.
None of the subjects were known to be on any medication that
could affect lipoprotein metabolism. All studies were approved
by the Royal Victoria Hospital, McGill University Health Centre
Ethics Committee, and subjects gave their informed consent.

 

Experimental design

 

Subjects were given a mixed meal equivalent to 

 

�

 

50% of their
daily caloric requirement. The high-fat/high-energy meal was se-
lected to provide an equal acute challenge above the normal fat
and energy intake per meal, in which average North American
daily fat intake is 35–40% (35). The meal contained 700 kcal/m

 

2

 

of body surface area, and contained 63% fat (25% saturated,

26% monounsaturated, 10 polyunsaturated plus 6% other
sources), 11% protein, and 26% carbohydrate (by weight). The
meal was composed of eggs, cheese, toast, butter, peanut butter,
peaches, whipped cream, and milk and was well tolerated by all
subjects. Blood samples were taken at 0, 2, 4, 6 and 8 h after eat-
ing the meal. The samples were immediately centrifuged, and
plasma was stored at 

 

�

 

80

 

�

 

C until analysis.

 

Analyses

 

Human ASP was assayed as previously described (25, 36).
Plasma total cholesterol (TChol) and TGs were measured by
commercial enzymatically colorimetric methods (Roche Diag-
nostics, Laval, Quebec, Canada). Plasma HDL was measured fol-
lowing precipitation of apolipoprotein B (apoB)-containing lipo-
proteins (37), and LDL cholesterol was calculated based on the
Friedewald formula (38). Plasma NEFA was measured by an enzy-
matic method (Wako Pure Chemicals, Osaka, Japan). Total apoB
was measured by commercial nephelometric assay, using a com-
mercial standard and controls. Plasma insulin was measured by a
radioimmunoassay kit (Medicorp, Montreal, Quebec, Canada).
Glucose was measured using a commercial colorimetric enzy-
matic kit (Sigma, St. Louis, MO). Leptin was analyzed using a ra-
dioimmunoassay kit (Linco Research, Inc., St. Charles, MO).

 

Statistical analyses

 

All results are expressed as means 

 

�

 

 SEM. Fasting baseline
lipid measurements were analyzed by 

 

t

 

-test or Mann-Whitney
rank sum test for abnormal distributions (as indicated in Re-
sults). Postprandial data were analyzed by repeated measures
analyses of variance (RM-ANOVA), with all pairwise multiple
comparisons (including interactions) using Bonferroni 

 

t

 

-tests, or
RM-ANOVA on ranks for abnormal distributions. Statistical anal-
yses were performed using computer-assisted analysis (GraphPad
Prism, San Diego, CA) and SigmaStat (Jandel, San Rafael, CA).
Correlations between values of selected parameters were con-
ducted by Pearson product moment correlation. Forward step-
wise analysis was used for multiple regression. Significance was
set at 

 

P

 

 

 

�

 

 0.05, where 

 

P

 

 

 

�

 

 ns indicates not significant.

 

RESULTS

Seventy healthy men and 71 healthy women with no
known disease, including diabetes or cardiovascular dis-
ease, were studied. The baseline data are given in 

 

Table 1

 

.
All average lipid levels are within published normal ranges
(39). Fasting plasma ASP and apoB were significantly
higher in males than in females, whereas plasma insulin
and leptin were significantly higher in females than in
males (all 

 

P

 

 

 

�

 

 0.0001). For the remaining parameters, no
significant differences were noted.

In 

 

Table 2

 

, males and females are shown divided into
tertiles based upon fasting levels of plasma ASP, with an
equal number of subjects in each group. Several points
are of interest. In males, based on separation from lowest
to highest tertile of ASP, there is a significant progressive
increase in body mass index (BMI), fasting plasma TGs,
NEFA, insulin, homeostatic model of insulin resistance
(HOMA) and leptin. In the female subjects, there are sim-
ilar increases from lowest to highest ASP tertile in BMI,
fasting TGs and NEFA (as with men), and also apoB and
glucose, but no significant changes in leptin, insulin, or
HOMA (although the trends are similar).
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Following an overnight fast, a fat load meal was con-
sumed, and blood samples were taken over an 8 h time pe-
riod. Postprandial levels of ASP for each tertile for both
males and females are shown in 

 

Fig. 1

 

. For both genders,
there are no significant changes over time for ASP in the
lowest and middle tertiles of ASP. In the highest tertile,
however, there is a significant decrease in plasma ASP over
the course of the fat load (8 h vs. 0 h: 90 

 

�

 

 9.7 nM to 70 

 

�

 

5.9 nM, 

 

P

 

 

 

�

 

 0.05 in males and 61.9 

 

�

 

 4.0 nM to 45.6 

 

�

 

 6.2
nM, 

 

P

 

 

 

�

 

 0.01 in females).
Postprandial TG levels for males and females in each ter-

tile of ASP are depicted in 

 

Fig. 2

 

. Again, the greatest differ-
ences were seen in males. In men, postprandial TG levels
were progressively higher and TG clearance progressively
delayed from the lowest to the highest tertile of plasma ASP
(

 

P

 

 

 

�

 

 0.0001, 2-way ANOVA). The maximal increase in TG
at 4 h was 180%, 235%, and 235% from lowest to highest
ASP tertile, respectively. At 8 h, plasma TG was still signifi-
cantly increased in the two highest tertiles (

 

P

 

 

 

�

 

 0.0001).

In women, plasma TGs were higher and clearance de-
layed only in the highest tertile, compared with the mid-
dle and lowest tertile (

 

P

 

 

 

�

 

 0.0001, 2-way ANOVA). In all
three subgroups, TG clearance, calculated as TG incre-
mental area under the curve(TG iAUC), was significantly
more rapid in women compared with men (Fig. 2, inset).

Fasting and postprandial levels of NEFA are shown in

 

Fig. 3

 

. Again the differences among the tertiles are much
greater in males than in females. In men, NEFA increased
significantly from 0.36 

 

�

 

 0.06 mM at 0 h to 0.64 

 

�

 

 0.08
mM at 8 h, 

 

P

 

 

 

�

 

 0.001 in the lowest tertile; from 0.55 

 

�

 

0.04 mM to 0.98 

 

�

 

 0.11 mM, 

 

P

 

 

 

�

 

 0.001 in the middle ter-
tile; and from 0.75 

 

�

 

 0.09 mM to 1.3 

 

�

 

 0.15 mM, 

 

P

 

 

 

�

 

0.001 in the highest tertile of plasma ASP. In all three sub-
groups in women, plasma NEFA also increased signifi-
cantly, although the differences were less than in the men.
As was the case with TGs, plasma NEFA levels were signifi-
cantly higher in the highest tertile of plasma ASP. Thus,
NEFA concentrations increased from 0.41 

 

�

 

 0.004 mM to
0.60 

 

�

 

 0.06 mM, 

 

P

 

 

 

�

 

 0.01 in the lowest tertile; from 0.47 

 

�

 

0.06 mM to 0.67 

 

�

 

 0.05 mM, 

 

P

 

 

 

�

 

 0.001 in the middle ter-
tile; and from 0.70 

 

�

 

 0.07 mM to 0.79 

 

�

 

 0.07 mM, 

 

P

 

 

 

�

 

0.05 in the highest tertile. In addition, in the women only,
there was a significant drop in NEFA at 2 h, usually indica-
tive of inhibition of adipose tissue hormone-sensitive li-
pase.

Pearson’s correlation coefficients were calculated to de-
termine whether there were significant associations be-
tween the hormones ASP, insulin, and leptin and BMI
with TG clearance. In both genders, as shown in 

 

Table 3

 

,
there were significant and strong associations between
both fasting and 8 h plasma ASP with fasting plasma TG,
TG iAUC, NEFA AUC, and apoB. In men, insulin, leptin,
and BMI also displayed strong significant correlations
with these variables. Further, ASP indices also correlated
with HOMA, BMI, and leptin. In females, insulin, leptin,
and BMI correlated significantly only with fasting but not
with postprandial plasma TGs or NEFA. To compare the
relative effects between men and women, the slopes of the
correlations of fasting ASP and TG with postprandial TG

 

TABLE 1. Fasting lipid profiles of all men and women

 

Males (n 

 

�

 

 70) Females (n 

 

�

 

 71)

 

P

 

ASP (nM) 49.4 

 

�

 

 4.9 35.7 

 

�

 

 2.8

 

�

 

0.001
Leptin (ng/ml) 6.1 

 

�

 

 0.63 22.4 

 

�

 

 3.19

 

�

 

0.001
Insulin (pM) 70.9 

 

�

 

 5.51 88.7 

 

�

 

 7.84

 

�

 

0.001
Glucose (mM) 5.0 

 

�

 

 0.07 4.6 

 

�

 

 0.11 ns
HOMA 1.9 

 

�

 

 0.19 1.8 

 

�

 

 0.26 ns
TG (mM) 1.5 

 

�

 

 0.13 1.0 

 

� 0.05 ns
NEFA (mM) 0.6 � 0.04 0.5 � 0.03 ns
TChol (mM) 4.9 � 0.11 4.5 � 0.09 ns
HDLC (mM) 1.0 � 0.04 1.4 � 0.05 ns
LDLC (mM) 3.1 � 0.10 2.6 � 0.09 ns
apoB (mg/dl) 93.9 � 2.84 81.5 � 2.51 �0.01
BMI (kg/m2) 26.2 � 0.53 26.1 � 0.79 ns
Age (years) 41.3 � 1.73 39.6 � 1.41 ns

apoB, apolipoprotein B; ASP, acylation-stimulating protein; BMI,
body mass index; HDLC, HDL-cholesterol; HOMA, homeostatic model
of insulin resistance; LDLC, LDL-cholesterol; ns, not significant; TChol,
total cholesterol; TG, triglyceride. Values are given as average � SEM.
Groups were compared by t-test or Mann Whitney rank sum test for ab-
normal distributions (ASP, leptin, insulin, HOMA, and TG).

TABLE 2. Fasting lipid profiles for men and women separated based on ASP tertile

Men Women

Group 1 Group 2 Group 3 ANOVA Group 1 Group 2 Group 3 ANOVA

Tertile ASP (nM) 19.9 � 0.89 36.7 � 1.0 90.0 � 9.7 13.8 � 0.76 29.1 � 1.2 61.9 � 4.0
(range) (13.2–28.3) (29.5–45.3) (50.5–253.2) (8.4–18.6) (19.1–38.8) (38.8–123.0)
(n) 23 23 24 23 23 25
Age (years) 46.0 � 4.0 39.1 � 2.3 40.0 � 2.5 ns 37.0 � 2.2 41.2 � 2.8 40.5 � 2.3 ns
BMI (kg/m2) 23.7 � 0.7 26.7 � 0.9 28.7 � 0.8 P � 0.001 23.6 � 0.8 26.3 � 1.0 28.2 � 0.2 P � 0.05
TG (mM) 1.1 � 0.1 1.4 � 0.2 2.1 � 0.3 P � 0.01 0.8 � 0.1 0.9 � 0.1 1.3 � 0.10 P � 0.001
NEFA (mM) 0.36 � 0.1 0.55 � 0.0 0.75 � 0.1 P � 0.001 0.41 � 0.0 0.47 � 0.1 0.70 � 0.1 P � 0.01
TChol (mM) 4.9 � 0.2 4.7 � 0.2 4.9 � 0.2 ns 4.2 � 0.1 4.5 � 0.2 4.7 � 0.2 ns
HDLC (mM) 1.2 � 0.1 1.0 � 0.1 1.0 � 0.1 P � 0.01 1.5 � 0.1 1.3 � 0.1 1.4 � 0.1 ns
LDLC (mM) 3.2 � 0.2 3.1 � 0.2 3.0 � 0.2 ns 2.3 � 0.1 2.8 � 0.2 2.8 � 0.2 ns
apoB (mg/dl) 87.0 � 3.4 95.8 � 5.3 98.1 � 5.4 ns 71.7 � 3.5 82.0 � 4.0 90.4 � 4.5 P � 0.01
Insulin (pM) 45.5 � 4.2 66.6 � 9.1 121.1 � 10.2 P � 0.001 75.8 � 10 95.3 � 11 125.8 � 17 ns
Glucose (mM) 4.8 � 0.2 5.0 � 0.1 5.1 � 0.1 ns 4.2 � 0.2 4.6 � 0.1 5.0 � 0.2 P � 0.01
HOMA 1.3 � 0.2 1.8 � 0.3 3.7 � 0.8 P � 0.01 1.3 � 0.3 1.9 � 0.3 3.5 � 1.3 ns
Leptin (ng/ml) 3.5 � 0.7 5.2 � 0.7 9.5 � 1.2 P � 0.001 18.6 � 4.1 19.6 � 5.2 29.5 � 7.0 ns

Values are given as average � SEM. ANOVA on ranks was used for parameters with abnormal distribution (leptin, insulin, HOMA, and TG).
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iAUC and NEFA AUC were calculated. Interestingly, al-
though fasting TG correlated closely with postprandial TG
iAUC in both men and women, the slopes of the curves
were significantly steeper in men (slope � 5.150 men vs.
1.543 women, P � 0.024), suggesting that factors other
than fasting TG could have a greater effect in men. Fast-
ing TG could account for only a portion (r � 0.656 in
men and r � 0.231 in women) of the variation in post-
prandial TG. As shown in Fig. 4, there is a strong correla-
tion between ASP and TG iAUC as well as NEFA AUC in
both men and women. However in this case, although the
slopes of the lines are the same for men and women, the
y-intercept is significantly greater in men versus women
for both TG iAUC and NEFA (P � 0.01, see Fig. 4). The
ASP values and TG iAUC overall are greater in men (note
the axes difference between men and women).

Finally, stepwise multiple regression analysis was used to
determine factors that most closely predicted postpran-
dial TG iAUC. ASP, leptin, insulin, and all factors listed in
Table 1 were included in the analysis. By forward stepwise

regression in men, the model that best predicted post-
prandial TG iAUC was (fasting ASP [P � 0.01] � apo B
[P � 0.001] � insulin [P � 0.04] � TG [P � 0.03], r �
0.806). No other additional variables improved the pre-
diction. In women, (fasting ASP [P � 0.006] � TChol
[P � 0.036], r � 0.574) produced the best model. In both
men and women, ASP had a very significant effect on pre-
dicting TG iAUC. In neither men nor women did leptin
or BMI contribute further.

DISCUSSION

The objective of this study was to examine the relation
of plasma ASP in normal men and women to the effective-
ness of postprandial fatty acid trapping. Our data demon-
strate that TG and NEFA clearance following an oral fat
load were inversely related to plasma ASP in both men
and women. At the same time, major differences between
the genders were documented. Postprandial TG and

Fig. 1. Plasma acylation-stimulating protein (ASP) lev-
els over time following a fat load for both male and fe-
male subjects. Males and females were separated into
three tertiles based on fasting plasma ASP. Data are shown
for each tertile as average � SEM for Group 1 (open
circles), Group 2 (filled circles), and Group 3 (squares).
* P � 0.05, ** P � 0.01 for ASP at 8 h versus 0 h.

Fig. 2. Plasma triglyceride (TG) levels over time following a fat load for both male and female subjects.
Data are shown for each tertile as average � SEM for Group 1 (open circles), Group 2 (filled circles), and
Group 3 (squares). For males, P � 0.001 for Group 3 versus Group 1 and P � 0.05 Group 2 versus Group 1.
Incremental TG area under the curve is shown for both males and females in the inset, where P � 0.0001 by
ANOVA for the effect of tertile in both men and women. Differences between males versus females: Group 1,
no difference; Group 2, P � 0.01; Group 3, P � 0.001.
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NEFA clearance was substantially more rapid in women
than in men. Fasting ASP was significantly higher in men
than in women, while fasting insulin and leptin were sig-
nificantly higher in women than in men. The present data
are consistent with previous results pointing to more ef-
fective TG clearance and fatty acid trapping in women
compared with men (40–42).

Much is already known of the determinants of plasma
TG clearance. Fasting plasma TG levels have repeatedly
been shown to account for a major portion of the variance
in postprandial TG levels (43), and this has been attrib-
uted to competition between VLDL and chylomicrons for
LPL (44). Once fasting TGs were taken into account,
other variables, such as BMI, visceral adipose tissue, apoE,
postheparin LPL activity, diabetic status, and insulin resis-
tance (according to the study) contributed little or no ad-
ditional information (40, 43, 45). Nevertheless, fasting TG
only accounts for a portion of the variation in postpran-
dial TG (40, 43, 45) and, therefore, other factors must
play a role.

Gender is clearly one such factor. In the present study,
not only was NEFA and TG clearance delayed in men ver-
sus women, but also the association between fasting TG

and postprandial TG iAUC was significantly steeper in
men than in women. Although BMI did not differ be-
tween males and females, even when stratified into three
groups, given the known differences in body composition
(46), adipose tissue mass would be expected to be greater
in the women. This likely explains their higher plasma
leptin. Leptin correlated with postprandial TG iAUC
(men and women) as well as postprandial NEFA (men
only), and leptin has been shown previously to increase
postprandially (47, 48). However, the available evidence is
mixed and the mechanisms disputed as to whether leptin
itself directly influences postprandial fatty acid metabo-
lism (49). In any event, there was no evidence in this study
that leptin was a significant independent determinant of
the results.

In men, insulin correlated strongly with fasting TG, TG
iAUC, as well as NEFA AUC. Indeed, it has been previ-
ously shown that when men are stratified based on fasting
TG, there is a correlation with postprandial TG AUC and
insulin similar to that we have shown here for ASP (50).
By contrast, in females, although fasting insulin correlated
with fasting TG, there was no correlation of insulin with
postprandial TG iAUC or postprandial NEFA AUC. This

Fig. 3. Plasma NEFA over time following a fat load for
both male and female subjects. Data are shown for each
tertile as average � SEM for Group 1 (open circles), Group
2 (filled circles), and Group 3 (squares). For males: Group
1 versus Group 3, P � 0.001. For changes over time, * P �
0.05, ** P � 0.01, and *** P � 0.001 by ANOVA. �, P �
0.05 for 2 h versus 0 h for all three groups of females.

TABLE 3. Pearson correlation coefficients for men and women

TG
TG 

(iAUC)a
FFA 

(AUC) apoB HOMA BMI Leptin

Men
ASP 0.317c 0.409d 0.371c ns ns 0.345c 0.308b

ASP 8 h 0.335c 0.524d 0.323c 0.235b 0.300b 0.560d 0.421c

ASP (8–0 h) ns ns ns ns ns ns ns
Insulin 0.594d 0.673d 0.325c 0.460d — 0.527d 0.729d

Leptin 0.380c 0.473d 0.326c 0.343b 0.772d 0.772d —
BMI 0.451c 0.634d 0.351c 0.477d 0.559d — 0.772d

Women
ASP (0 h) 0.513d 0.389d 0.427d 0.419d ns ns ns
ASP (8 h) 0.415c 0.330c 0.607d ns ns ns ns
ASP (8–0 h) �0.322c �0.292b 0.607d �0.297b ns �0.279b ns
Insulin 0.341c ns ns ns — 0.589d ns
Leptin 0.370c ns ns 0.372b ns 0.845d —
BMI 0.573d ns ns 0.387c 0.631d — 0.845d

iAUC, incremental area under the curve; ASP (8–0 h), drop in ASP from fasting to 8 h. Unless indicated, all
variables are fasting.

a iAUC increase over fasting levels.
b P � 0.05.
c P � 0.01.
d P � 0.001.
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was despite the fact that insulin was significantly higher in
women than in men, suggesting that fatty acid trapping
and TG clearance, while greater in female adipose tissue
(51), may be less influenced by insulin than in men (52).

In both men and women, there was a close relation be-
tween fasting plasma ASP and plasma TG clearance as well
as NEFA, i.e., the higher the fasting plasma ASP, the less
effective the postprandial TG and fatty acid clearance. In
fact, by stepwise multiple regression analysis, a large pro-
portion of the variance in postprandial TG could be ex-
plained by either (ASP � Tchol) for women, or (ASP �
apoB � insulin � TG) for men. Addition of either leptin
or BMI to the model did not further improve it, although
both correlated with fasting TG. The association between
ASP and postprandial TG iAUC was similar between men
and women, such that for any given ASP, postprandial TG
clearance was similar (i.e., there was no difference in the
slopes of the regression lines), although both ASP and
postprandial TG clearance overall were significantly
greater in men.

Although there are a number of studies that have dem-
onstrated an association of fasting ASP with lipoproteins,
including TG and NEFA [as reviewed in ref. (19)], to
date, only five studies with limited numbers of subjects
have examined postprandial ASP. In those studies, post-
prandial ASP either remained constant (20, 23, 24) or de-
creased over the fat load (21, 22). In previous studies, the
drop in ASP generally occurred in those subjects who had
the highest fasting plasma ASP (such as obese and dia-
betic subjects) (20, 21), but only one report showed fast-
ing ASP correlating with postprandial TG and NEFA (20).
In the present study, we have examined this in detail. Only
those subjects with increased ASP demonstrated signifi-
cant drops in postprandial ASP, such that fasting ASP cor-
related positively with the 8 h drop in ASP. In cultured ad-
ipocytes, postprandial chylomicrons were a potent stimulus
to ASP production (53, 54), and in the microenvironment
of the adipose tissue, ASP production increased postpran-

dially, although this did not result in a general increase in
circulating levels (19, 25, 26). Thus, the increase in fasting
ASP may be a consequence of chronic increases in post-
prandial TG, which stimulates ASP production, translat-
ing into later increases in ASP in the general circulation.
Why ASP then decreases later on in the postprandial
phase in these subjects particularly is unknown, although
Weyer and Pratley (21) suggested that the decrease in
plasma ASP may reflect a postprandial shift from the in-
travascular to the interstitial compartment, where it exerts
its biologic effects.

Delayed postprandial TG and NEFA clearance point to
reduced effectiveness of fatty acid trapping by adipose in
men versus women. In both genders, plasma ASP was in-
versely related to these rates. Moreover, plasma ASP was
lower in women than in men, notwithstanding their
greater adipose tissue mass (for the same BMI). All these
associations are consistent with a decreased responsive-
ness of adipose tissue to ASP in normal males compared
with normal females. This suggests the hypothesis that a
higher plasma ASP represents an adipose tissue ASP-resis-
tant state, whereas a lower plasma ASP represents an adi-
pose tissue ASP-sensitive state. This hypothesis is supported
by in vitro data. Both subcutaneous and visceral adipose
tissue plasma membrane preparations from men had a re-
duced capacity to specifically bind ASP than did compara-
ble adipose tissue preparations from women (55).

We have previously demonstrated that cells from sub-
jects with both increased plasma ASP and hyperapoB
demonstrate reduced specific binding and response to
ASP, whereas cells from hyperapoB subjects with normal
plasma ASP manifest normal binding and a normal stimu-
latory response to ASP (33, 34). On the other hand, the
cellular response to insulin stimulation of TG synthesis
was comparable in both groups. The association of in-
creased ASP and/or its precursor, C3, with risk of myocar-
dial infarction, coronary artery disease, insulin resistance,
and diabetes has been examined in a number of recent

Fig. 4. Correlation between fasting ASP and postpran-
dial TG incremental AUC and NEFA AUC in males and
females. Individual data as well as regression lines are
shown for males and females. The slopes of the regres-
sion curves are not significantly different for males ver-
sus females.
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studies [as reviewed in ref. (19)]. Although only two stud-
ies have examined ASP in coronary heart disease and hy-
perlipidemia, these studies demonstrate correlations of
ASP with TG and NEFA (as mentioned above) as well as
with apoB (23). Thus, increased plasma ASP appears to be
a marker for cellular ASP resistance, just as increased insu-
lin points to insulin resistance. With the recent identifica-
tion of an ASP receptor in adipose tissue (56), the specific
molecular defects in ASP-resistant hyperapoB can now be
pursued.

In summary, our data demonstrate gender differences
in postprandial fatty acid trapping that are related to
plasma ASP. The effectiveness of fatty acid trapping is a
major determinant of fatty acid flux to the liver and there-
fore of the rate at which apoB lipoproteins are secreted by
the liver (57). Relative resistance of adipose tissue to ASP
and therefore reduced effectiveness of fatty acid trapping
could explain why plasma cholesterol, TG, and apoB lev-
els are higher in men compared with women. Measure-
ment of plasma ASP provides information supplementary
to that provided by fasting TG alone and may be helpful
in identifying individuals likely to have postprandial hy-
perlipidemia.
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