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Obesity is commonly associated with elevated plasma
free fatty acid (FFA) levels, as well as with insulin
resistance and hyperinsulinemia, two important car-
diovascular risk factors. What causes insulin resis-
tance and hyperinsulinemia in obesity remains uncer-
tain. Here, we have tested the hypothesis that FFAs are
the link between obesity and insulin resistance/hyper-
insulinemia and that, therefore, lowering of chroni-
cally elevated plasma FFA levels would improve insulin
resistance/hyperinsulinemia and glucose tolerance in
obese nondiabetic and diabetic subjects. Acipimox
(250 mg), a long-acting antilipolytic drug, or placebo
was given overnight (at 7:00 p.M., 1:00 A.M., 7:00 A.M.) to
9 lean control subjects, 13 obese nondiabetic subjects,
10 obese subjects with impaired glucose tolerance, and
11 patients with type 2 diabetes. Euglycemic-hyperin-
sulinemic clamps and oral glucose tolerance tests (75 g)
were performed on separate mornings after overnight
Acipimox or placebo treatment. In the three obese
study groups, Acipimox lowered fasting levels of plasma
FFAs (by 60-70%) and plasma insulin (by ~50%).
Insulin-stimulated glucose uptake during euglycemic-
hyperinsulinemic clamping was more than twofold
higher after Acipimox than after placebo. Areas under
the glucose and insulin curves during oral glucose tol-
erance testing were both ~30% lower after Acipimox
administration than after placebo. We conclude that
lowering of elevated plasma FFA levels can reduce
insulin resistance/hyperinsulinemia and improve oral
glucose tolerance in lean and obese nondiabetic sub-
jects and in obese patients with type 2 diabetes.
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besity is commonly associated with insulin resis-
tance and hyperinsulinemia (1,2), two important
cardiovascular risk factors (3). The fact that
insulin resistance and hyperinsulinemia increase
with weight gain and decrease with weight loss (4-6) suggests
that the two have a cause-and-effect relationship. It has
recently been suggested that free fatty acids (FFAs) are the link
between obesity and insulin resistance/hyperinsulinemia (7),
based on evidence showing that plasma FFA levels are com-
monly elevated in obesity (8,9) and that acute elevations of
plasma FFA levels produce insulin resistance in healthy and dia-
betic subjects (10-15). This alone does not prove, however, that
the chronically elevated plasma FFAs are responsible for the
insulin resistance in obese subjects. Causal links among
insulin resistance, hyperinsulinemia, and FFAs might be more
convincingly established by the demonstration that lowering
of plasma FFAs also lowers insulin resistance and hyperinsu-
linemia. So far, this has not been shown. Fulcher et al. (16) have
failed to see a beneficial effect on insulin resistance of
overnight lowering of plasma FFAs in patients with type 2 dia-
betes. We were similarly unable to demonstrate a statistically
significant reduction in insulin resistance after acutely lower-
ing plasma FFAs for 6 h in four healthy volunteers (11). It
appears likely, however, that these failures were caused by
problems related to the experimental designs (low clamp
insulin infusion rates in the Fulcher study, insufficient number
of experiments in our study). It was, therefore, the first objec-
tive of the present study to test the hypothesis that overnight
lowering of plasma FFA concentrations with Acipimox, a long-
acting antilipolytic drug, would reduce insulin resistance in
obese subjects with varying degrees of insulin resistance.
FFAs not only produce insulin resistance (10-15), but also
stimulate insulin secretion (7). Hence, an improvement in
insulin resistance produced by lowering of plasma FFAs may
not necessarily result in an improvement in glucose tolerance,
which depends primarily on the amount of insulin released in
response to a glucose challenge and on target tissue sensitiv-
ity to the released insulin. To our knowledge, there are
presently no published data relating FFA-induced changes in
insulin resistance to glucose tolerance. A second objective of
this study was, therefore, to evaluate the relationship between
FFA-induced changes in insulin resistance and secretion and
oral glucose tolerance in the same obese subjects.
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TABLE 1
Clinical characteristics of the study subjects

Race (n) Body surface
Group Sex (F/M)  Age (years)  White Black Mulatto  Weight (kg) area (m?) BMI (kg/m?)
Lean nondiabetic 7/2 39.1£23 5 2 2 59.9 £ 2.2 1.61 +04 22.9 £ 0.26
Obese nondiabetic 10/3 394 £ 1.3 7 3 3 83.8 + 2.6% 1.82 + 0.03* 34.1 + 0.8*%
Obese IGT 8/2 43.5 + 1.6 6 2 2 81.6 + 4.0% 1.83 + 0.06* 32.3 + 1.1*
Obese diabetic 9/2 43.6 + 1.4 6 2 3 80.5 + 3.9% 1.79 + 0.05* 32.4 + 1.0*

Data are means + SE or n. *P < 0.01 vs. lean nondiabetic control subjects.

RESEARCH DESIGN AND METHODS

Subjects. We have studied 9 healthy nonobese control subjects without a family
history of diabetes, hypertension, dyslipidemia, or other known endocrine or
metabolic disease and 34 obese subjects divided into three groups according to the
degree of their glucose tolerance. Their clinical characteristics are shown in
Table 1. There were no significant differences between the four groups with
respect to age, sex, or race. Body weight and body surface area were significantly
greater in the obese subjects than the lean control subjects (P < 0.01). The obese
nondiabetic subjects with impaired glucose tolerance (IGT) and the patients with
recently diagnosed type 2 diabetes had similar weights, body surface areas, and BMIs.

Patients with clinically significant micro- or macrovascular complications

and patients taking lipidlowering agents or insulin were excluded. None of the
volunteers had taken any drugs for at least 3 weeks before the study, and weight
had been stable in all subjects for at least 3 months before the study. All subjects
consumed a diet containing at least 200 g of carbohydrate for 3 days before the
study began. No subject participated in strenuous physical activity. This study was
approved by the Ethical Committee of The Hospital das Clinicas, and all subjects
gave written informed consent before participation.
Study protocol. All study subjects ate a standard supper at ~7:00 M. Acipimox,
a potent long-acting antilipolytic nicotinic acid (NA) analog (17), or a placebo
was administered in doses of 250 mg at 7:00 p.m. the night before and at 1:00 and
7:00 A.M. on the day of study. The sequence of placebo and Acipimox adminis-
tration was randomized. At 7:00 A.M. on the day of study, an intravenous cannula
was inserted into an antecubital vein, which was kept open with a slow saline
drip, and the arm was heated to 50°C in a Plexiglas box to arterialize the blood.
A second cannula was inserted into a contralateral antecubital vein for infusion
of insulin and glucose. After an equilibration period of 30 min, basal samples were
collected for determination of plasma glucose, insulin, and FFA concentrations.
Then, euglycemic-hyperinsulinemic clamps were performed by infusing insulin
(Novolin R; Novo-Nordisk, Bagsvaerd, Denmark) for 180 min at arate of 7 pmol -
kg - min"!. Euglycemia (~5 mmol/1) was maintained with a variable-rate infu-
sion of 50% glucose. Blood glucose levels were determined at 10-min intervals,
and glucose infusion rates (GIRs) were adjusted as needed. Urinary glucose excre-
tion was measured during the clamps and used to correct calculation of periph-
eral glucose uptake.

On a different day, oral glucose tolerance tests were started at ~7:00 A.M.; 75 g
of glucose was administered as a 25% glucose solution over 15 min, and blood sam-
ples were drawn at —45, -30, 0, 30, 60, 90, 120, and 180 min for measurement of
plasma glucose, insulin, and FFA concentrations.

Analytical methods. Carbohydrate and fat oxidation rates were determined by
indirect calorimetry with a computerized flow-through canopy gas analyzer sys-
tem (Deltatrac Metabolic Monitor; Datex, Helsinki, Finland). Rates of protein oxi-
dation were calculated from urinary nitrogen (N) excretion. Rates of protein
oxidation were used to determine the nonprotein respiratory quotient (npRQ)
using the tables of Lusk, which are based on an npRQ of 0.707 for 100% fat oxi-

TABLE 2

dation and 1.00 for 100% carbohydrate oxidation. It was assumed that for each
gram of N excreted in the urine, 6.02 liters of O, were consumed and 4.75 liters
of CO, were produced.

Plasma and urine glucose concentrations were determined with the glucose

oxidase method. Plasma FFAs were measured by the method of Chromy et al. (18)
as modified by Demacker et al. (19). FFA measurements were corrected for
background absorbance in hyperlipemic sera. Plasma insulin was determined by
radioimmunoassay with a double antibody, using a modification of the method of
Desbuquois and Aurbach (20). The anti-insulin serum cross-reacted completely
with proinsulin.
Statistical analysis. All data are presented as means + SE. Statistical compar-
isons between placebo and Acipimox experiments were performed using paired
Student’s ¢ test, and a one-way analysis of variance was used for comparison of
different groups of subjects. The incremental areas (above baseline) for glucose
and insulin during the glucose tolerance tests were calculated using the trapezoidal
rule. Correlations between variables were performed using least-squares regres-
sion analysis.

RESULTS

Basal plasma FFA, insulin, and glucose levels. Basal
data from all subjects undergoing oral glucose tolerance test-
ing and hyperinsulinemic clamping were pooled and ana-
lyzed together.

After placebo treatment, basal (after an overnight fast)
plasma FFA levels were significantly lower in the lean non-
diabetic control subjects (329 + 28 pmol/l) than in the three
obese groups (560 + 52, 566 + 83, and 584 + 39 pmol/l, respec-
tively). After Acipimox administration, basal plasma FFA lev-
elswere 60.4 + 3.0, 57.9 +4.1,56.5 = 6.8, and 70.4 + 3.4% lower
than after placebo in lean control, obese nondiabetic, obese
IGT, and obese diabetic subjects, respectively (Table 2).

After placebo, basal insulin levels were significantly higher
in obese IGT and diabetic subjects than in lean nondiabetic
control subjects. After Acipimox administration, insulin lev-
els were ~50% lower than after placebo in all four groups
(Table 2).

After placebo, basal plasma glucose concentrations were
moderately elevated in diabetic patients (6.8 + 0.4 vs. 4.98 =
0.1 mmol/], P < 0.01). After Acipimox, basal plasma glucose
was lower than that after placebo in all groups (P < 0.01). This

Effect of placebo and Acipimox treatment on basal plasma glucose, insulin, and FFAs

Lean nondiabetic subjects Obese nondiabetic subjects

Obese IGT subjects Obese diabetic subjects

Placebo Acipimox Placebo Acipimox Placebo Acipimox Placebo Acipimox
Glucose (mmol/1) 498 +0.09 4.63 +0.09* 5.03+0.07 4.70+0.09* 5.85+0.24 5.09+0.20* 6.83 +0.441 5.78 +(0.23*
Insulin (pmol/1) 82 +10 38 + 6* 96 + 8 49 + 7* 114 + 11% 60 + 11* 149 + 20t 78 + 10*
FFAs (pmol/l) 329 + 28 128 + 13* 560 + 521 221 + 21* 566 + 83% 242 + 55* 584 + 39t 170 + 21*
Data are means + SE. *P < 0.01 for placebo vs. Acipimox; P < 0.01, £P < 0.05 compared with lean control subjects.
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TABLE 3

Effect of placebo and Acipimox on basal carbohydrate and fat oxidation rates

Carbohydrate oxidation
(umol - m2 - min™?)

Fat oxidation
(pmol - m™2 - min™)

Group Placebo Acipimox Placebo Acipimox
Lean nondiabetic 373 + 22.2 568 + 26* 41 £ 2 22 + 3*
Obese nondiabetic 410 + 36 531 + 31* 35+3 26+ 3
Obese IGT 386 + 36 494 + 26* 34 +3 23 + 3*
Obese diabetic 424 + 42 565 + 64* 36«5 26 + 4%

Data are means + SE. *P < 0.01 for placebo vs. Acipimox.

decrease, although statistically significant, was small in the
two nondiabetic groups (~0.4 mmol/l or ~7%), but larger in the
diabetic subjects (~1.1 mmol/l or ~15%) (Table 2).

Basal carbohydrate and fat oxidation. After placebo,
rates of carbohydrate oxidation and fat oxidation were sim-
ilar in all four groups (Table 3). After Acipimox, fat oxidation
was ~50% lower and carbohydrate oxidation ~50% higher
than after placebo in the lean nondiabetic control subjects.
In the three obese groups, fat oxidation was between 26-28%
lower and carbohydrate oxidation was between 29-34%
higher after Acipimox than after placebo.
Euglycemic-hyperinsulinemic clamps. Plasma glucose
concentrations were clamped at 5.0-5.6 mmol/], and plasma
insulin levels were increased to and maintained at 660-720
pmol/l in all studies (Fig. 1).

After placebo, GIRs, reflecting insulin-stimulated glucose
uptake (ISGU), were 50% lower in obese than in lean nondia-
betic subjects (1.3 + 0.06 vs. 2.6 + 0.1 mmol - m2 - min}, P <
0.001) and ~70% lower in obese subjects with IGT or diabetes
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FIG. 1. Plasma glucose, insulin, and FFA levels before and during
euglycemic-hyperinsulinemic clamping in lean and obese nondiabetic
subjects and in subjects with IGT and type 2 diabetes after overnight
treatment with placebo (left) or Acipimox (right).
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compared with lean nondiabetic control subjects (0.7 = 0.1 or
0.8 +0.1vs.2.6 + 0.1 mmol - m™?- min}, P < 0.001) (Fig. 2).

After Acipimox administration, GIRs were higher than
those after placebo treatment in lean control subjects (+23
+ 4%, P < 0.001) and obese nondiabetic (+131 + 13%, P <
0.0001), IGT (+111 + 21%, P < 0.001) and diabetic (+103 + 27%,
P <0.001) subjects.

There was a linear relationship between changes in GIR
(GIR at 180 min — GIR at 0 min) and basal plasma FFAs, such
that a decrease in FFAs by 100 pmol/l was associated with an
increase in GIR of 0.31 mmol - m™ - min™ in nondiabetic
(lean and obese) subjects and of 0.12 mmol - m™ - min™' in
obese subjects with IGT or type 2 diabetes (Fig. 3). In the cur-
rent study, no glucose tracers were used, and, thus, true rates
of glucose uptake could not be determined. At the insulin lev-
els attained during hyperinsulinemic clamp (600-700 pmol/1),
endogenous glucose production was probably not completely
suppressed, and, therefore, true rates of glucose uptake could
have been 10-20% higher than the measured GIR.

Oral glucose tolerance. Acipimox treatment lowered
plasma glucose and insulin levels in all four groups (Fig. 4).

Areas under the glucose curves (glucose AUC) decreased
by a mean of 25, 29, 26, and 21%, respectively, while insulin
AUC decreased by a mean of 42, 19, 41, and 26%, respec-
tively, in lean control, obese nondiabetic, IGT, and diabetic
subjects (Table 4).
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FIG. 2. Rates of glucose infusion needed to maintain euglycemia dur-
ing hyperinsulinemic clamping (GIR) in lean and obese nondiabetic
subjects and in subjects with IGT and type 2 diabetes after overnight
treatment with placebo ([J) or Acipimox (H). Statistical analysis:
*P < 0.001, **P < 0.0001 for placebo vs. Acipimox treatment; +P < 0.001
compared with lean nondiabetic control subjects.
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FIG. 3. Correlation between basal FFA levels after overnight treatment
with placebo or Acipimox and GIR needed to maintain euglycemia after
150 and 180 min of euglycemic-hyperinsulinemic clamping in lean and
obese nondiabetic subjects and in subjects with IGT and type 2 dia-
betes.

In the IGT group, mean fasting and 2-h glucose concentra-
tions decreased from 5.7 + 0.2 and 8.8 + 0.3 mmol/l, respec-
tively, after placebo to 5.5 + 0.2 and 7.4 + 0.3 mmol/], respec-
tively, after Acipimox (P < 0.01). After placebo treatment, 3 of
the 10 patients had fasting plasma glucose concentrations
6.1-7.0 mmol/l (110-126 mg/dl), and 8 had 2-h plasma glu-
cose concentrations 7.8-11.1 mmol/l (140-200 mg/dl). After
Acipimox administration, only one patient had fasting plasma
glucose concentrations 6.1-7.0 mmol/l and only two had 2-h
glucose concentrations 7.8-11.1 mmol/l. Thus, according to the
new American Diabetes Association guidelines (21) Acipi-
mox improved glucose tolerance from impaired to normal in
8 of 10 subjects.

In the diabetic group, mean fasting and 2-h glucose con-
centrations decreased from 6.9 = 0.5 and 13.7 + 0.7 mmol/l,
respectively, after placebo to 5.8 + 0.4 and 10.3 = 1.0 mmol/],
respectively, after Acipimox (P < 0.01). After placebo treat-
ment, 3 of the 11 patients had fasting plasma glucose con-
centrations >7.0 mmol/l and 10 of 11 had 2-h glucose con-
centrations >11.1 mmol/l. After Acipimox administration, all
11 patients had fasting plasma glucose <7.0 mmol/l, and only
4 had 2-h glucose concentrations >11.1 mmol/l. Thus, Acipi-
mox improved glucose tolerance from diabetic to impaired
in 7 of 11 subjects.

DISCUSSION

Acipimox, FFAs, and insulin resistance. It was the main
objective of this study to examine whether overnight lower-
ing of plasma FFA levels with the potent long-acting NA ana-
logue Acipimox could improve insulin resistance in obese sub-
jects exhibiting a wide spectrum of insulin sensitivities rang-
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FIG. 4. Plasma glucose (left) and insulin (right) levels during oral
glucose tolerance testing (75 g of glucose) after overnight treatment
with placebo or Acipimox.

ing from normal to diabetic. Plasma FFA levels were lowered
effectively, as evidenced by the fact that at 7:00 A.m. on the day
of study, i.e., 6 h after the last dose of Acipimox, and at a time
when FFA breakthroughs were most likely to occur (17),
plasma FFA concentrations were lower (by an average of
~60%) than after placebo treatment in every one of the 43
study subjects. The decrease in FFAs was associated with an
increase in ISGU in all subjects (Fig. 2). The increase was rel-
atively small (23 + 4%) in the lean nondiabetic control sub-
jects, in whom Acipimox produced only a modest decrease
in plasma FFAs (from 329 + 28 to 128 + 13 pmol/l). In contrast,
in the three obese groups, Acipimox lowered plasma FFA lev-
els from ~600 to between 170 and 240 pmol/l and increased
ISGU more than twofold. Lowering of basal plasma FFAs
from an elevated to a normal concentration (instead of low-
ering it to a very low concentration, as was done here) would
presumably have had a lesser effect on ISGU. The 131%
increase in ISGU was sufficient to normalize insulin sensitiv-
ity in the obese nondiabetic subjects. This suggested that ele-
vated plasma FFA levels had been responsible for most of
their insulin resistance. On the other hand, in obese subjects
with IGT or diabetes, doubling of ISGU was not sufficient to
normalize their insulin sensitivity, which remained ~50% below
that of the lean nondiabetic control subjects. This suggested
that elevated FFA levels were responsible for much, but not all,
of the insulin resistance in type 2 diabetes, confirming previous
findings from our laboratory (13). The relationship between
basal plasma FFAs and GIR (at the end of the clamps)
appeared to be linear for nondiabetic and diabetic subjects
(Fig. 3). ISGU was zero (i.e., insulin resistance was maximal)

1839



ACIPIMOX IMPROVES INSULIN RESISTANCE

TABLE 4

Effects of placebo and Acipimox on glucose and insulin during oral glucose tolerance tests

Glucose AAUC (mmol - I"! - min™)

Insulin AAUC (mmol - I'! - min™)

Group Placebo Acipimox P Placebo Acipimox P
Lean nondiabetic 214 + 46 157 + 26 0.12 48.8 +4.3 28.7+ 3.9 <0.001
Obese nondiabetic 275 + 30 192 + 24 <0.02 69.3 + 10.2 54.0 £ 7.0 <0.03
Obese IGT 701 + 28 512 + 31 <0.002 87.5 + 15.0 52.3 +9.1 <0.001
Obese diabetic 1,017 + 83 785 + 86 <0.01 62.4 £ 7.7 445+ 74 <0.01

Data are means + SE of AAUC (total — basal AUC).

at aplasma FFA level of ~1,100 or ~1,300 pmol/], respectively,
and a decrease in plasma FFAs of 100 pmol/l resulted in a 9.1
or 7.7% reduction in insulin resistance, respectively, in non-
diabetic subjects and in subjects with IGT or type 2 diabetes.

The failure of Fulcher et al. (16) to observe significant
improvement in ISGU after overnight Acipimox administra-
tion in type 2 diabetic patients may have been, at least in part,
due to their use of low clamp insulin infusion rates (0.25 mU -
kg - min™). This produced only small increments in ISGU
and was likely to obscure an effect of FFAs on ISGU. Despite
these methodological problems, however, their data (12)
showed that ISGU increased from 99.6 + 11 to 124 + 18 mg -
m™~ . min™ after Acipimox, whereas there was no change
after placebo (from 117.3 + 9.1 to 117 + 16 mg - m™ - min™?).
Thus, there was at least a trend toward improved insulin
sensitivity with Acipimox, even though these differences
may not have been statistically significant.

Ithas been well established that acute elevations of plasma
FFAs produce insulin resistance (10-15). In the present study,
we have shown the opposite, namely, that lowering of plasma
FFAs improved insulin resistance. It was assumed that Acip-
imox exerted its effect on insulin resistance via lowering of
plasma FFAs and not by direct, i.e., not FFA-related, action.
This assumption is supported by the close correlation
between plasma FFAs and ISGU (Fig. 3), by the observation
of Vaag et al. (22) that Acipimox had no direct effect on basal
glucose disposal, and by the report of Saloranta et al. (23) that
Acipimox had no direct effect on hepatic glucose production.
Confirming many previous reports, we found that lowering of
plasma FFA concentrations was associated with a decrease in
fat oxidation and an increase in carbohydrate oxidation (7).
It should be pointed out, however, that decreasing carbohy-
drate oxidation is not the mechanism by which FFAs inhibit
ISGU. FFAs cause insulin resistance through inhibition of
insulin-stimulated glucose transport and/or phosphorylation,
as well as by inhibition of glycogen synthesis, processes that
require 3-6 h to develop (10,11). FFA-induced inhibition of car-
bohydrate oxidation, on the other hand, develops almost
instantaneously but does not interfere with ISGU for several
hours (10). The molecular/biochemical events leading to
FFA-induced insulin resistance remain unknown. It has
recently been proposed that FFA activation of the hex-
osamine pathway may play a role in the pathogenesis of
insulin resistance (24). This work, however, was performed
with rats and needs to be confirmed in human subjects.
FFAs and oral glucose tolerance. Glucose tolerance is a
complex process in which the amount of insulin secreted in
response to the rising plasma glucose levels and peripheral
and hepatic insulin sensitivity play major roles. In the current
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study, lowering of plasma FFAs with Acipimox reduced
insulin levels (insulin AUC) and glucose levels (glucose
AUC) both by ~30% during the oral glucose tolerance tests.
This indicated that the Acipimox-mediated improvement in
insulin sensitivity (~100% during the clamps) was greater
than the Acipimox-induced decrease in plasma insulin levels.
As aresult, 8 of 10 obese subjects with IGT improved to nor-
mal glucose tolerance after Acipimox treatment, whereas 7
of 11 obese subjects with type 2 diabetes improved to IGT.
Fasting plasma insulin and glucose. Fasting plasma
insulin levels were ~50% lower after Acipimox administration
than after placebo in all four study groups. We have recently
reported a slightly smaller decrease (~30%) in basal plasma
insulin after plasma FFA levels were acutely decreased with
NA (25). Taken together, the data suggest that plasma FFAs
can support up to almost one-half of basal insulin levels.
Fasting plasma glucose also decreased slightly but signifi-
cantly in all four groups after Acipimox administration, from
~T%in lean and obese nondiabetic subjects to ~15% in obese
patients with IGT or mild type 2 diabetes. Fulcher et al. (16),
using the same protocol, also found a ~15% decrease in fast-
ing plasma glucose in eight obese patients with mild type 2
diabetes. Similarly, Worm et al. (26) reported a decrease in
blood glucose after 3 days of treatment with Acipimox. Oth-
ers, however, found no effect of Acipimox on blood glucose
(22,27-29). These discrepant results are not surprising. Fast-
ing plasma glucose concentrations are primarily determined
by the rate of endogenous glucose production (30). A fall in
plasma FFAs can be expected to result in a decrease in the
rate of gluconeogenesis. This decrease, however, is more or
less compensated for by an increase in the rate of glycogenol-
ysis (31), via a process known as hepatic autoregulation (32).
Hence, whether Acipimox will lower blood sugar or not
probably depends to a large extent on the hepatic glycogen
content. If liver glycogen is low, during fasting, for instance,
glycogenolysis will be unable to balance the decrease in glu-
coneogenesis, and the blood sugar will fall (31,32).
Summary and clinical relevance. NA is an excellent lipid-
lowering agent (33). Its use in diabetic patients, however, is
not recommended because NA frequently causes deteriora-
tion of glucose tolerance (34). This is probably due to the short
half-life of NA, which produces frequent breakthrough FFA
rebounding (17). Acipimox, like NA, lowers lipids effectively,
but unlike NA, it is longer acting and therefore much less
prone to produce FFA rebounding (17). In fact, none of the
43 subjects in this study had a demonstrable FFA rebound
within 6 h after the last Acipimox dose. Lowering of overnight
plasma FFA levels with Acipimox markedly improved insulin
resistance, oral glucose tolerance, and basal insulin levels in
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obese subjects, regardless of the degree of their preexisting
insulin resistance. These findings add to a growing body of evi-
dence showing that elevated plasma FFA levels are an impor-
tant link between obesity and insulin resistance (25,35). Nev-
ertheless, more and longer studies are needed to demon-
strate that long-term inhibition of lipolysis is feasible and
effective in the treatment of type 2 diabetes, a disease that is
characterized by insulin resistance, dyslipidemia, and a two-
to fivefold increase in cardiovascular mortality.
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