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Diabetic dyslipidemia is featured by hypertriglyceridemia, low high-density lipoprotein (HDL) cholesterol levels, and elevated

low-density lipoprotein (LDL) cholesterol commonly in the form of small, dense LDL particles. First-line treatment, fibrates

versus statins or both, of dyslipidemia in diabetic patients has been the focus of debate. We investigated the potential

hypolipidemic effects of atorvastatin, a 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor with good

triglyceride lowering properties, in patients with combined dyslipidemia and evidence of impaired fasting glucose or type 2

diabetes. Twenty patients were recruited for the study, and after a 60-day wash out period, baseline measurements of

lipoprotein parameters, LDL particle diameter, and apolipoprotein B (apoB) degradation fragments were obtained. The group

was then randomized, in a double-blinded manner, into 2 subgroups. Group A received atorvastatin (80 mg) and group B

received placebo daily for 60 days. After the first treatment period, all patients were reanalyzed for the above parameters. The

treatment regime then crossed over for the second treatment period in which group A received placebo and group B received

atorvastatin (80 mg) daily for 60 days. All parameters were remeasured at the end of the study. Treatment with atorvastatin

resulted in a statistically significant reduction in total cholesterol (41%), LDL cholesterol (55%), triglycerides (TG) (32%), and

apoB (40%). Mean LDL particle diameter significantly increased from 25.29 6 0.24 nm (small, dense LDL subclass) to 26.51 6
0.18 nm (intermediate LDL subclass) after treatment with atorvastatin (n 5 20, P < .005). At baseline, LDL particles were

predominantly found in the small, dense subclass; atorvastatin treatment resulted in a shift in the profile to the larger and

more buoyant LDL subclass. Atorvastatin treatment did not produce consistent changes in the appearance of apoB degra-

dation fragments in plasma. Our results suggest that atorvastatin beneficially alters the atherogenic lipid profile in these

patients and significantly decreases the density of LDL particles produced resulting in a shift from small, dense LDL to more

buoyant and less atherogenic particles.
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T HE HIGHLY ATHEROGENIC dyslipidemia associated
with insulin resistance, impaired fasting glucose, and

type 2 diabetes mellitus is characterized by elevated plasma
concentrations of triglycerides (TG), low concentrations of
high-density lipoprotein (HDL) cholesterol, and the predomi-
nance of small, dense low-density lipoprotein (LDL) particles.
First-line treatment of diabetic dyslipidemia has been the sub-
ject of debate in recent literature.1,2 Studies have assessed the
efficacy of fibric acid derivatives,3 statins,4-6 and even com-
pared statins with fibrates.7-9 Fibrates effectively lower TG
levels, increase HDL cholesterol, increase LDL particle diam-
eter, and cause a shift in the distribution of LDL subtypes;
however, fibrates do not lower LDL cholesterol levels. Statins
effectively lower LDL cholesterol, total cholesterol, apoli-
poprotein B (apoB), and reduce all LDL subtypes, but they do
not induce a shift in the LDL subtype distribution.10 Hypertri-
glyceridemia alters lipoproteins and leads to the formation of
small, dense LDL particles.11 The TG lowering effect of feno-

fibrate has been suggested to contribute to the shift from the
small, dense LDL particle subtype to the more buoyant particle
subtype.9

LDL cholesterol lowering in diabetic patients has been sug-
gested to be a priority in improvement of the dyslipidemia
observed in these patients.12 3-Hydroxy-3-methyl-glutaryl co-
enzyme A (HMG-CoA) reductase inhibitors, such as statins,
effectively lower plasma levels of LDL cholesterol, reduce
coronary events and overall mortality, and are currently the
drug of choice in treating patients with hyperlipidemia.8,13

Statins have also been shown to exert positive effects in pa-
tients with type 2 diabetes. A subgroup of type 2 diabetic
patients in the Scandinavian Survival Study and in the Choles-
terol and Recurrent Events (CARE) trial exhibited significant
reductions in the incidence of major coronary events as a result
of drug therapy.14,15 Studies comparing different statins deter-
mined that atorvastatin effectively decreased TG, LDL choles-
terol, apoB, and total cholesterol in patients with mixed dys-
lipidemia with and without type 2 diabetes4 and in type 2
diabetics with hypercholesterolemia.5 We, therefore, examined
the effect of atorvastatin, a statin with good TG-lowering
properties, on LDL particle size and plasma levels of apoB
degradation products, in patients with the typical dyslipidemia
associated with impaired fasting glucose and type 2 diabetes.

Previous investigation into the intracellular biogenesis and
degradation of apoB in human hepatocytes has suggested that a
70- to 85-kd apoB fragment may be generated upon intracel-
lular degradation of apoB in the liver.16,17The generation of the
70- to 85-kd apoB fragment may thus be a direct indication of
the degree to which full-length apoB (apoB-100) is degraded
by the hepatocytes. It may also be an indicator of the formation
of a translocation arrested apoB,17 which is a form of intracel-
lular apoB that is secretion-incompetent and, therefore, des-
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tined for degradation in the cell. We hypothesized that in
patients treated with atorvastatin, intrahepatic apoB degrada-
tion may be enhanced, resulting in an increased formation of
the 70- to 85-kd apoB fragment and thus an elevation in the
plasma concentration of this apoB degradation intermediate.

Our primary objective in this study was to determine the
effects of atorvastatin on the density profile of the plasma
apoB-containing lipoproteins and the plasma levels of small,
dense LDL particles in patients with combined dyslipidemia
and impaired fasting glucose or type 2 diabetes. Our secondary
objective was to determine the effects of atorvastatin on the
appearance of the 70- to 85-kd apoB fragment in plasma before
and after therapy.

MATERIALS AND METHODS

Study Design

Twenty patients with either impaired fasting glucose (IFG) or type 2
diabetes as per American Diabetes Association (ADA) criteria were
enrolled in the study. Criteria defining the condition were as follows:
plasma TG greater than 2.5 mmol/L, HDL cholesterol less than 0.9
mmol/L for men and less than 1.1 mmol/L for women, total cholesterol/
HDL cholesterol ratio greater than 5, IFG or type 2 diabetes mellitus,18

and/or hypertension. Patients signed informed consent, and a full
medical history and physical examination was obtained from each
patient. The protocol of this study was approved by the Windsor
Human Research and Ethics Committee. The exclusion criteria were as
follows: (1) hypersensitivity to HMG-CoA reductase inhibitors, (2)
concomitant use of erythromycin or macrolide antibiotics, cyclosporin,
azole antifungals, trazodone, systemic steroids other than oral contra-
ceptives, or hormone replacement therapy, (3) pregnancy or breast-
feeding, (4) type 1 diabetes, (5) thyrotropin (TSH) above 5.5 mU/mL,
(6) aspartate transaminase (AST) greater than twice the upper limits of
normal, (7) creatine kinase (CK) greater than 3 times the upper limits
of normal, and (8) alcohol consumption of greater than 14 drinks/week.
Patients followed a low-fat and low-cholesterol Canadian Diabetes
Association (CDA)-approved diet and were all monitored by a dieti-
cian. All lipid-lowering agents were discontinued for 8 weeks for
patients who were eligible to participate in the study. After this period,
baseline measurements of fasting plasma glucose, glycohemoglobin,
CK, AST, total cholesterol, apoB, TG, nonesterified fatty acids
(NEFA), HDL cholesterol, LDL cholesterol, insulin, C-peptide, LDL
particle size, and apoB fragments were obtained. Baseline measure-
ments were evaluated to determine whether each patient fulfilled the
inclusion/exclusion criteria to continue in the treatment phase of the
study. Twenty patients matching the criteria were then randomized in
a double-blinded manner into 2 treatment groups. Group A received
atorvastatin (80 mg) daily and group B received placebo for 60 days. At
the end of this period, blood samples were drawn from each patient,
and repeat measurements were performed. After this initial treatment
period, the treatment regimes then crossed over with group A receiving
placebo and group B receiving atorvastatin (80 mg) daily for 60 days.
At the end of this second treatment period, all parameters described
above were remeasured. At each visit, patients were evaluated for
adverse events. All patients completed the study except for 1 patient in
Group A who moved out of town after the second treatment period.

Measurement of Biochemical Analytes

Patient blood samples were drawn after a 12-hour fast into tubes
containing EDTA. Blood was centrifuged, and plasma/serum was sep-
arated immediately and analyzed. The remaining samples were refrig-
erated or frozen for long-term storage. Glucose, glycohemoglobin, CK,
AST, total cholesterol, HDL cholesterol, and TG levels were deter-

mined on an automatic analyzer (Hitachi 705, San Jose, CA). LDL
cholesterol was calculated from the Friedewald formula. LDL choles-
terol was not calculated for patients with TG levels greater than 4.5
mmol/L, as the formula is invalid for TG levels in this range.

ApoB, C-Peptide, Insulin, and Free Fatty Acid Measurements

ApoB, C-peptide, insulin, and free fatty acid levels were measured
from serum samples. ApoB was measured by immunonephelometric
analysis performed on a Dade Behring (Mississauga, Canada) BNII
system using antisera to apoB. C-peptide levels were determined on an
Immunlite (DPC; Intermedical Ltd, West Malling, UK) instrument
using a chemiluminescent competitive immunoassay. Insulin was de-
termined using a solid phase, 2-site chemiluminescent enzyme-labeled
immunometric assay on an Immunlite instrument (no cross-reactivity
with proinsulin, C-peptide, or glucagon in this insulin assay). Free fatty
acid levels were measured using an enzymatic assay kit (Wako Chem-
icals, Richmond, VA) on a Cobas Mira analyzer (Roche, Laval, Can-
ada).

Homeostasis Model Assessment of Insulin Resistance

We assessed insulin resistance in these patients before and after
atorvastatin treatment using the homeostasis model assessment
(HOMA) originally described by Matthews et al.19 This method cal-
culates insulin resistance/sensitivity based on mathematical modeling
of fasting insulin and glucose levels using the following formula:
fasting serum insulin (mU/mL) 3 fasting plasma glucose (mmol/L)/
22.5.

LDL Particle Diameter

Diameter of LDL particles in whole plasma was assessed by non-
denaturing polyacrylamide gradient gel electrophoresis (2.5% to 15%)
using previously described methods20,21 with some minor modifica-
tions. Ten microliters of plasma was subjected to electrophoresis after
adjustment to 25% sucrose with a stock solution of 40% sucrose.
Gradient gels were prerun for 15 minutes at 125 V. Samples and protein
standards were loaded and gels were then run for 15 minutes at 20 V,
15 minutes at 70 V, and finally at 150 V for an additional 30 hours at
4°C. Two and a half microliters of a suspension of carboxylated latex
beads (diluted 10-fold to 0.1 to 0.105 g/cc) was added to the protein
standard lane 2 hours after the initiation of electrophoresis to prevent
the binding of the marker proteins to the beads. Alternatively, latex
beads were loaded in a separate lane. After electrophoresis, gels were
stained overnight in 0.04% Oil Red O in 60% ethanol and were
destained in 10% acetic acid. Protein markers were selectively stained
with 0.05% Coomassie R-250 in 50% methanol, 10% acetic acid by
soaking a narrow piece of filter paper and placing it over the appro-
priate lane. The distribution of LDL isoforms for each patient was
determined by measuring the migration distance of each LDL band
observed. Diameters were assigned to each LDL band by extrapolation
on a standard curve of migration distances measured for proteins of
known particle diameter and from carboxylated latex beads (38 nm,
Duke Scientific, Palo Alto, CA). The protein standards used included
thyroglobulin (17 nm), ferritin (12.2 nm), and catalase (10.2 nm) (High
Molecular Weight Calibration Kit, Pharmacia Biotech, Baie d’Urfe´,
Canada). Intensities of the LDL subclasses were determined by densi-
tometric analysis of each LDL band. Gels were scanned with the Kodak
(Rochester, NY) Digital Science 1D Gel Documentation System using
a 530 nm filter, which detects the Oil Red O stain. Net band intensity
was determined for each LDL isoform observed.

Determination of Plasma ApoB Degradation Fragments

Plasma samples were subjected to chemiluminescent immunoblot-
ting for determination of apoB degradation fragments. Plasma was
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diluted 10-fold and was resolved on a 7% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) mini-gel. Resolved
apoB degradation fragments were transferred electrophoretically onto a
nitrocellulose membrane (Amersham Pharmacia) overnight using a
Bio-Rad (Mississauga, Canada) Wet Transfer System. The primary
antibody used to detect the apoB fragments was a goat antihuman apoB
polyclonal antibody (Genzyme, Mississauga, Canada). The secondary
antibody was an antigoat immunoglobulin G (IgG) peroxidase conjugate
(Sigma, St Louis, MO). Membranes were treated with ECL detection
reagents and were exposed to Hyperfilm (Amersham Pharmacia). Densi-
tometric scans of the immunoblots were performed to quantify the frag-
ments present. Fragment sizes were estimated from the position of molec-
ular weight markers (Rainbow marker from Amersham Life Science).

Statistical Analysis

Statistical significance was calculated by performing 2-tailed paired
Student’st test analysis. Pearson’s correlation test was used for assess-
ment of correlation between continuous variables. Differences were
considered significant ifP values were# .05. All P values are 2-tailed.

RESULTS

Eight women and 12 men were enrolled in the study. The
mean age of the study participants was 59.4 years. The mean
body mass index (BMI) at the start of the study was 35.6 and
was unchanged at the end of the study. Fifteen patients were
hypertensive, dyslipidemic, and diabetic, 4 patients had diabe-
tes and dyslipidemia, and 1 patient had impaired fasting glu-
cose and dyslipidemia. Among the patients with diabetes mel-
litus, 7 were on diet and oral hypoglycemic agents, 3 were on
diet and insulin therapy, and 9 were on diet, insulin therapy,
and oral hypoglycemic agents. Baseline measurements of fast-
ing plasma glucose, cholesterol, apoB, TG, NEFA, HDL cho-
lesterol, LDL cholesterol, insulin, and C-peptide levels were
obtained after a 60-day wash out period. These parameters were
remeasured at the end of the first treatment period and again at
the end of the study.

Plasma levels of various lipid and metabolic parameters
measured over the course of the study for group A (patients
treated with atorvastatin after baseline) are summarized in
Table 1. Each number represents the mean value for each

metabolite calculated for each part of the study, namely, base-
line, atorvastatin treatment, and placebo. Treatment with ator-
vastatin resulted in a statistically significant 40% reduction in
apoB (n5 10,P , .005), a 38.9% reduction in total cholesterol
(n 5 10,P , .005), a 35% reduction in TG (n5 10,P 5 .01),
and a 50% reduction in LDL cholesterol levels (n5 9 for
baseline and atorvastatin treatment,P , .005; note: LDL
cholesterol could not be calculated for patients with TG levels
greater than 4.5 mmol/L, thus n values vary for this group).
HDL cholesterol levels significantly decreased after placebo
treatment (n5 10, P 5 .007), suggesting that atorvastatin
treatment may have maintained or slightly increased HDL
levels. Plasma C-peptide levels decreased, although not signif-
icantly, following atorvastatin treatment, suggesting a trend
towards a reduction in the insulin production rate; this decrease
was maintained after the second treatment or placebo period.
Glucose/insulin and the C-peptide/insulin ratios were also cal-
culated. The glucose/insulin ratio decreased after atorvastatin
treatment, but did not reach statistical significance. The C-
peptide/insulin ratio decreased significantly after atorvastatin
treatment (n5 10, P , .05).

The trends observed over the course of the study for group B
(placebo treatment after baseline) are presented in Table 1. The
mean values for each parameter displayed describe the mea-
surements obtained at baseline, after placebo treatment, and
after atorvastatin treatment. As expected, the parameters mea-
sured did not significantly change following placebo treatment.
Following treatment with atorvastatin, patients in group B
exhibited a statistically significant 40% decrease in apoB (n5
10,P , .005), a 43% decrease in total cholesterol (n5 10,P ,
.005), a 29% decrease in TG (n5 10, P , .005), and a 61%
decrease in LDL cholesterol levels (n5 8 for placebo mea-
surement and n5 9 for atorvastatin treatment,P , .005; note:
LDL cholesterol could not be calculated for patients with TG
levels greater than 4.5 mmol/L, thus n values vary for this
group).

To generate a larger sample size, the 2 groups were amal-
gamated according to treatment regime. Thus, baseline mea-

Table 1. Mean Values of Metabolites Measured

Metabolite

Group A Group B

Baseline Atorvastatin Placebo Baseline Placebo Atorvastatin

Total cholesterol (mmol/L) 6.60 6 0.51 4.03 6 0.29* 6.64 6 0.54 5.97 6 0.37 6.08 6 0.27 3.48 6 0.18*
TG (mmol/L) 3.44 6 0.68 2.23 6 0.36† 4.48 6 1.11 4.95 6 1.29 4.17 6 0.71 2.97 6 0.79*
LDL cholesterol (mmol/L) 4.08 6 0.43 2.04 6 0.26* 4.13 6 0.52 3.74 6 0.32 3.94 6 0.21 1.55 6 0.21*
HDL cholesterol (mmol/L) 0.89 6 0.04 0.94 6 0.03 0.83 6 0.03 0.81 6 0.07 0.84 6 0.07 0.82 6 0.08
Total cholesterol/HDL cholesterol ratio 7.48 6 0.65 4.29 6 0.30* 8.17 6 0.75 7.92 6 0.88 7.47 6 0.48 4.58 6 0.52*
ApoB (g/L) 1.24 6 0.07 0.74 6 0.05* 1.36 6 0.10 1.13 6 0.08 1.19 6 0.07 0.72 6 0.06*
Free fatty acids (mmol/L) 0.68 6 0.07 0.61 6 0.08 0.59 6 0.07 0.67 6 0.07 0.67 6 0.08 0.58 6 0.06
Glucose (mmol/L) 7.99 6 0.49 7.76 6 0.66 9.29 6 0.79 9.31 6 1.03 8.99 6 0.79 9.33 6 1.11
Insulin (pmol/L) 202.7 6 52.5 232.9 6 50.2 197.7 6 35.8 332.5 6 143.5 336.3 6 114.6 316.3 6 99.7
C-peptide (ng/mL) 3.45 6 0.45 2.69 6 0.40 2.33 6 0.29 3.88 6 0.51 3.75 6 0.75 3.39 6 0.69

NOTE. Baseline levels were taken after an 8-week wash out period. Plasma and serum samples were drawn after a 12-hour fast. For group A,
samples were drawn at baseline, after 60 days of atorvastatin treatment (80 mg daily), and after 60 days of placebo treatment. For group B,
samples were drawn at baseline, after 60 days of placebo treatment, and after 60 days of atorvastatin treatment (80 mg daily). Data are means 6

SEM.
*P , .005.
†P , .05.
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surements for group A were combined with placebo measure-
ments for group B (because these were the measurements that
directly preceded the initiation of atorvastatin). It is noteworthy
to mention that the limitation of such a practice is that both
groups had different drug-free intervals prior to drug therapy,
which may potentially result in unanticipated effects. However,
in many clinical studies, an 8-week wash out period is sufficient
to eliminate any residual drug effects. Amalgamating baseline
levels (group A) with placebo levels from group B is based on
this assumption, because both groups had at least an 8-week
wash out period; thus, it is assumed that levels from both
groups would represent baseline lipid levels. Furthermore, sta-
tistical analysis showed that baseline levels from group A were
not significantly different from placebo levels (group B). Ac-
cordingly, levels measured after 60 days of treatment with
atorvastatin from group A were combined with drug treatment
levels measured from group B. Graphic representation of the
grouped results for each metabolite is summarized in Fig 1.
Atorvastatin treatment significantly reduced apoB, total choles-
terol, TG, and LDL cholesterol by 40%, 41%, 32%, and 55%,
respectively (for apoB, TG, and total cholesterol: n5 20, P ,
.005; for LDL cholesterol: n5 17 for baseline, n5 18 for
atorvastatin group; note: LDL cholesterol could not be calcu-
lated for patients with TG levels greater than 4.5 mmol/L, thus
n values vary for this group). There was a 42% statistically

significant reduction in the ratio of total cholesterol/HDL cho-
lesterol in response to atorvastatin treatment (n5 20, P ,
.005). HDL cholesterol was not significantly affected by ator-
vastatin treatment; this may be due to the small sample size of
our study. Grouped C-peptide levels were significantly reduced
after atorvastatin treatment (n5 20, P , .05).

HOMA of Insulin Resistance

At baseline, the HOMA score calculated was 13.256 9.26.
Atorvastatin treatment did not significantly change the HOMA
score (13.596 9.93). Thus, it appears that statin therapy does
not affect insulin resistance in our study (note: insulin values
were obtained using an assay that does not cross-react with
proinsulin, C-peptide, or glucagon).

Effect of Atorvastatin on LDL Particle Diameter

LDL particle diameter was classified by size into 3 different
subgroups using previously described intervals.21-23LDL-I rep-
resents the large LDL particle group having a diameter greater
than 26.8 nm, LDL-II represents the intermediate group having
a diameter$ 26.0 nm and# 26.8 nm, and LDL-III represents
the small, dense LDL subclass, which describes LDL particles
less than 26.0 nm in diameter.

Atorvastatin treatment resulted in a statistically significant

Fig 1. Lipid and metabolic parameters in the amalgamated patient group. Data from group A and group B was amalgamated according to

treatment regime to allow for comparison of the effect of atorvastatin on the group of all 20 patients. Baseline levels were derived by combining

baseline levels from group A with placebo levels from group B (because these levels directly preceded drug treatment). Atorvastatin-treated

levels were derived by combining the levels obtained at the end of the 60-day drug treatment period from both groups A and B. (A-L) Represent

plasma/serum levels of apoB, total cholesterol, LDL cholesterol TG, total cholesterol/HDL cholesterol ratio, TG, HDL cholesterol, NEFA, insulin,

glucose, C-peptide levels (n 5 20, mean 6 SEM). As measures of insulin resistance and insulin secretion, we also calculated glucose/insulin and

C-peptide/insulin ratios. ApoB, apolipoprotein B; chol, cholesterol; HDL-chol, high-density lipoprotein-cholesterol; LDL-chol, low-density

lipoprotein-cholesterol; NEFA, nonesterified fatty acids; SEM, standard error of the mean; TG, triglyceride.
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increase in mean particle diameter calculated for subjects in
group A. Figure 2A depicts the change in mean LDL particle
diameter over the course of the study. At baseline, the mean
particle diameter was determined to be 24.986 0.26 nm, which
falls within the small, dense LDL subclass. This mean diameter
increased significantly (n5 10,P ,.005) to 26.646 0.21 nm,
which falls within the intermediate LDL size range, in response
to atorvastatin treatment. After placebo treatment, the mean
LDL particle diameter was reduced to a diameter of 24.856
0.31 nm and thus resumed small, dense LDL classification.
Figure 2B represents the change in mean LDL particle diameter
for patients in group B. After atorvastatin treatment, the mean
particle diameter increased from 25.606 0.42 nm (LDL-III
subclass) to 26.406 0.31 nm (LDL-II subclass); although this
increase did not reach statistical significance, a shift from
LDL-III to LDL-II was observed. However, amalgamating both
treatment groups (to generate a larger treatment group as de-
scribed above) results in an overall statistically significant
increase in mean LDL particle diameter from 25.296 0.24 nm
to 26.516 0.18 nm (n5 20, P , .005) (Fig 2C); again, this
represents a shift from the small, dense LDL particle size to the
intermediate class. Each patient possessed a distinct number of
LDL isoforms; on average, each patient had 2 or 3 different
isoforms with 1 isoform being predominant. The predominant
LDL band was defined as the isoform that was most intensely
stained with Oil Red O. Figure 2D represents the mean diam-
eter of the predominant LDL isoform determined from the
amalgamated group prior to and after atorvastatin treatment.
The mean diameter of the predominant LDL subclass at base-
line was 24.216 0.19 nm; this diameter increased significantly
after atorvastatin treatment to a diameter of 25.366 0.21 nm
(n 5 20, P , .005). Although both diameters fall within the
range for small, dense LDL, atorvastatin appeared to decrease
the density of the predominant LDL isoform in addition to
giving rise to other isoforms of the intermediate and large
classification.

The distribution of mean LDL particle diameters calculated
for each patient was determined and is displayed in Fig 3. At
baseline, all patients in group A (Fig 3A) had mean LDL
particle diameters in the small, dense subclass, while patients in
group B (Fig 3B) had 6 patients in the LDL-III subclass and 4
patients in the LDL-II subclass. In group A, atorvastatin treat-
ment resulted in the shift of mean LDL particle diameter to the
more buoyant subclass, with 4 patients having a mean diameter
in LDL-II, 4 patients in the LDL-I subclass, and only 2 patients
in the LDL-III subclass. Subsequent treatment with placebo
reverted the distribution to baseline observations in which a
majority of the patients possessed a mean particle diameter
within the small, dense subclass. The initial placebo treatment
in group B resulted in a distribution consistent with baseline
observations. Atorvastatin treatment resulted in a shift of the
mean LDL particle distribution in which 4 of the patients
corresponded to the LDL-I subgroup, 3 patients possessed the
LDL-II subclass, and 3 patients exhibited the LDL-III subclass.

Effect of Atorvastatin Treatment on the Appearance of ApoB
Fragments in Plasma

Plasma levels of apoB fragments were examined by Western
blotting to determine the effect of atorvastatin treatment. The

70- to 85-kd fragment was detected in the plasma of most of the
20 patients examined. We observed another fragment, stronger
in intensity with a molecular weight of approximately 155 kd.
There was considerable variability, however, in the pattern and
abundance of apoB degradation intermediates detected in pa-
tient plasma. Examples of some representative immunoblots
are depicted in Fig 4. The data from 3 of the 20 patients
appeared to be consistent with our hypothesis. Two of the 3
patients produced strong fragments after atorvastatin treatment,
while there were no fragments detected initially (baseline). The
third patient had faint fragments at baseline that increased in
intensity after drug treatment (Fig 4A). However, in most of the
patients examined, the appearance and/or abundance of apoB
fragments was found to be independent of atorvastatin treat-
ment. Six patients had strong bands present at baseline that
disappeared after atorvastatin treatment (Fig 4B). Consistent
with this pattern, an additional patient had weak fragments
present at baseline that disappeared after treatment. Con-
versely, 3 patients possessing strong fragments at baseline
presented with weaker fragments after atorvastatin treatment
(Fig 4C). The remaining 6 patients did not exhibit any changes
in fragmentation pattern. Four of these patients did not have
any fragments at baseline, 1 had strong fragments present, and
2 others had weak fragments present (Fig 4D).

DISCUSSION

Therapeutic treatment of diabetic dyslipidemia, namely by
fibrates, statins, or both, has been the focus of debate.1,2 A
study in patients with diabetic dyslipidemia comparing lova-
statin with gemfibrozil indicated that lovastatin was signifi-
cantly more effective in lowering total cholesterol, LDL, LDL:
HDL ratio, and directly measured LDL:HDL than gemfibrozil.7

A study by Paolisso et al24 in dyslipidemic, non–insulin-depen-
dent diabetic patients, indicated that atorvastatin was more
potent than simvastatin in lowering TG levels. Thus, extrapo-
lating these data to our current study, atorvastatin may be
expected to be very effective in the primary and secondary
preventions of coronary heart disease (CHD) in patients with
combined dyslipidemia and impaired fasting glucose or type 2
diabetes.

Atorvastatin decreased plasma cholesterol, LDL cholesterol,
apoB, TG, and the total cholesterol to HDL cholesterol ratio by
41%, 55%, 40%, 32%, and 42%, respectively, in our group of
patients, consistent with published reports of the efficacy of this
drug in hyperlipidemic patients without evidence of diabe-
tes.25,26 C-peptide levels decreased significantly in response to
atorvastatin treatment (n5 20,P , .05). This might indicate a
decrease in insulin production potentially due to an increase in
insulin sensitivity. This was unexpected, as statins are not
thought to be insulin sensitizers. A recent report indicates that
pravastatin therapy reduced the risk of developing diabetes in
post hoc analysis of patients in the West of Scotland Coronary
Prevention Study (WOSCOPS).27 A study comparing atorva-
statin to simvastatin found that both drugs improved insulin
resistance, as determined by the HOMA index and that changes
in TG were positively correlated with changes in the HOMA
index.24 We assessed insulin resistance in our patients before
and after atorvastatin treatment using HOMA. In contrast to
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Paolisso et al,24 we did not observe a significant difference in
the HOMA score in response to atorvastatin treatment. How-
ever, we did confirm that these patients were, in fact, insulin

Fig 2. Determination of mean LDL particle diameter. LDL particle

species were determined after electrophoresis of whole plasma sam-

ples on 2.5% to 15% nondenaturing polyacrylamide gradient gels that

were subsequently stained with Oil Red O. LDL particle diameter for

each isoform was estimated from a calibration curve of latex beads and

proteins of known particle diameter. A diameter was assigned to each

isoform detected for each patient. A mean LDL particle diameter was

then calculated for each patient. (A) The mean particle diameter

Fig 3. Distribution of within-patient mean particle diameter in

different LDL subclasses. LDL particle diameters were classified into

3 subgroups using previously described intervals used to define LDL

subclasses. Large LDL (LDL-I) particles had a diameter greater than

26.8 nm, intermediate LDL particles (LDL-II) had a diameter of > 26.0

nm and > 26.8 nm, and small, dense LDL (LDL-III) was less than 26.0

nm. Mean LDL particle diameter was calculated for LDL isoforms

detected in each patient, and each patient was then classified into

the 3 subgroups. (A) Distribution of mean LDL particle diameters

detected in patients from treatment group A at baseline, after ator-

vastatin treatment, and after placebo treatment. (B) Distribution of

mean LDL particle diameters detected in patients from treatment

group B at baseline, after placebo, and after treatment with atorva-

statin.

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™

was determined for patients in treatment group A at baseline, after

60 days of treatment with atorvastatin, and after placebo treatment.

(B) The mean LDL particle diameter was determined for patients in

treatment group B at baseline, after 60 days of placebo treatment,

and after atorvastatin treatment. (C) Effect of atorvastatin on mean

LDL particle diameter in the amalgamated patient group (n 5 20,

mean 6 SEM). (D) Effect of atorvastatin on the predominant LDL

isoform detected in the amalgamated patient group (n 5 20, mean 6

SEM).
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resistant, as calculated HOMA scores were within the range of
those determined in diabetic patients.28 Thus, atorvastatin did
not appear to impact insulin sensitivity in our group of patients.
Further studies with longer treatment periods and more patients
may provide more insight into this possibility.

Previous studies have investigated the role of statins and/or
fibrates on small, dense LDL in patients with familial combined
hyperlipidemia (FCHL).29-33 A study in FCHL patients deter-
mined that atorvastatin treatment significantly reduced all ma-
jor LDL subspecies including light, intermediate, and dense
LDL levels, and that the reduction of absolute lipoprotein mass
was preponderant in the dense LDL subspecies.34 A recent
study comparing the efficacy of atorvastatin versus fenofibrate
on LDL subfraction distribution in type 2 diabetic patients
determined that atorvastatin treatment decreased all LDL sub-
fractions, but did not change LDL subtype distribution.9 The
study also determined that fenofibrate treatment resulted in a
significant decrease in TG and induced a shift in the LDL
distribution from small, dense LDL to intermediate dense LDL.

With respect to LDL particle size in our study, atorvasta-
tin treatment was accompanied by an increase in the mean
LDL particle diameter from 25.296 0.24 nm to 26.516
0.18 nm, which suggests that all circulating LDL subclasses
were reduced. Similar results of the effect of atorvastatin
treatment on LDL subclasses were reported in FCHL pa-
tients34 and more recently in type 2 diabetic patients.9 How-
ever, our study is the first to associate atorvastatin treatment
with the improvement of abnormal LDL particle distribu-
tion, as we observed an effective shift in LDL subclass from
predominantly LDL-III classification to LDL-I and LDL-II.
This may be due to the significant (32%) decrease in TG
levels observed in our patients after atorvastatin treatment.
The combination of these changes, coupled with a 40%
decrease in plasma apoB, the latter representing a reduction
in the number of circulating LDL particles, may contribute
substantially to a decrease in the risk of cardiovascular
complications in patients with combined dyslipidemia and

impaired fasting glucose or type 2 diabetes. However, the
contribution of increasing LDL particle diameter in reducing
coronary incidence or coronary events has not yet been
established. Based on results from fibrate trials, the reduc-
tion of coronary events with fibrate treatment far exceeds
what one would have predicted from a decrease in LDL
cholesterol alone; the difference was partially attributed to
the effects of lowering serum TG levels.35,36 We postulate
that the decrease in circulating LDL particles may be due to
decreased assembly and secretion of apoB-containing parti-
cles, such as very–low-density lipoprotein (VLDL) from the
liver in addition to increased removal of apoB-containing
lipoproteins via LDL receptor-mediated uptake. In vitro
studies in the human hepatoma cell line, HepG2, indicated
that atorvastatin decreased secretion of apoB-containing li-
poproteins by inhibiting cholesterol synthesis and increasing
intracellular degradation of apoB.37

We did not find any significant correlation between the
changes in the mean LDL particle diameter with the changes in
plasma TG, LDL cholesterol, apoB, or total cholesterol-to-
HDL cholesterol ratio. The absence of correlation between the
decrease in plasma TG and the increase in mean LDL particle
diameter may be due to the small sample size. Conversely, it is
conceivable that atorvastatin may also exert effects beyond TG
lowering that have direct effects on LDL particle size.

Evaluation of the plasma levels of the 70- to 85-kd frag-
ment did not correlate with the effects of atorvastatin treat-
ment in our patient group. Previous studies have detected a
70-kd fragment that originates from the N-terminal domain
of apoB.16,38 The 70- to 85-kd fragment appears to accumu-
late in the plasma of patients with homozygous abetalipopro-
teinemia, a disease caused by genetic mutations in the gene
for microsomal TG transfer protein.39 In HepG2 cells, ator-
vastatin treatment results in decreased translocation of apoB
across the endoplasmic reticulum and results in increased
intracellular degradation of apoB.37 Thus, we initially hy-
pothesized that atorvastatin would induce intrahepatic deg-

Fig 4. Immunoblot analysis of apoB degradation

fragments in plasma of patients. Plasma levels of apoB

degradation fragments were visualized by chemilumi-

nescent immunoblotting with antihuman apoB anti-

body. Shown are blots of 4 representative patients from

both treatment groups A (atorvastatin after baseline)

and B (placebo after baseline) exhibiting diverse frag-

mentation patterns in response to statin therapy. (A)

Shows a blot of 1 patient (of 3) in treatment group A. (B)

Shows a representative blot of 1 patient (of 6) in treat-

ment group B. (C) Shows a blot of 1 patient (of 3) in

treatment group A. (D) Shows a blot of 1 patient (of 2) in

treatment group A.
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radation and result in the presence of specific apoB degra-
dation fragments in plasma. However, it was rather
unexpected that the fragment was present in a significant
proportion of patients at baseline, prior to the initiation of
atorvastatin therapy. Thus, the appearance and/or abundance
of specific apoB fragments cannot be used reliably as a

marker for the extent of intrahepatic degradation of apoB in
patients undergoing hypolipidemic therapy.

ACKNOWLEDGMENT

We gratefully acknowledge the critical review of the manuscript by
Dr Gary F. Lewis, University of Toronto.

REFERENCES

1. Farnier M, Picard S: Diabetes: Statins, fibrates, or both? Curr
Atheroscler Rep 3:19-28, 2001

2. Betteridge DJ, Colhoun H, Armitage J: Status report of lipid-
lowering trials in diabetes. Curr Opin Lipidol 11:621-626, 2000

3. Hernandez-Mijares A, Lluch I, Vizcarra E, et al: Ciprofibrate
effects on carbohydrate and lipid metabolism in type 2 diabetes mel-
litus subjects. Nutr Metab Cardiovasc Dis 10:1-6, 2000

4. Insull W, Kafonek S, Goldner D, et al: Comparison of efficacy
and safety of atorvastatin (10mg) with simvastatin (10mg) at six weeks.
ASSET Investigators. Am J Cardiol 87:554-559, 2001

5. Gentile S, Turco S, Guarino G, et al: Comparative efficacy study
of atorvastatin vs simvastatin, pravastatin, lovastatin and placebo in
type 2 diabetic patients with hypercholesterolaemia. Diabetes Obes
Metab 2:355-362, 2000

6. Velussi M, Cernigoi AM, Tortul C, et al: Atorvastatin for the
management of type 2 diabetic patients with dyslipidaemia. A mid-term
(9 months) treatment experience. Diabetes Nutr Metab 12:407-412,
1999

7. Bell DS: A comparison of lovastatin, an HMG-CoA reductase
inhibitor, with gemfibrozil, a fibrinic acid derivative, in the treatment of
patients with diabetic dyslipidemia. Clin Ther 17:901-910, 1995

8. Blumenthal RS: Statins: Effective antiatherosclerotic therapy.
Am Heart J 139:577-583, 2000

9. Frost RJ, Otto C, Geiss HC, et al: Effects of atorvastatin versus
fenofibrate on lipoprotein profiles, low-density lipoprotein subfraction
distribution, and hemorheologic parameters in type 2 diabetes mellitus
with mixed hyperlipoproteinemia. Am J Cardiol 87:44-48, 2001

10. Marais AD: Therapeutic modulation of low-density lipoprotein
size. Curr Opin Lipidol 11:597-602, 2000

11. Kreisberg RA: Diabetic dyslipidemia. Am J Cardiol 82:67U-
73U; discussion 85U-86U, 1998

12. Maron DJ, Fazio S, Linton MF: Current perspectives on statins.
Circulation 101:207-213, 2000

13. Safeer RS, Lacivita CL: Choosing drug therapy for patients with
hyperlipidemia [In Process Citation]. Am Fam Physician 61:3371-
3382, 2000

14. Haffner SM, Alexander CM, Cook TJ, et al: Reduced coronary
events in simvastatin-treated patients with coronary heart disease and
diabetes or impaired fasting glucose levels: Subgroup analyses in the
Scandinavian Simvastatin Survival Study [see comments]. Arch Intern
Med 159:2661-2667, 1999

15. Sacks FM, Pfeffer MA, Moye LA, et al: The effect of pravasta-
tin on coronary events after myocardial infarction in patients with
average cholesterol levels. Cholesterol and Recurrent Events Trial
investigators [see comments]. N Engl J Med 335:1001-1009, 1996

16. Adeli K: Regulated intracellular degradation of apolipoprotein B
in semipermeable HepG2 cells. J Biol Chem 269:9166-9175, 1994

17. Macri J, Adeli K: Studies on intracellular translocation of apo-
lipoprotein B in a permeabilized HepG2 system. J Biol Chem 272:
7328-7337, 1997

18. Report of the Expert Committee on the Diagnosis and Classifi-
cation of Diabetes Mellitus: Diabetes Care 20:1183-1197, 1997

19. Matthews DR, Hosker JP, Rudenski AS, et al: Homeostasis
model assessment: Insulin resistance and beta-cell function from fast-
ing plasma glucose and insulin concentrations in man. Diabetologia
28:412-419, 1985

20. Krauss RM, Burke DJ: Identification of multiple subclasses of
plasma low density lipoproteins in normal humans. J Lipid Res 23:97-
104, 1982

21. Nichols AV, Krauss RM, Musliner TA: Nondenaturing poly-
acrylamide gradient gel electrophoresis. Methods Enzymol 128:417-
431, 1986

22. Krauss RM: Relationship of intermediate and low-density li-
poprotein subspecies to risk of coronary artery disease. Am Heart J
113:578-582, 1987

23. Campos H, Roederer GO, Lussier-Cacan S, et al: Predominance
of large LDL and reduced HDL2 cholesterol in normolipidemic men
with coronary artery disease. Arterioscler Thromb Vasc Biol 15:1043-
1048, 1995

24. Paolisso G, Barbagallo M, Petrella G, et al: Effects of simva-
statin and atorvastatin administration on insulin resistance and respi-
ratory quotient in aged dyslipidemic non-insulin dependent diabetic
patients. Atherosclerosis 150:121-127, 2000

25. Brown AS, Bakker-Arkema RG, Yellen L, et al: Treating pa-
tients with documented atherosclerosis to National Cholesterol Educa-
tion Program-recommended low-density-lipoprotein cholesterol goals
with atorvastatin, fluvastatin, lovastatin and simvastatin. J Am Coll
Cardiol 32:665-672, 1998

26. Heinonen TM, Stein E, Weiss SR, et al: The lipid-lowering
effects of atorvastatin, a new HMG-CoA reductase inhibitor: Results of
a randomized, double-masked study. Clin Ther 18:853-863, 1996

27. Freeman DJ, Norrie J, Sattar N, et al: Pravastatin and the
development of diabetes mellitus: Evidence for a protective treatment
effect in the West of Scotland Coronary Prevention Study. Circulation
103:357-362, 2001

28. Bonora E, Targher G, Alberiche M, et al: Homeostasis model
assessment closely mirrors the glucose clamp technique in the assess-
ment of insulin sensitivity: Studies in subjects with various degrees of
glucose tolerance and insulin sensitivity. Diabetes Care 23:57-63, 2000

29. Bredie SJ, de Bruin TW, Demacker PN, et al: Comparison of
gemfibrozil versus simvastatin in familial combined hyperlipidemia
and effects on apolipoprotein-B-containing lipoproteins, low-density
lipoprotein subfraction profile, and low-density lipoprotein oxidizabil-
ity. Am J Cardiol 75:348-353, 1995

30. Kontopoulos AG, Athyros VG, Papageorgiou AA, et al: Effects
of simvastatin and ciprofibrate alone and in combination on lipid
profile, plasma fibrinogen and low density lipoprotein particle structure
and distribution in patients with familial combined hyperlipidaemia and
coronary artery disease. Coron Artery Dis 7:843-850, 1996

31. Franceschini G, Cassinotti M, Vecchio G, et al: Pravastatin
effectively lowers LDL cholesterol in familial combined hyperlipid-
emia without changing LDL subclass pattern. Arterioscler Thromb
Vasc Biol 14:1569-1575, 1994

32. Zambon S, Cortella A, Sartore G, et al: Pravastatin treatment in
combined hyperlipidaemia. Effect on plasma lipoprotein levels and
size. Eur J Clin Pharmacol 46:221-224, 1994

33. Yuan JN, Tsai MY, Hegland J, et al: Effects of fluvastatin (XU
62-320), an HMG-CoA reductase inhibitor, on the distribution and
composition of low density lipoprotein subspecies in humans. Athero-
sclerosis 87:147-157, 1991

34. Guerin M, Lassel TS, Le Goff W, et al: Action of atorvastatin in
combined hyperlipidemia: Preferential reduction of cholesteryl ester

341ATORVASTATIN TREATMENT INCREASES LDL PARTICLE DIAMETER



transfer from HDL to VLDL1 particles. Arterioscler Thromb Vasc Biol
20:189-197, 2000

35. Choice of lipid-regulating drugs. Med Lett Drugs Ther 43:43-48,
2001

36. Rubins HB, Robins SJ, Collins D, et al: Gemfibrozil for the
secondary prevention of coronary heart disease in men with low levels
of high-density lipoprotein cholesterol. Veterans Affairs High-Density
Lipoprotein Cholesterol Intervention Trial Study Group. N Engl J Med
341:410-418, 1999

37. Mohammadi A, Macri J, Newton R, et al: Effects of ator-

vastatin on the intracellular stability and secretion of apolipopro-
tein B in HepG2 cells. Arterioscler Thromb Vasc Biol 18:783-793,
1998

38. Sallach SM, Adeli K: Intracellular degradation of apolipoprotein
B generates an N-terminal 70 kDa fragment in the endoplasmic retic-
ulum [published erratum appears in Biochim Biophys Acta 1267:73,
1995]. Biochim Biophys Acta 1265:29-32, 1995

39. Du EZ, Wang SL, Kayden HJ, et al: Translocation of apoli-
poprotein B across the endoplasmic reticulum is blocked in abetali-
poproteinemia. J Lipid Res 37:1309-1315, 1996

342 PONTRELLI ET AL


