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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 (HMIG-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 + 0.24 nm (small, dense LDL subclass) to 26.51 +
0.18 nm (intermediate LDL subclass) after treatment with atorvastatin (n = 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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HE HIGHLY ATHEROGENIC dyslipidemia associated fibrate has been suggested to contribute to the shift from the

with insulin resistance, impaired fasting glucose, andsmall, dense LDL particle subtype to the more buoyant particle
type 2 diabetes mellitus is characterized by elevated plasmaubtype?
concentrations of triglycerides (TG), low concentrations of LDL cholesterol lowering in diabetic patients has been sug-
high-density lipoprotein (HDL) cholesterol, and the predomi- gested to be a priority in improvement of the dyslipidemia
nance of small, dense low-density lipoprotein (LDL) particles. observed in these patiert#&3-Hydroxy-3-methyl-glutaryl co-
First-line treatment of diabetic dyslipidemia has been the subenzyme A (HMG-CoA) reductase inhibitors, such as statins,
ject of debate in recent literatuté. Studies have assessed the effectively lower plasma levels of LDL cholesterol, reduce
efficacy of fibric acid derivatived,statins}¢ and even com- coronary events and overall mortality, and are currently the
pared statins with fibrat€’s? Fibrates effectively lower TG drug of choice in treating patients with hyperlipiderfit
levels, increase HDL cholesterol, increase LDL particle diam-Statins have also been shown to exert positive effects in pa-
eter, and cause a shift in the distribution of LDL subtypes;tients with type 2 diabetes. A subgroup of type 2 diabetic
however, fibrates do not lower LDL cholesterol levels. Statinspatients in the Scandinavian Survival Study and in the Choles-
effectively lower LDL cholesterol, total cholesterol, apoli- terol and Recurrent Events (CARE) trial exhibited significant
poprotein B (apoB), and reduce all LDL subtypes, but they doreductions in the incidence of major coronary events as a result
not induce a shift in the LDL subtype distributiéfHypertri-  of drug therapy:415 Studies comparing different statins deter-
glyceridemia alters lipoproteins and leads to the formation ofmined that atorvastatin effectively decreased TG, LDL choles-
small, dense LDL particlest The TG lowering effect of feno-  terol, apoB, and total cholesterol in patients with mixed dys-
lipidemia with and without type 2 diabeteand in type 2
diabetics with hypercholesterolentidVe, therefore, examined
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tined for degradation in the cell. We hypothesized that inmined on an automatic analyzer (Hitachi 705, San Jose, CA). LDL
patients treated with atorvastatin, intrahepatic apoB degrada;holesterol was calculated from the Friedewald formula. LDL choles-
tion may be enhanced, resulting in an increased formation oferol was not calculated for patients with TG levels greater than 4.5
the 70- to 85-kd apoB fragment and thus an elevation in thgnmol/L, as the formula is invalid for TG levels in this range.
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, C-peptide, insulin, and free fatty acid levels were measured
apoB-containing lipoproteins and the plasma levels of smallffom serum samples. ApoB was measured by immunonephelometric
dense LDL particles in patients with combined dyslipidemia 2nalysis performed on a Dade Behring (Mississauga, Canada) BNII
and impaired fasting glucose or type 2 diabetes. Our secondar stem using antisera to apoB. C-peptide levels were determined on an

biecti to det ine the effects of at tati th munlite (DPC; Intermedical Ltd, West Malling, UK) instrument
objective was 1o determine the efiects ot atorvastatin on sing a chemiluminescent competitive immunoassay. Insulin was de-

appearance of the 70- to 85-kd apoB fragment in plasma beforf‘ermined using a solid phase, 2-site chemiluminescent enzyme-labeled

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

and after therapy. immunometric assay on an Immunlite instrument (no cross-reactivity
with proinsulin, C-peptide, or glucagon in this insulin assay). Free fatty
MATERIALS AND METHODS acid levels were measured using an enzymatic assay kit (Wako Chem-
Study Design ic:li, Richmond, VA) on a Cobas Mira analyzer (Roche, Laval, Can-
ada).

Twenty patients with either impaired fasting glucose (IFG) or type 2

diabetes as per American Diabetes Association (ADA) criteria wereHomeostasis Model Assessment of Insulin Resistance
enrolled in the study. Criteria defining the condition were as follows: . . . ) .
plasma TG greater than 2.5 mmoliL, HDL cholesterol less than 0.9 We ass_essed insulin res_lstance in these papents before and after
mmol/L for men and less than 1.1 mmol/L for women, total cholesterol/ &t0rvastatin - treatment using the homeostasis model assessment
HDL cholesterol ratio greater than 5, IFG or type 2 diabetes melfiftus, (HOMA)_ or|g‘|nally_descr|bed b}’_ Matthews et #.This met_hod cal- .
and/or hypertension. Patients signed informed consent, and a fuﬁ;ulates: msglm r_esstance/sensnlwty base_d on matheme}ncal modeling
medical history and physical examination was obtained from eactPf fasting insulin and glucose levels using the following formula:
patient. The protocol of this study was approved by the Windsorasting serum insuling(U/mL) X fasting plasma glucose (mmol/L)/
Human Research and Ethics Committee. The exclusion criteria were -~
follows: (1) hypersensitivity to HMG-CoA reductase inhibitors, (2) . .
concomitant use of erythromycin or macrolide antibiotics, cyclosporin, LDL Particle Diameter
azole antifungals, trazodone, systemic steroids other than oral contra- Diameter of LDL particles in whole plasma was assessed by non-
ceptives, or hormone replacement therapy, (3) pregnancy or breasttenaturing polyacrylamide gradient gel electrophoresis (2.5% to 15%)
feeding, (4) type 1 diabetes, (5) thyrotropin (TSH) above 5.5 mU/mL, using previously described meth@@lat with some minor modifica-
(6) aspartate transaminase (AST) greater than twice the upper limits ofions. Ten microliters of plasma was subjected to electrophoresis after
normal, (7) creatine kinase (CK) greater than 3 times the upper limitsadjustment to 25% sucrose with a stock solution of 40% sucrose.
of normal, and (8) alcohol consumption of greater than 14 drinks/week Gradient gels were prerun for 15 minutes at 125 V. Samples and protein
Patients followed a low-fat and low-cholesterol Canadian Diabetesstandards were loaded and gels were then run for 15 minutes at 20 V,
Association (CDA)-approved diet and were all monitored by a dieti- 15 minutes at 70 V, and finally at 150 V for an additional 30 hours at
cian. All lipid-lowering agents were discontinued for 8 weeks for 4°C. Two and a half microliters of a suspension of carboxylated latex
patients who were eligible to participate in the study. After this period, beads (diluted 10-fold to 0.1 to 0.105 g/cc) was added to the protein
baseline measurements of fasting plasma glucose, glycohemoglobitandard lane 2 hours after the initiation of electrophoresis to prevent
CK, AST, total cholesterol, apoB, TG, nonesterified fatty acids the binding of the marker proteins to the beads. Alternatively, latex
(NEFA), HDL cholesterol, LDL cholesterol, insulin, C-peptide, LDL beads were loaded in a separate lane. After electrophoresis, gels were
particle size, and apoB fragments were obtained. Baseline measurgtained overnight in 0.04% Oil Red O in 60% ethanol and were
ments were evaluated to determine whether each patient fulfilled thejestained in 10% acetic acid. Protein markers were selectively stained
inclusion/exclusion criteria to continue in the treatment phase of thewith 0.05% Coomassie R-250 in 50% methanol, 10% acetic acid by
study. Twenty patients matching the criteria were then randomized insoaking a narrow piece of filter paper and placing it over the appro-
a double-blinded manner into 2 treatment groups. Group A receivecpriate lane. The distribution of LDL isoforms for each patient was
atorvastatin (80 mg) daily and group B received placebo for 60 days. Aidetermined by measuring the migration distance of each LDL band
the end of this period, blood samples were drawn from each patientobserved. Diameters were assigned to each LDL band by extrapolation
and repeat measurements were performed. After this initial treatmengn a standard curve of migration distances measured for proteins of
period, the treatment regimes then crossed over with group A receivingnown particle diameter and from carboxylated latex beads (38 nm,
placebo and group B receiving atorvastatin (80 mg) daily for 60 days.Duke Scientific, Palo Alto, CA). The protein standards used included
At the end of this second treatment period, all parameters describe¢hyroglobulin (17 nm), ferritin (12.2 nm), and catalase (10.2 nm) (High
above were remeasured. At each visit, patients were evaluated foyiolecular Weight Calibration Kit, Pharmacia Biotech, Baie d'Urfe
adverse events. All patients completed the study except for 1 patient iTanada). Intensities of the LDL subclasses were determined by densi-
Group A who moved out of town after the second treatment period. tometric analysis of each LDL band. Gels were scanned with the Kodak
(Rochester, NY) Digital Science 1D Gel Documentation System using
Measurement of Biochemical Analytes a 530 nm filter, which detects the Oil Red O stain. Net band intensity

Patient blood samples were drawn after a 12-hour fast into tube%Nas determined for each LDL isoform observed.

containing EDTA. Blood was centrifuged, and plasma/serum was sep- L .
arated immediately and analyzed. The remaining samples were refrigDetermlnatlon of Plasma ApoB Degradation Fragments

erated or frozen for long-term storage. Glucose, glycohemoglobin, CK, Plasma samples were subjected to chemiluminescent immunoblot-
AST, total cholesterol, HDL cholesterol, and TG levels were deter-ting for determination of apoB degradation fragments. Plasma was
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diluted 10-fold and was resolved on a 7% sodium dodecy! sulfate-metabolite calculated for each part of the study, namely, base-
polyacrylamide gel electrophoresis (SDS-PAGE) mini-gel. Resolvediine, atorvastatin treatment, and placebo. Treatment with ator-
apoB degradation fragments were transferred electrophoretically onto g5statin resulted in a statistically significant 40% reduction in

nitrocellulose membrane (Amersham Pharmacia) overnight using %poB (n=10,P < .005), a 38.9% reduction in total cholesterol
Bio-Rad (Mississauga, Canada) Wet Transfer System. The primary, ~ ' i L N
antibody used to detect the apoB fragments was a goat antihuman apé@1 ; ;‘Oég(; rggﬁl’“inss"{o IieD?_uf:tf:c())TeI:teTrSI (:Zvle?’spér: éofj('))r'

0

polyclonal antibody (Genzyme, Mississauga, Canada). The secondag . .
antibody was an antigoat immunoglobulin G (IgG) peroxidase conjugatd?@seline and atorvastatin treatmeft, < .005; note: LDL

(Sigma, St Louis, MO). Membranes were treated with ECL detectionCholesterol could not be calculated for patients with TG levels
reagents and were exposed to Hyperfilm (Amersham Pharmacia). Densijireater than 4.5 mmol/L, thus n values vary for this group).
tometric scans of the immunoblots were performed to quantify the frag-HDL cholesterol levels significantly decreased after placebo
ments present. Fragment sizes were estimated from the position of molegregtment (n= 10, P = .007), suggesting that atorvastatin
ular weight markers (Rainbow marker from Amersham Life Science).  {raatment may have maintained or slightly increased HDL
levels. Plasma C-peptide levels decreased, although not signif-
o o ) ] ~icantly, following atorvastatin treatment, suggesting a trend
Statistical significance was calculated by performing 2-tailed palredtowl,jl,dS a reduction in the insulin production rate; this decrease
Student’st test analysis. Pearson’s correlation test was used for asses%\—/aS maintained after the second treatment or 'Iacebo eriod
ment of correlation between continuous variables. Differences were ) . L . . P P '
considered significant I values were= .05. All P values are 2-tailed. Glucose/insulin and the C-PeptIQellnsulln ratios were also Call'
culated. The glucose/insulin ratio decreased after atorvastatin

RESULTS treatment, but did not reach statistical significance. The C-
Eight women and 12 men were enrolled in the study. ThePeptide/insulin ratio decreased significantly after atorvastatin
mean age of the study participants was 59.4 years. The medfeatment (n= 10, P < .05).
body mass index (BMI) at the start of the study was 35.6 and 1 he trends observed over the course of the study for group B
was unchanged at the end of the study. Fifteen patients wergplacebo treatment after baseline) are presented in Table 1. The
hypertensive, dyslipidemic, and diabetic, 4 patients had diabeMean values for each parameter displayed describe the mea-
tes and dyslipidemia, and 1 patient had impaired fasting glusurements obtained at baseline, after placebo treatment, and
cose and dyslipidemia. Among the patients with diabetes melafter atorvastatin treatment. As expected, the parameters mea-
litus, 7 were on diet and oral hypoglycemic agents, 3 were orsured did not significantly change following placebo treatment.
diet and insulin therapy, and 9 were on diet, insulin therapy,Following treatment with atorvastatin, patients in group B
and oral hypoglycemic agents. Baseline measurements of fasgxhibited a statistically significant 40% decrease in apoB:(n
ing plasma glucose, cholesterol, apoB, TG, NEFA, HDL cho-10,P <.005), a 43% decrease in total cholesterok(a0,P <
lesterol, LDL cholesterol, insulin, and C-peptide levels were.005), a 29% decrease in TG (n 10, P < .005), and a 61%
obtained after a 60-day wash out period. These parameters wegtecrease in LDL cholesterol levels ¢a 8 for placebo mea-
remeasured at the end of the first treatment period and again aurement and i 9 for atorvastatin treatmert, < .005; note:
the end of the study. LDL cholesterol could not be calculated for patients with TG
Plasma levels of various lipid and metabolic parameterdevels greater than 4.5 mmol/L, thus n values vary for this
measured over the course of the study for group A (patientgroup).
treated with atorvastatin after baseline) are summarized in To generate a larger sample size, the 2 groups were amal-
Table 1. Each number represents the mean value for eacjamated according to treatment regime. Thus, baseline mea-

Statistical Analysis

Table 1. Mean Values of Metabolites Measured

Group A Group B

Metabolite Baseline Atorvastatin Placebo Baseline Placebo Atorvastatin
Total cholesterol (mmol/L) 6.60 = 0.51 4.03 + 0.29*% 6.64 + 0.54 5.97 + 0.37 6.08 + 0.27 3.48 + 0.18*
TG (mmol/L) 3.44 = 0.68 2.23 = 0.361 4.48 = 1.11 4.95 = 1.29 417 £ 0.71 2.97 = 0.79*
LDL cholesterol (mmol/L) 4.08 = 0.43 2.04 = 0.26* 4.13 = 0.62 3.74 £ 0.32 3.94 £ 0.21 1.65 = 0.21*
HDL cholesterol (mmol/L) 0.89 = 0.04 0.94 = 0.03 0.83 £ 0.03 0.81 £ 0.07 0.84 = 0.07 0.82 = 0.08
Total cholesterol/HDL cholesterol ratio 7.48 = 0.65 4.29 + 0.30* 8.17 £ 0.75 7.92 = 0.88 7.47 = 0.48 4.58 + 0.52*
ApoB (g/L) 1.24 = 0.07 0.74 = 0.05* 1.36 = 0.10 1.13 = 0.08 1.19 = 0.07 0.72 = 0.06*
Free fatty acids (mmol/L) 0.68 = 0.07 0.61 = 0.08 0.59 * 0.07 0.67 = 0.07 0.67 = 0.08 0.58 = 0.06
Glucose (mmol/L) 7.99 = 0.49 7.76 = 0.66 9.29 = 0.79 9.31 = 1.03 8.99 = 0.79 9.33 £ 1.11
Insulin (pmol/L) 202.7 =+ 52.5 232.9 = 50.2 197.7 = 35.8 332.5 +143.5 336.3 = 114.6 316.3 = 99.7
C-peptide (ng/mL) 3.45 = 0.45 2.69 = 0.40 2.33 £0.29 3.88 £ 0.51 3.75 £ 0.75 3.39 = 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 =
SEM.

*P < .005.

tP < .05.
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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 = 20, mean + 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.

surements for group A were combined with placebo measuresignificant reduction in the ratio of total cholesterol/HDL cho-
ments for group B (because these were the measurements thasterol in response to atorvastatin treatment=r20, P <
directly preceded the initiation of atorvastatin). It is noteworthy .005). HDL cholesterol was not significantly affected by ator-
to mention that the limitation of such a practice is that bothvastatin treatment; this may be due to the small sample size of
groups had different drug-free intervals prior to drug therapy,our study. Grouped C-peptide levels were significantly reduced
which may potentially result in unanticipated effects. However, after atorvastatin treatment ¢a 20, P < .05).
in many clinical studies, an 8-week wash out period is sufficient
to eliminate any residual drug effects. Amalgamating baselingHOMA of Insulin Resistance
Ieyels (group_A) with placebo levels from group B is based on At baseline, the HOMA score calculated was 13:2%.26.
this assumption, because both groups had at least an 8-we% . . L
. o orvastatin treatment did not significantly change the HOMA
wash out period; thus, it is assumed that levels from both . .
ST score (13.59+ 9.93). Thus, it appears that statin therapy does
groups would represent baseline lipid levels. Furthermore, sta- ) ; . . L .
. . . not affect insulin resistance in our study (note: insulin values
tistical analysis showed that baseline levels from group A were . : .
S . were obtained using an assay that does not cross-react with
not significantly different from placebo levels (group B). Ac- roinsulin, C-peptide, or glucagon)
cordingly, levels measured after 60 days of treatment Withp » -peplide, org gon).
atorvastatin from group A were combined with drug treatment ) . )
levels measured from group B. Graphic representation of thé=1€ct Of Atorvastatin on LDL Particle Diameter
grouped results for each metabolite is summarized in Fig 1. LDL particle diameter was classified by size into 3 different
Atorvastatin treatment significantly reduced apoB, total choles-subgroups using previously described inter?&i33LDL-| rep-
terol, TG, and LDL cholesterol by 40%, 41%, 32%, and 55%, resents the large LDL particle group having a diameter greater
respectively (for apoB, TG, and total cholesterok=r20, P < than 26.8 nm, LDL-II represents the intermediate group having
.005; for LDL cholesterol: n= 17 for baseline, n= 18 for a diameter= 26.0 nm and= 26.8 nm, and LDL-Ill represents
atorvastatin group; note: LDL cholesterol could not be calcu-the small, dense LDL subclass, which describes LDL particles
lated for patients with TG levels greater than 4.5 mmol/L, thusless than 26.0 nm in diameter.
n values vary for this group). There was a 42% statistically Atorvastatin treatment resulted in a statistically significant
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increase in mean particle diameter calculated for subjects i70- to 85-kd fragment was detected in the plasma of most of the
group A. Figure 2A depicts the change in mean LDL particle 20 patients examined. We observed another fragment, stronger
diameter over the course of the study. At baseline, the meain intensity with a molecular weight of approximately 155 kd.
particle diameter was determined to be 24198.26 nm, which ~ There was considerable variability, however, in the pattern and
falls within the small, dense LDL subclass. This mean diameteabundance of apoB degradation intermediates detected in pa-
increased significantly (& 10, P <.005) to 26.64+ 0.21 nm, tient plasma. Examples of some representative immunoblots
which falls within the intermediate LDL size range, in responseare depicted in Fig 4. The data from 3 of the 20 patients
to atorvastatin treatment. After placebo treatment, the meamppeared to be consistent with our hypothesis. Two of the 3
LDL particle diameter was reduced to a diameter of 2485 patients produced strong fragments after atorvastatin treatment,
0.31 nm and thus resumed small, dense LDL classificationwhile there were no fragments detected initially (baseline). The
Figure 2B represents the change in mean LDL particle diametethird patient had faint fragments at baseline that increased in
for patients in group B. After atorvastatin treatment, the meanintensity after drug treatment (Fig 4A). However, in most of the
particle diameter increased from 25.600.42 nm (LDL-III patients examined, the appearance and/or abundance of apoB
subclass) to 26.4& 0.31 nm (LDL-II subclass); although this fragments was found to be independent of atorvastatin treat-
increase did not reach statistical significance, a shift fromment. Six patients had strong bands present at baseline that
LDL-IIl to LDL-Il was observed. However, amalgamating both disappeared after atorvastatin treatment (Fig 4B). Consistent
treatment groups (to generate a larger treatment group as devith this pattern, an additional patient had weak fragments
scribed above) results in an overall statistically significantpresent at baseline that disappeared after treatment. Con-
increase in mean LDL particle diameter from 2529.24 nm  versely, 3 patients possessing strong fragments at baseline
to 26.51+ 0.18 nm (n= 20, P < .005) (Fig 2C); again, this presented with weaker fragments after atorvastatin treatment
represents a shift from the small, dense LDL particle size to thgFig 4C). The remaining 6 patients did not exhibit any changes
intermediate class. Each patient possessed a distinct number of fragmentation pattern. Four of these patients did not have
LDL isoforms; on average, each patient had 2 or 3 differentany fragments at baseline, 1 had strong fragments present, and
isoforms with 1 isoform being predominant. The predominant2 others had weak fragments present (Fig 4D).
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 DISCUSSION
amalgamated group prior to and after atorvastatin treatment. Therapeutic treatment of diabetic dyslipidemia, namely by
The mean diameter of the predominant LDL subclass at basdfibrates, statins, or both, has been the focus of delrate.
line was 24.21+ 0.19 nm; this diameter increased significantly study in patients with diabetic dyslipidemia comparing lova-
after atorvastatin treatment to a diameter of 25¢23@.21 nm  statin with gemfibrozil indicated that lovastatin was signifi-
(n = 20, P < .005). Although both diameters fall within the cantly more effective in lowering total cholesterol, LDL, LDL:
range for small, dense LDL, atorvastatin appeared to decreaddDL ratio, and directly measured LDL:HDL than gemfibrozil.
the density of the predominant LDL isoform in addition to A study by Paolisso et &in dyslipidemic, non—insulin-depen-
giving rise to other isoforms of the intermediate and largedent diabetic patients, indicated that atorvastatin was more
classification. potent than simvastatin in lowering TG levels. Thus, extrapo-
The distribution of mean LDL particle diameters calculated lating these data to our current study, atorvastatin may be
for each patient was determined and is displayed in Fig 3. Atexpected to be very effective in the primary and secondary
baseline, all patients in group A (Fig 3A) had mean LDL preventions of coronary heart disease (CHD) in patients with
particle diameters in the small, dense subclass, while patients inombined dyslipidemia and impaired fasting glucose or type 2
group B (Fig 3B) had 6 patients in the LDL-IIl subclass and 4 diabetes.
patients in the LDL-II subclass. In group A, atorvastatin treat- Atorvastatin decreased plasma cholesterol, LDL cholesterol,
ment resulted in the shift of mean LDL particle diameter to theapoB, TG, and the total cholesterol to HDL cholesterol ratio by
more buoyant subclass, with 4 patients having a mean diametet1%, 55%, 40%, 32%, and 42%, respectively, in our group of
in LDL-II, 4 patients in the LDL-I subclass, and only 2 patients patients, consistent with published reports of the efficacy of this
in the LDL-1ll subclass. Subsequent treatment with placebodrug in hyperlipidemic patients without evidence of diabe-
reverted the distribution to baseline observations in which ates25.26 C-peptide levels decreased significantly in response to
majority of the patients possessed a mean particle diametetorvastatin treatment (& 20, P < .05). This might indicate a
within the small, dense subclass. The initial placebo treatmentdecrease in insulin production potentially due to an increase in
in group B resulted in a distribution consistent with baselineinsulin sensitivity. This was unexpected, as statins are not
observations. Atorvastatin treatment resulted in a shift of thethought to be insulin sensitizers. A recent report indicates that
mean LDL particle distribution in which 4 of the patients pravastatin therapy reduced the risk of developing diabetes in
corresponded to the LDL-I subgroup, 3 patients possessed thgost hoc analysis of patients in the West of Scotland Coronary
LDL-II subclass, and 3 patients exhibited the LDL-III subclass. Prevention Study (WOSCOP$).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
Plasma levels of apoB fragments were examined by Westerindex24 We assessed insulin resistance in our patients before
blotting to determine the effect of atorvastatin treatment. Theand after atorvastatin treatment using HOMA. In contrast to

Effect of Atorvastatin Treatment on the Appearance of ApoB
Fragments in Plasma
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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
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D *<0.005 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
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"*E‘1l the HOMA score in response to atorvastatin treatment. How-
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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 = 20,
mean += SEM). (D) Effect of atorvastatin on the predominant LDL
isoform detected in the amalgamated patient group (n = 20, mean =
SEM).
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Fig 4. Immunoblot analysis of apoB degradation
fragments in plasma of patients. Plasma levels of apoB
(] Chita D degradation fragments were visualized by chemilumi-
== .' '.‘_(3908100] - ﬂ’! “4—;:::3;;, nescent immunoblotting with antihuman apoB anti-
- IR 'y body. Shown are blots of 4 representative patients from
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" 4— B0 kDa — 80 kDa 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
Baseline Atorvastatin Placebo Baseline Aforvastatin  Placebo treatment group A. (D) Shows a blot of 1 patient (of 2) in
treatment group A.

resistant, as calculated HOMA scores were within the range ofmpaired fasting glucose or type 2 diabetes. However, the
those determined in diabetic patieA®sThus, atorvastatin did contribution of increasing LDL particle diameter in reducing
not appear to impact insulin sensitivity in our group of patients.coronary incidence or coronary events has not yet been
Further studies with longer treatment periods and more patientsstablished. Based on results from fibrate trials, the reduc-
may provide more insight into this possibility. tion of coronary events with fibrate treatment far exceeds
Previous studies have investigated the role of statins and/owhat one would have predicted from a decrease in LDL
fibrates on small, dense LDL in patients with familial combined cholesterol alone; the difference was partially attributed to
hyperlipidemia (FCHL}®-33 A study in FCHL patients deter- the effects of lowering serum TG leveis36 We postulate
mined that atorvastatin treatment significantly reduced all mathat the decrease in circulating LDL particles may be due to
jor LDL subspecies including light, intermediate, and densedecreased assembly and secretion of apoB-containing parti-
LDL levels, and that the reduction of absolute lipoprotein masscles, such as very—low-density lipoprotein (VLDL) from the
was preponderant in the dense LDL subspe¥ieA.recent liver in addition to increased removal of apoB-containing
study comparing the efficacy of atorvastatin versus fenofibratdipoproteins via LDL receptor-mediated uptake. In vitro
on LDL subfraction distribution in type 2 diabetic patients studies in the human hepatoma cell line, HepG2, indicated
determined that atorvastatin treatment decreased all LDL suhthat atorvastatin decreased secretion of apoB-containing li-
fractions, but did not change LDL subtype distributfoithe poproteins by inhibiting cholesterol synthesis and increasing
study also determined that fenofibrate treatment resulted in éntracellular degradation of apoB.
significant decrease in TG and induced a shift in the LDL We did not find any significant correlation between the
distribution from small, dense LDL to intermediate dense LDL. changes in the mean LDL particle diameter with the changes in
With respect to LDL particle size in our study, atorvasta- plasma TG, LDL cholesterol, apoB, or total cholesterol-to-
tin treatment was accompanied by an increase in the meahIDL cholesterol ratio. The absence of correlation between the
LDL particle diameter from 25.29- 0.24 nm to 26.51+ decrease in plasma TG and the increase in mean LDL particle
0.18 nm, which suggests that all circulating LDL subclassesdiameter may be due to the small sample size. Conversely, it is
were reduced. Similar results of the effect of atorvastatinconceivable that atorvastatin may also exert effects beyond TG
treatment on LDL subclasses were reported in FCHL pa-owering that have direct effects on LDL particle size.
tient$$4 and more recently in type 2 diabetic patieAtdow- Evaluation of the plasma levels of the 70- to 85-kd frag-
ever, our study is the first to associate atorvastatin treatmennent did not correlate with the effects of atorvastatin treat-
with the improvement of abnormal LDL particle distribu- ment in our patient group. Previous studies have detected a
tion, as we observed an effective shift in LDL subclass from70-kd fragment that originates from the N-terminal domain
predominantly LDL-III classification to LDL-I and LDL-Il.  of apoB16.38The 70- to 85-kd fragment appears to accumu-
This may be due to the significant (32%) decrease in TGlate in the plasma of patients with homozygous abetalipopro-
levels observed in our patients after atorvastatin treatmentteinemia, a disease caused by genetic mutations in the gene
The combination of these changes, coupled with a 40%for microsomal TG transfer proteii?.In HepG2 cells, ator-
decrease in plasma apoB, the latter representing a reductiorastatin treatment results in decreased translocation of apoB
in the number of circulating LDL particles, may contribute across the endoplasmic reticulum and results in increased
substantially to a decrease in the risk of cardiovascularntracellular degradation of apoB.Thus, we initially hy-
complications in patients with combined dyslipidemia and pothesized that atorvastatin would induce intrahepatic deg-
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radation and result in the presence of specific apoB degramarker for the extent of intrahepatic degradation of apoB in
dation fragments in plasma. However, it was ratherpatients undergoing hypolipidemic therapy.

unexpected that the fragment was present in a significant

proportion of patients at baseline, prior to the initiation of ACKNOWLEDGMENT

atorvastatin therapy. Thus, the appearance and/or abundancewe gratefully acknowledge the critical review of the manuscript by
of specific apoB fragments cannot be used reliably as &r Gary F. Lewis, University of Toronto.
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