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Effect of Atorvastatin (10 mg/day) on Glucose Metabolism in Patients
With the Metabolic Syndrome

Sebastian Huptas, MD, Hans-Christian Geiss, MD, Carsten Otto, MD,
and Klaus Georg Parhofer, MD*

Large interventional studies have shown that statins may reduce the incidence of type 2
diabetes mellitus. However, it is uncertain whether short-term statin therapy can affect
insulin sensitivity in patients with the metabolic syndrome. We evaluated the effect of
atorvastatin (10 mg/day) in 10 insulin-resistant subjects (age 40 � 12 years, body mass
index 33.6 � 5.2 kg/m2, triglycerides 2.84 � 1.99 mmol/L [249 � 175 mg/dl], glucose 6.06 �
0.67 mmol/L [109 � 12 mg/dl)] using the homeostasis model assessment (HOMA) index
(parameter of insulin resistance derived from fasting glucose and fasting insulin concen-
trations; 5.7 � 2.6) in a randomized placebo-controlled, double-blind, crossover study.
Subjects were randomized to receive placebo or atorvastatin, each given for 6 weeks
separated by a 6-week wash-out period. At the beginning and end of each treatment phase,
the patients underwent an oral glucose tolerance test, a 72-hour continuous glucose
measurement, and a detailed lipid determination, including a standardized fat tolerance
test. Compared with placebo, atorvastatin resulted in a significant (p � 0.05) reduction in
the HOMA index (�21%), fasting C-peptides (�18%), glucose (area under the curve during
the oral glucose tolerance test, �7%), and a borderline (p � 0.08) reduction of insulin
(�18%). The parameters derived from the continuous 72-hour glucose monitoring did not
change. A significant reduction also occurred in the total and low-density lipoprotein
cholesterol concentrations, although the fasting and postprandial triglyceride concentra-
tions did not change significantly. However, we found a significant correlation between
atorvastatin-induced changes in the HOMA and baseline HOMA and between the atorv-
astatin-induced changes in triglycerides and insulin concentrations. The free-fatty acid,
interleukin-6, and high sensitivity C-reactive protein concentrations did not change. Our
data indicated that in insulin-resistant, nondiabetic subjects, 6 weeks of atorvastatin (10
mg/day) resulted in significant improvement in insulin sensitivity. © 2006 Elsevier Inc.

All rights reserved. (Am J Cardiol 2006;98:66–69)

(
l

W
w
(
o
f
t
s
d
a
s
M
i

a
a
m
B
t
T

ype 2 diabetes mellitus represents the final stage of a
rogressive disease that in many patients develops from the
etabolic syndrome.1 Insulin resistance is a central feature

f the metabolic syndrome, which, in addition, is charac-
erized by abdominal obesity, dyslipoproteinemia, and hy-
ertension. The progression from metabolic syndrome to
ype 2 diabetes can be delayed or even prevented by a
umber of different modalities, such as lifestyle modifica-
ion and acarbose, metformin, or glitazone therapy.2–5 How-
ver, it was also shown that statin therapy, angiotensin-
onverting enzyme inhibition or angiotensin II receptor
lockade can reduce the risk of diabetes, presumably by
reventing patients with the metabolic syndrome from pro-
ressing to type 2 diabetes.6 To address this issue further,
e designed a randomized, placebo-controlled, double-
lind, crossover study to evaluate the effects of atorvastatin
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10 mg/day for 6 weeks) on glucose homoeostasis in insu-
in-resistant subjects.

• • •
e included 10 subjects with the metabolic syndrome,
hich was defined by the presence of insulin resistance

homeostasis model assessment [HOMA] index �2.5) and
verweight (body mass index �25 kg/m2 or waist circum-
erence �102 cm). Patients with diabetes mellitus or pa-
ients taking any regular medication were excluded. The
tudy was performed as a randomized, placebo-controlled,
ouble-blind, crossover study. The study was conducted in
ccordance with the guidelines of the Declaration of Hel-
inki and approved by the ethics committee of the Ludwig-
aximilians University Munich. All subjects gave written

nformed consent.
Subjects were randomized to first receive placebo or

torvastatin (10 mg/day) for 6 weeks. This was followed by
6-week wash-out period. Then, patients received the other
edication (placebo or atorvastatin) for another 6 weeks.
efore the beginning and at the end of each treatment phase,

he primary and secondary parameters were determined.
he participating subjects were advised not to change their

iet 4 weeks before and throughout the study.

www.AJConline.org
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Glucose metabolism was evaluated by fasting values, an
ral glucose tolerance test, and a 3-day continuous glucose
easurement (MiniMed, Medtronic, Northridge, Califor-

ia). The fasting values included glucose, insulin, and C-
eptide concentrations. These parameters were also used to
stimate insulin sensitivity (HOMA index).7,8 The oral glu-
ose tolerance test was performed using 75 g of glucose
fter a 12-hour fast and was evaluated for the 2-hour value
nd the area under the glucose curve, as defined by the
lucose concentrations determined at 0, 30, 60, 90, and 120
inutes. The insulin concentration was also measured at 30
inutes to calculate the insulinogenic index. This index is

efined by �insulin(30–0)/�glucose(30–0) and represents an
stimate of the first phase of the insulin response.9 Contin-
ous glucose monitoring was evaluated concerning the av-

igure 1. Relative changes of lipid and glucose parameters observed during
torvastatin therapy. Changes refer to comparison between before and
uring therapy. AUC � area under the curve; LDL � low-density lipopro-
ein.

able 1
arameters of glucose metabolism during placebo and atorvastatin treatm

arameter Before Placebo During P

lucose fasting (mg/dl) 107 � 15 106 �
lucose fasting (mmol/L) 5.94 � 0.83 5.89 �
lucose 2 h (mg/dl)† 119 � 44 100 �
lucose 2 h (mmol/L)† 6.61 � 2.44 5.56 �
lucose AUC† 313 � 56 287 �
bA1c (%) 5.59 � 0.43 5.57 �

nsulin 0 min (�U/ml) 17.8 � 9.5 15.6 �
nsulin 30 min (�U/ml)† 101 � 67 119 �
-peptide (ng/ml) 2.71 � 1.35 2.64 �
OMA index 4.76 � 2.38 4.23 �

nsulinogenic index‡ 1.44 � 1.07 1.52 �
-d average glucose concentration (mg/dl)

(mmol/l)§
100 � 2.7 97 �
5.56 � 0.15 5.39 �

* Change observed during placebo and atorvastatin phase (Wilcoxon te
† Oral glucose tolerance test.
‡ �insulin(30–0)/�glucose(30–0).
§ Continuous glucose concentration measurement.
AUC � area under the curve; HbA1c � hemoglobin A1c.
rage glucose concentration during a 3-day period. a
The triglyceride and cholesterol concentrations were
easured using commercial kits (Roche, Mannheim, Ger-
any). Preparative ultracentrifugation was performed to

solate very-low-density lipoprotein (supernatant); high-
ensity lipoprotein cholesterol and low-density lipoprotein
holesterol were determined in the infranatant. Furthermore,
ostprandial lipoprotein metabolism was evaluated using a
tandardized oral fat tolerance test, as previously de-
cribed.10 In brief, after a 12-hour fast, a fatty meal was
ngested within 5 minutes. After the fat load, samples were
aken every 2 hours for 10 hours. The total triglycerides and
riglycerides in the density range �1.006 g/ml (containing
hylomicrons, chylomicron-remnants, and very-low-density
ipoprotein) were determined. The postprandial triglyceride
etabolism was evaluated by determining the total and

ncremental area under the triglyceride concentration curve.
e also measured high-sensitivity C-reactive protein, inter-

eukin-6 (IL-6), free-fatty acid concentrations, and safety
arameters (liver function tests, creatine kinase).

The differences between the parameters obtained during

igure 2. Patient changes in insulin resistance (HOMA index) during
torvastatin therapy.

p Value* Before Atorvastatin During Atorvastatin p Value*

NS 111 � 10 105 � 11 NS
6.17 � 0.56 5.83 � 0.61

NS 119 � 35 102 � 26 NS
6.61 � 1.94 5.67 � 1.44

NS 295 � 55 272 � 40 �0.05
NS 5.57 � 0.48 5.49 � 0.36 NS
NS 22.3 � 9.9 16.2 � 5.7 0.08
NS 120 � 78 103 � 101 NS
NS 3.16 � 0.93 2.59 � 1.02 �0.05
NS 6.31 � 2.95 4.33 � 1.70 �0.05
NS 1.39 � 1.18 2.01 � 2.23 NS
NS 98 � 3.4 100 � 2.8 NS

5.44 � 0.19 5.56 � 0.16
ent

lacebo

14
0.78
47
2.61
63
0.37
6.9
63
0.75
1.95
1.03
3.4
0.19

st).
torvastatin and placebo therapy were evaluated by the
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ilcoxon test for paired samples. All parameters were eval-
ated such that the data obtained before placebo were com-
ared with those obtained during placebo, and those ob-
ained before atorvastatin were compared with those during
torvastatin. The associations between variables were iden-
ified using the Spearman rho test. All statistical tests were
erformed using the Statistical Package for Social Sciences
oftware (SPSS, Inc., Chicago, Illinois).

All subjects tolerated placebo and atorvastatin without
ide effects. However, 1 subject was identified as having
econdary hypertriglyceridemia (alcohol abuse) and was
herefore excluded from the analysis.

Compared with placebo, atorvastatin resulted in an im-
rovement of several parameters of glucose metabolism
Table 1 and Figure 1), most notably a significant reduction
n C-peptide and the HOMA index (Figure 2). The fasting,
-hour glucose (oral glucose tolerance test), and average
lucose concentration during 3 days of continuous monitor-
ng remained unaffected. Atorvastatin therapy resulted in
he expected changes in lipid metabolism (Table 2). We
bserved no significant changes in free-fatty acid concen-
rations, high-sensitivity C-reactive protein, IL-6, and fi-
rinogen.

Insulin concentration correlated positively with the tri-
lyceride concentration and the area under the triglyceride
urve during placebo and atorvastatin therapy (r2 � 0.44,
� 0.05). Furthermore, the atorvastatin-induced changes in

nsulin concentration correlated with the atorvastatin-in-
uced changes in the triglyceride concentration and changes
n the area under the triglyceride curve after the oral fat load
r2 � 0.43, p � 0.05).

When we compared the responders with the nonre-
ponders concerning a decrease in the HOMA index, we
bserved that the nonresponders had lower baseline triglyc-
rides (1.13 mmol/L [99 mg/dl] vs 2.00 mmol/L [175 mg/dl]),
ower cholesterol (4.63 mmol/L [179 mg/dl] vs 5.61 mmol/L

able 2
arameters of lipid metabolism and inflammatory parameters during place

arameter Before Placebo During Placebo

holesterol (mg/dl) 229 � 64 208 � 46
holesterol (mmol/L) 5.92 � 1.66 5.38 � 1.19
riglycerides (mg/dl) 218 � 174 198 � 122
riglycerides (mmol/L) 2.49 � 1.98 2.26 � 1.39
DL cholesterol (mg/dl) 45.8 � 13.4 45.0 � 11.4
DL cholesterol (mmol/L) 1.18 � 0.35 1.16 � 0.29
DL cholesterol (mg/dl) 130 � 63 125 � 43
DL cholesterol (mmol/L) 3.36 � 1.63 3.23 � 1.11
UC triglycerides† 2,869 � 1,440 3,506 � 2,853
ree fatty acids (mmo/L) 0.81 � 0.31 0.96 � 0.49
s-CRP (mg/L) 3.6 � 3.1 5.4 � 6.8
L-6 (pg/ml) 1.33 � 1.05 1.29 � 0.82
ibrinogen (mg/dl) 406 � 112 426 � 107

* Change observed during placebo and atorvastatin phase (Wilcoxon te
† Oral fat load.
HDL � high-density lipoprotein; hs-CRP � high-sensitivity C-reactive
217 mg/dl]), lower insulin concentrations (14.6 �U/ml vs n
5.4 �U/ml), a lower HOMA index (4.23 vs 7.12), and
ower IL-6 concentrations (0.91 vs 1.31 pg/ml). Further-
ore, we observed a correlation between the atorvastatin-

nduced changes in the HOMA index with the baseline
OMA index (r2 � 0.49, p � 0.04), as well as with the
aseline insulin concentration (r2 � 0.51, p � 0.03). How-
ver, changes in the HOMA index did not correlate with any
f the lipid parameters.

• • •
he major aim of the present study was to evaluate whether
hort-term low-dose atorvastatin therapy affects parameters
f glucose metabolism in insulin-resistant subjects. Atorva-
tatin (10 mg/day) for 6 weeks resulted in a significant
eduction in the HOMA index, fasting C-peptide concen-
rations, and area under the glucose curve after an oral
lucose tolerance test. Other parameters, such as the fasting
lucose concentration, hemoglobin A1c, 3-day average glu-
ose concentration, and the insulinogenic index, did not
hange. Furthermore, we did not observe any change in the
ree-fatty acid concentration or inflammatory parameters.

This observation is consistent with large-scale interven-
ional trials that showed that the incidence of type 2 diabetes
an be decreased with statin therapy. Furthermore, a number
f smaller studies have also shown that statin therapy can
mprove the parameters of glucose metabolism in diabetic
nd nondiabetic patients.11–15 However, the results of these
tudies were ambiguous, with some studies showing an
mprovement and others not. This may have been related to
he different patient groups studied and that the main focus
as not glucose metabolism in some studies.15 We therefore
erformed a detailed study of the effect of atorvastatin on
lucose metabolism in a homogeneous sample of insulin-
esistant subjects.

Although we observed some improvement in glucose
etabolism, our study also included nonresponders. These

atorvastatin therapy

lue* Before Atorvastatin During Atorvastatin p Value*

S 213 � 48 164 � 41 �0.01
5.51 � 1.24 4.24 � 1.06

S 198 � 142 192 � 188 NS
2.26 � 1.62 2.19 � 2.14

S 47.9 � 10.3 47.6 � 10.5 NS
1.24 � 0.27 1.23 � 0.27

S 130 � 37 85 � 30 �0.01
3.36 � 0.96 2.20 � 0.78

S 2,277 � 750 2,239 � 1,160 0.08
S 0.54 � 0.12 0.52 � 017 NS
S 2.9 � 2.7 3.1 � 2.9 NS
S 1.18 � 0.59 1.59 � 0.9 NS
S 365 � 382 388 � 80 NS

; LDL � low-density lipoprotein; other abbreviations as in Table 1.
bo and

p Va

N

N

N

N

N
N
N
N
N

st).
onresponders had a better lipid profile and more normal
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aseline parameters. Thus, it seems that patients with more
ronounced metabolic syndrome will benefit more than
hose with less pronounced changes. Furthermore, in sub-
ects with such large stores of visceral adipose tissue, the
ow dose of atorvastatin may be sufficient to improve lipid
arameters but not to improve insulin sensitivity. Higher
oses may have had more effect on C-reactive protein,
ree-fatty acids, and, ultimately, insulin sensitivity.

The improvement in the HOMA index and area under the
lucose curve indicates that insulin resistance improved.
owever, it is unclear whether this improvement was

chieved by decreased gluconeogenesis or by increased
ptake of glucose in muscle and fat, or both. Statins not only
ecrease low-density lipoprotein cholesterol but also affect
he metabolism of triglyceride-rich lipoproteins in the fast-
ng state and postprandially.10,16 It is, therefore, conceivable
hat an altered metabolism of triglyceride-rich lipoproteins
esults in an altered flux of substrate (e.g., free fatty acids)
o the liver, thereby decreasing gluconeogenesis. However,
brates that can lower triglyceride-rich lipoproteins more

han statins have no clear-cut effects on glucose metabo-
ism.15,17 In contrast, animal data have indicated that the flux
nd turnover of portal free-fatty acids is crucial for the
evelopment of insulin resistance.18 It is, however, unclear
ow closely the metabolism of triglyceride-rich lipoproteins
s linked to free-fatty acid metabolism and whether manip-
lations of triglyceride metabolism will affect portal free-
atty acid metabolism. In addition, we did not observe a
hange in free-fatty acid concentrations. However, changes
n portal free-fatty acid concentrations may not necessarily
esult in changes in peripheral free-fatty acid concentra-
ions. Finally, inflammation results in insulin resistance and
tatins have anti-inflammatory properties.19,20 However, in
ur study, neither IL-6 nor high-sensitivity C-reactive pro-
ein changed during atorvastatin therapy. Again, more so-
histicated methods may be necessary to detect small dif-
erences in the inflammatory status.

1. Kahn BB. Type 2 diabetes: when insulin secretion fails to compensate
for insulin resistance. Cell 1998;92:593–596.

2. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M,
for the STOP-NIDDM Trial Research Group. Acarbose for prevention
of type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lan-
cet 2002;359:2072–2077.

3. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM,
Walker EA, Nathan DM, for the Diabetes Prevention Program Re-
search Group. Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N Engl J Med 2002;346:393–403.

4. Knowler WC, Hamman RF, Edelstein SL, Barrett-Connor E, Ehrmann
DA, Walker EA, Fowler SE, Nathan DM, Kahn SE, for the Diabetes
Prevention Program Research Group. Prevention of type 2 diabetes
with troglitazone in the diabetes prevention program. Diabetes 2005;
54:1150–1156.

5. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H,
Loueranta A, Rastas M, Salminen V, Uusitupa M, for the Finnish

Diabetes Prevention Study Group. Prevention of type 2 diabetes mel-
litus by changes in lifestyle among subjects with impaired glucose
tolerance. N Engl J Med 2001;334:1343–1350.

6. Freeman DJ, Norrie J, Sattar N, Neely DG, Cobbe SM, Ford I, Isles C,
Lorimer AR, MacFarlane PW, McKillop JH, Packard CJ, Shepherd J,
Gaw A. Pravastatin and the development of diabetes mellitus: evi-
dence for a protective treatment effect in the West of Scotland Coro-
nary Prevention Study. Circulation 2001;103:357–362.

7. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment; insulin resistance and
�-cell function from fasting plasma glucose and insulin concentration
in man. Diabetologia 1985;412–419.

8. Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F,
Zenere MB. Homeostasis model assessment closely mirrors the glu-
cose clamp technique in the assessment of insulin sensitivity: studies
in subjects with various degrees of glucose tolerance and insulin
sensitivity. Diabetes Care 2000;23:57–63.

9. Cretti A, Lehtorvirta M, Bonora E, Brunato B, Zenti MG, Tosi F,
Caputo M, Caruso B, Groop LC, Muggeo M, Bonadonna RC. Assess-
ment of �-cell function during the oral glucose tolerance test by a
minimal model of insulin secretion. Eur J Clin Invest 2001;31:405–
416.

0. Parhofer KG, Barrett PH, Schwandt P. Atorvastatin improves post-
prandial lipoprotein metabolism in normolipidemic subjects. J Clin
Endocrin Metab 2000;85:4224–4230.

1. Güclü F, Özmen B, Hekimsoy Z, Kirmaz C. Effects of statin group
drug, pravastatin, on the insulin resistance in patients with metabolic
syndrome. Biomed Pharmakother 2004;58:614–618.

2. Costa A, Casamitjana R, Casalst E, Alvarez L, Morales J, Masramon
X, Hernandez G, Gomis R, Conget I. Effects of atorvastatin on glucose
homeostasis, postprandial triglyceride response and C-reactive protein
in subjects with impaired fasting glucose. Diabetic Med 2003;20:743–
745.

3. Paniagua JA, Lopez-Miranda J, Escribano A, Barral FJ, Marin C,
Bravo D, Paz-Rojas E, Gomez P, Barcos M, Moreno JA, Perez-
Jimenez F. Cerivastatin improves insulin sensitivity and insulin secre-
tion in early-state obese type 2 diabetes. Diabetes 2002;51:2596–
2603.

4. Sonmez A, Baykal Y, Kilic M, Yilmaz MI, Saglam K, Bulucu K,
Kocar H. Fluvastatin improves insulin resistance in non-diabetic dys-
lipidemic patients. Endocrine 2003;22:151–153.

5. Watts GF, Barrett HR, Ji J, Serone AP, Chan DC, Croft KD, Loehrer
F, Johnson AG. Differential regulation of lipoprotein kinetics by ator-
vastatin and fenofibrate in subjects with the metabolic syndrome.
Diabetes 2003;52:803–811.

6. Parhofer KG, Laubach E, Barrett PH. Effect of atorvastatin on post-
prandial lipoprotein metabolism in hypertriglyceridemic patients.
J Lipid Res 2003;44:1192–1198.

7. Whitelaw DC, Smith JM, Nattrass M. Effects of gemfibrozil on insulin
resistance to fat metabolism in subjects with type 2 diabetes and
hypertriglyceridaemia. Diabetes Obes Metab 2002;4:187–194.

8. Kabir M, Catalano KJ, Ananthnarayan S, Kim SP, Van Citters GW,
Dea MK, Bergmann RN. Molecular evidence supporting the portal
theory: a causative link between visceral adiposity and hepatic insulin
resistance. Am J Physiol Endocrinol Metab 2005;288:E454–E461.

9. Dichtl W, Dulak J, Frick M, Alber HF, Schwarzacher SP, Ares MP,
Nilsson J, Pachinger O, Weidinger F. HMG-CoA reductase inhibitors
regulate inflammatory transcription factors in human endothelial and
vascular smooth muscle cells. Arterioscler Thromb Vasc Biol 2003;
23:58–63.

0. Pruefer D, Makowski J, Schnell M, Buerke U, Dahm M, Oelert H,
Sibelius U, Grandel U, Grimminger F, Seeger W, Meyer J, Darius H,
Buerke M. Simvastatin inhibits inflammatory properties of Staphylo-

coccus aureus �-toxin. Circulation 2002;106:2104–2110.


	Effect of Atorvastatin (10 mg/day) on Glucose Metabolism in Patients With the Metabolic Syndrome
	References


