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Abstract. We report a patient in whom the administration of HMG CoA reductase inhibitors (statins) might have
triggered the onset and worsening of diabetes. The patient was a 48-year-old Japanese man who underwent annual
medical examination but had never been told of hyperglycemia. Four months after the commencement of atorvastatin
(10 mg/day) treatment, a diagnosis of diabetes mellitus was made from his typical symptoms of hyperglycemia,
postprandial plasma glucose level of 29.8 mmol/l and HbA ; of 11.5%. After 2 months of insulin therapy and 3 months
after the cessation of atorvastatin, almost complete resolution of diabetes was observed. During the subsequent 3 months,
diet therapy alone was sufficient to control blood glucose level. Then, we prescribed pravastatin (20 mg/day). During the
subsequent 3 months, HbA,  was gradually increased. However, after discontinuation of pravastatin, HbA was gradually
decreased. In the general population, statin does not seem to have critical adverse effects on glucose tolerance, but it may

uncommonly modify the natural course of the development of diabetes in certain patients.
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PATIENTS with type 2 diabetes mellitus often have
hypercholesterolemia and thus are frequently treated
with HMG CoA reductase inhibitors (statins). The
efficacy of statins in lowering serum cholesterol con-
centration is well established [1-3]. The results of
the Cholesterol and Recurrent Events (CARE) trial
[1], Scandinavian Simvastatin Survival Study (4S)
[2], and Collaborative Atorvastatin Diabetes Study
(CARDS) [4] confirm the usefulness of statins in
reducing cardiovascular events in type 2 diabetic pa-
tients with hyperlipidemia.

In addition to their hypocholesterolemic effect, statins
are also known to possess pleiotropic effect such as re-
ducing the expression of various adhesion molecules,
inhibition of the proliferation and migration of vascu-
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lar smooth muscle cells [5, 6], anti-thrombotic effects
[7], and suppression of inflammation [8]. The mecha-
nism of the pleiotropic effect of statins seems to be
mainly exerted by the reduction of intermediates of the
mevalonate pathway. The mevalonate pathway leads
to the formation of isoprenoids, such as geranylgeraniol,
which are important for the post-translational modifi-
cation of several proteins. Small GTP-binding proteins
such as RhoA, Rac, amd Cdc42 are among them. It
has been widely known that these molecules are im-
portant for cell proliferation and cell adhesion. Thus,
the reduction of the post-translational modification of
small GTP-binding proteins by statins can at least
partly account for the beneficial pleiotropic effect.
However, considering such a mechanism, statins might
also exert the adverse effect. In fact, Yada et al. pre-
viously reported that atorvastatin can inhibit glucose-
induced insulin secretion by blocking L-type Ca?* chan-
nels in pancreatic 3 cells [9]. Further, Chamberlain
reported that inhibition of isoprenoid biosynthesis by
lovastatin can deteriorate insulin responsive glucose
uptake by down-regulation of glucose transporter 4 in
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3T3-L1 adipocytes [10]. Accordingly, these experi-
mental data suggests that statins might deteriorate
glucose tolerance.

Here, we report a patient in whom the adminis-
tration of statins was concurrent with the onset and
worsening of diabetes.

Case Report

The patient was a 48-year-old Japanese man who
underwent annual medical examination but had never
been told of hyperglycemia. His life style, including
eating habits and physical activity, had not changed
over the last 15 years. His body mass index was
23.9 kg/m? and the patient reported an almost stable
body weight over the last 15 years except for the 1-2
months before presentation. The most recent annual
medical examination (May 2002) identified hyper-
cholesterolemia (total cholesterol [TC], 8.04 mmol/I;
LDL, 4.16 mmol/l), which had also been pointed out
over several years, but had been left untreated. Other
tests including plasma glucose level were normal. He
was treated with atorvastatin (10 mg/day) from June
2002. One month later, his TC level fell to 5.95 mmol/l
and simultaneously measured plasma glucose at 2
hours after meal was 6.1 mmol/l.

In October 2002, he suddenly started to feel thirsty,
with loss of appetite and developed frequent cramps in
the legs and arms. He also noted weight loss (~3 kg)
over a period of 1-2 months. There were no obvious
infection-related symptoms. He consulted his medical
practitioner who found a postprandial plasma glucose
level (30 min after lunch) of 29.8 mmol/l and HbA,_of
11.5%. A diagnosis of diabetes mellitus was made and
the patient was referred to our hospital for further
management. Plasma insulin was 21 pmol/l while
anti-GAD antibody and urine ketones were negative.
A diagnosis of type 2 diabetes was made and the
patient was started on 1700 kcal/day diet. One month
later, the plasma glucose level (2 h after breakfast) was
25.1 mmol/l, HbA,  was 13.2%, and immunoreactive
insulin was 31 pmol/l. Based on the lack of significant
improvement of hyperglycemia by diet alone, we de-
cided to treat him with a rapid-acting insulin injection
before each meal. In addition, to exclude possible
adverse effect of atorvastatin, we discontinued this
medication (Fig. 1). After 2 months of insulin therapy,
the plasma glucose level (3 h after breakfast) was 5.8
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Fig. 1. Changes of HbA , lipid profile and laboratory data after

commencement of atorvastatin treatment

mmol/l, immunoreactive insulin was 85 pmol/l, and
HbA,, was 7.3%. Without insulin, self-monitoring
of blood glucose showed a preprandial plasma glu-
cose level of 5.9 + 1.4 mmol/l and a 2-h postprandial
level of 10.0+ 2.1 mmol/l. Thus, almost complete
resolution of diabetes mellitus was observe at 12
weeks after the cessation of atrovastatin, so we dis-
continued insulin treatment.

During the subsequent 3 months, diet therapy alone
was sufficient to control blood glucose level, though
hypercholesterolemia was still present (fasting plasma
glucose (FPG) was 6.0 mmol/l; HbA,, 6.0%; TC 7.27
mmol/l; and LDL 5.17 mmol/l). At that stage, we pre-
scribed pravastatin (20 mg/day). Subsequently, serum
cholesterol level 1.5 months later was modestly de-
creased, but HbA, was slightly increased (6.5%).
Then, diabetes worsened without obvious change of
life style including food intake and physical activity
and 4 months later, HbA, was 8.4%; and FPG was
17.9 mmol/l. One month after discontinuation of
pravastatin, FPG decreased to 8.6 mmol/l, and further
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decreased in the next month to 8.3 mmol/l. Six
months later, HbA, was 6.6% and FPG 5.4 mmol/l.
The blood glucose level was improved without using
any drugs and obvious change of life style after dis-
continuation of pravastatin. In addition, throughout
the whole clinical course, we did not observe any
significant changes of serum AST, ALT, and CPK
levels related to the administration of statins (Fig. 1).

Discussion

In the case presented here, the concurrence of ad-
ministration of statins with onset and worsening of
type 2 diabetes was observed. Of course, we cannot
completely exclude the possibility that this was the
natural course of the onset of diabetes. However, it
seems more likely that atorvastatin promoted the de-
velopment of diabetes in this case, because 1) the life
style and state of health were unchanged around the
date of onset of diabetes; 2) withdrawal of atorvastatin
was clearly associated with the rapid resolution of
diabetes with the aid of small doses of insulin over a
short period; and 3) the administration and cessation
of pravastatin were clearly associated with his blood
glucose level.

In general, deterioration of diabetes largely depends
on poor diet restriction and lack of exercise. Thus, lit-
tle attention is paid to the possibility that statins might
worsen diabetes. According to the epidemiological
data, ASCOT-LLA trial showed that the percentage of
subjects who developed diabetes among those treated
with atorvastatin was higher than in the non-treated
group, although the difference was not statistically sig-
nificant [11]. The recently reported PROVE-IT TIMI
22 substudy identified that the treatment of atorva-

statin was associated with a subtle increase in HbA
level. These data suggest that statins might have only
a modest adverse effect on glucose tolerance in general
population. However, considering the variation of
drug sensitivity in each individual, it is possible that
particular patients as shown in this report are sensitive
to the adverse effect of statins.

Previous experimental data suggest that statins might
deteriorate insulin secretion and insulin sensitivity [9,
10]. Thus, it is helpful for elucidating the main cause
of type 2 diabetes in this case, to evaluate insulin se-
cretion and insulin sensitivity under the administration
of statins. However, once type 2 diabetes was devel-
oped, it is hard to elucidate them in general clinical
setting. Considering the fact that prominent adverse
effects of statins, though their frequency is rare, in-
clude myopathy and liver dysfunction [12], it is possi-
ble that an abnormality occurring in liver or muscle
could cause a deterioration of glucose tolerance in this
case. However, as far as assessed by general labora-
tory data, we could not find any obvious abnormality
of muscle and liver (Fig. 1). Hence, we could not es-
tablish a possible link between general adverse effects
of statins and their effect on glucose tolerance in this
case.

This is the first case report exhibiting the possible
association between the administration of statins and
onset and worsening of diabetes. In the case described
here, atorvastatin grossly and adversely affected
glucose tolerance. However, when the effect is less
evident, the adverse effects might be less noticeable
or even unnoticeable altogether, unless one is aware
of such adverse effect of statins. Considering the
frequent prescription of statins, we believe that our
case report will provide useful information for general
physicians.
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