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Introduction

3-Hydroxy-3-methyl-glutaryl coenzyme-A (HMG-CoA) 
reductase inhibitors, also known as statins, are one of the 
most commonly prescribed classes of medications in the 
United States.1 They are used for primary and secondary pre-
vention of cardiovascular and cerebrovascular events and to 
reduce mortality.1–6 Statins are well tolerated with common 
adverse effects including myalgia, elevations in creatine 
kinase, and impaired cognition.7,8 Recently, there has been 
concern regarding the increased risk of developing new-
onset diabetes attributed to statins.

The American College of Cardiology and the American 
Heart Association published updated recommendations in 
2013, potentially increasing the number of prescribed statins. 
With the new recommendations, there are no target lipid 

goals, and lipid management is solely focused around the use 
of moderate-intensity and high-intensity statin therapy to 
reduce the risk of atherosclerotic cardiovascular disease 
(ASCVD) events. Important changes that could increase the 
use of statins include lowering the threshold from 10% to 
7.5% for 10-year risk of ASCVD events, now calculated 
from Pooled Cohort Equations, drug initiation at low-density 
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lipoprotein (LDL) cholesterol levels of 70 mg/dL or greater 
versus 100 mg/dL or greater, and the addition of stroke to the 
definition of ASCVD.6

In 2012, the Food and Drug Administration (FDA) 
updated labeling for all statins to include a warning for 
increases in blood glucose, glycosylated hemoglobin 
(HbA1c), and fasting serum glucose levels based on results 
of the Justification for the Use of Statins in Primary 
Prevention (JUPITER) trial.4,8 In this trial, the risk of new-
onset diabetes increased when a patient had one or more 
major risk factors for diabetes mellitus, which included met-
abolic syndrome, impaired fasting glucose, body mass index 
(BMI) greater than or equal to 30 kg/m2, and glycosylated 
hemoglobin (HbA1c) of 6% or greater.4 Additionally, in a 
study that looked at patients with zero to one risk factors 
versus two to four risk factors taking either atorvastatin 
10 mg or simvastatin 40 mg versus atorvastatin 80 mg, the 
risk of new-onset diabetes increased with the atorvastatin 
80 mg group in patients with two to four risk factors.5 The 
four risk factors described were fasting blood glucose greater 
than 100 mg/dL, fasting triglycerides greater than 150 mg/
dL, BMI greater than 30 kg/m2, and history of hypertension.5 
In 2014, the Statin Diabetes Task Force similarly concluded 
that the risk of developing type 2 diabetes mellitus with sta-
tin use may be limited to patients with pre-existing risk fac-
tors for diabetes mellitus.9 In addition, the American Diabetes 
Association recognizes the increased risk of developing type 
2 diabetes mellitus with statin use and suggests those with 
diabetes risk factors may benefit from diabetes screening 
when taking statins.10

There are numerous potential mechanisms for developing 
new-onset diabetes with statin use.1,7,9 One potential mecha-
nism is via disruption of voltage-gated calcium channels in 
pancreatic beta cells. Statins may directly block L-type cal-
cium channels, therefore inhibiting glucose-induced calcium 
signaling in beta cells and decreasing insulin secretion. 
Another mechanism involves decreased translocation of the 
glucose transporter, GLUT4, on the intracellular membrane 
of cells. GLUT4 is responsible for glucose uptake in both fat 
and muscle cells in the presence of insulin. In the presence of 
a statin, GLUT4 translocation can be altered resulting in 
decreased glucose uptake in cells ultimately leading to 
hyperglycemia. Other proposed mechanisms include periph-
eral insulin resistance as a result of mitochondrial dysfunc-
tion in cells (including fat cells and pancreatic beta cells) and 
chronic depletion of cellular cholesterol resulting in impaired 
insulin secretion.

Whether a statin is hydrophilic or lipophilic may account 
for alteration of glucose control.7 Hydrophilic statins (i.e. 
pravastatin and rosuvastatin) require carrier-mediated uptake 
into cells, thus increasing selectivity for hepatic cells. 
Lipophilic statins are able to passively diffuse through mem-
branes of the hepatic cells, but can also diffuse into extrahe-
patic tissues and disrupt cellular processes, including decreased 
insulin secretion in response to glucose.

The strength of association between statin therapy and 
development of new-onset diabetes is controversial. The 
objective of this review is to identify and assess studies 
investigating the association between statins and new-onset 
diabetes and to determine the clinical significance of this 
risk.

Methods

A search of MEDLINE (1977–April 2015), Google Scholar 
(1997–April 2015), and International Pharmaceutical 
Abstracts (IPA) (1977–April 2015) was conducted using the 
search terms hydroxymethylglutaryl-CoA reductase inhibi-
tors, hydroxymethylglutaryl-CoA reductase inhibitors/
adverse effects, statins, adverse effects, diabetes mellitus, dia-
betes mellitus/etiology, and drug-induced. Citations of identi-
fied articles and clinical practice guidelines for dyslipidemia 
and type 2 diabetes mellitus were also reviewed.10–14 All fully 
published articles describing results from original investiga-
tions or meta-analyses specifically designed to assess the 
association between statins, for primary or secondary preven-
tion, and new-onset diabetes, compared to a reference or con-
trol, and published in English were included in the review. 
After applying inclusion criteria to search results, 11 retro-
spective cohort studies, two prospective cohort studies, and 
seven meta-analyses were included. No interventional studies 
designed specifically to assess risk of new-onset diabetes due 
to statin therapy were identified.

Results

Observational studies

In all, 11 retrospective cohort studies evaluated the associa-
tion of statins with new-onset diabetes. All reported some 
degree of increased risk of new-onset diabetes associated 
with statin use (range of absolute incidence reported: 3.1%–
22.7%; number needed to harm (NNH) compared to no 
treatment: 53–67).11–21 Some studies compared statins to no 
exposure, while others evaluated statins as a class, both in 
terms of individual agents and groups based on statin inten-
sity. The results from observational studies are included in 
Table 1.

Several studies were designed to determine whether cer-
tain formulations or intensities of statins were associated with 
increased risk of new-onset diabetes when compared to oth-
ers. Conflicting results were obtained from several studies 
designed to ascertain whether individual statins or different 
intensities of therapy were associated with an increased risk 
of new-onset diabetes. Ma et al.12 concluded that pravastatin 
was associated with an increased risk (hazard ratio (HR) = 1.3, 
p = 0.0011), while fluvastatin and lovastatin were associated 
with decreased risk, and the remaining statins did not increase 
or decrease risk. In contrast, lovastatin and simvastatin, but 
not pravastatin, were associated with an increased risk of 



Beckett et al.	 3

T
ab

le
 1

. 
R

es
ul

ts
 fr

om
 o

bs
er

va
tio

na
l s

tu
di

es
 a

ss
es

si
ng

 r
is

k 
of

 n
ew

-o
ns

et
 d

ia
be

te
s.

R
ef

er
en

ce
Pa

tie
nt

 
po

pu
la

tio
n

D
em

og
ra

ph
ic

s
Ex

po
su

re
 g

ro
up

s
En

dp
oi

nt
R

es
ul

ts
: n

ew
-o

ns
et

 d
ia

be
te

s
R

es
ul

ts
: c

ar
di

ov
as

cu
la

r
K

ey
 li

m
ita

tio
ns

R
et

ro
sp

ec
tiv

e 
 

co
ho

rt
 s

tu
di

es
 �

W
an

g 
et

 a
l.1

1
N

 =
 4

2,
06

0
M

en
 ⩾

 4
5 

ye
ar

s
W

om
en

 ⩾
 5

5 
ye

ar
s

M
ea

n 
ag

e 
63

 ±
 9

 ye
ar

s
C

om
or

bi
d 

co
nd

iti
on

s:
H

yp
er

te
ns

io
n 

74
%

C
or

on
ar

y 
he

ar
t 

di
se

as
e 

43
.5

%
St

ro
ke

 6
.5

%
St

at
in

s 
us

ed
 fo

r 
se

co
nd

ar
y 

pr
ev

en
tio

n 
47

%

St
at

in
s:

 A
, F

, L
, P

r,
 

R
, o

r 
S 

re
ce

iv
ed

 
co

nt
in

uo
us

ly
 fo

r 
⩾

30
 d

ay
s

R
ef

er
en

ce
: p

at
ie

nt
s 

na
iv

e 
to

 s
ta

tin
s

N
ew

-o
ns

et
 

di
ab

et
es

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 n
ew

-
on

se
t 

di
ab

et
es

:
St

at
in

: 2
2.

7%
C

on
tr

ol
: 2

0.
8%

H
R

 =
 1

.1
5,

 9
5%

 C
I =

 1
.0

8–
1.

22
, p

 <
 0

.0
01

H
R

 (
95

%
 C

I)
M

I: 
0.

82
 (

0.
68

–0
.9

8,
 

p 
=

 0
.0

28
)

Is
ch

em
ic

 s
tr

ok
es

: 0
.9

4 
(0

.6
8–

0.
98

, p
 =

 0
.0

28
)

M
A

C
E:

 0
.9

1 
(0

.8
4–

0.
99

, 
p 

=
 0

.0
31

)
In

-h
os

pi
ta

l d
ea

th
s:

 0
.6

1 
(0

.5
5–

0.
67

, p
 <

 0
.0

01
)

Pa
tie

nt
s 

w
ith

 e
st

ab
lis

he
d 

co
ro

na
ry

 e
ve

nt
s 

ex
cl

ud
ed

M
ea

n 
da

ily
 d

os
e 

of
 s

ta
tin

s 
lo

w
er

 t
ha

n 
do

se
s 

in
 

cl
in

ic
al

 t
ri

al
s

La
ck

 o
f i

nd
iv

id
ua

l 
in

fo
rm

at
io

n 
su

ch
 a

s 
fa

m
ily

 
hi

st
or

y 
of

 d
ia

be
te

s

 
M

a 
et

 a
l.1

2
N

 =
 1

6,
02

7
M

ea
n 

ag
e 

59
.9

 ye
ar

s
H

yp
er

te
ns

io
n 

an
d 

hy
pe

rl
ip

id
em

ia
 a

t 
ba

se
lin

e

St
at

in
s:

 A
, F

, L
, P

r,
 

R
, o

r 
S 

pr
es

cr
ib

ed
 

w
ith

in
 3

.5
 ye

ar
s 

be
fo

re
 

di
ag

no
si

s 
of

 n
ew

-
on

se
t 

di
ab

et
es

R
ef

er
en

ce
: n

o 
tr

ea
tm

en
t

N
ew

-o
ns

et
 

di
ab

et
es

13
60

/1
6,

02
7 

(8
.5

%
) 

de
ve

lo
pe

d 
ne

w
-o

ns
et

 
di

ab
et

es
H

R
 fo

r 
ne

w
-o

ns
et

 d
ia

be
te

s 
(9

5%
 C

I)
A

: 1
.1

5 
(0

.9
6–

1.
35

, 
p 

=
 0

.5
46

5)
F:

 0
.4

6 
(0

.3
3–

0.
61

, 
p 

<
 0

.0
00

1)
L:

 0
.7

0 
(0

.5
9–

0.
83

, 
p 

<
 0

.0
00

1)
Pr

: 1
.3

 (
1.

13
–1

.5
6,

 p
 =

 0
.0

01
1)

R
: 0

.5
4 

(0
.3

6–
0.

76
, 

p 
=

 0
.0

00
6)

S:
 1

.1
1 

(0
.9

2–
1.

32
, 

p 
=

 0
.3

02
8)

Ex
cl

ud
ed

 p
at

ie
nt

s 
w

ith
 

ir
re

gu
la

r 
fo

llo
w

-u
p

Pa
tie

nt
 d

at
a 

ba
se

d 
on

 c
la

im
 d

at
as

et
s 

an
d 

po
ss

ib
le

 m
is

co
di

ng
 o

f 
di

ag
no

si
s

R
is

k 
fa

ct
or

s 
fo

r 
di

ab
et

es
 

an
d 

C
V

D
 n

ot
 a

va
ila

bl
e 

fr
om

 d
at

ab
as

e

 
M

a 
et

 a
l.1

3
N

 =
 1

5,
63

7
A

ge
 6

5–
80

 ye
ar

s 
w

ith
 

hy
pe

rt
en

si
on

 a
nd

 
dy

sl
ip

id
em

ia
 a

t 
ba

se
lin

e

St
at

in
s:

 A
, F

, L
, P

r,
 R

, 
or

 S
R

ef
er

en
ce

: n
o 

tr
ea

tm
en

t

N
ew

-o
ns

et
 

di
ab

et
es

27
35

/1
5,

63
7 

(1
7.

5%
) 

de
ve

lo
pe

d 
ne

w
-o

ns
et

 
di

ab
et

es
H

R
 fo

r 
ne

w
-o

ns
et

 d
ia

be
te

s 
(9

5%
 C

I)
A

: 0
.7

7 
(0

.7
2–

0.
83

, 
p 

<
 0

.0
00

1)
F:

 1
.0

0 
(0

.8
7–

1.
16

, p
 =

 0
.9

51
)

L:
 1

.3
6 

(1
.2

4–
1.

48
, 

p 
<

 0
.0

00
1)

Pr
: 1

.0
7 

(0
.9

4–
1.

23
, 

p 
=

 0
.3

09
2)

R
: 0

.6
6 

(0
.5

2–
0.

83
, 

p 
=

 0
.0

00
6)

S:
 1

.3
0 

(1
.1

4–
1.

47
, 

p 
=

 0
.0

00
1)

Es
ta

bl
is

hi
ng

 c
au

se
 a

nd
 

ef
fe

ct
 n

ot
 p

os
si

bl
e 

ba
se

d 
on

 r
et

ro
sp

ec
tiv

e 
an

al
ys

is
D

at
a 

ba
se

d 
on

 c
la

im
s 

da
ta

—
da

ta
 la

ck
in

g 
on

 r
is

k 
fa

ct
or

s 
of

 d
ia

be
te

s

 (C
on

tin
ue

d)



4	 SAGE Open Medicine

R
ef

er
en

ce
Pa

tie
nt

 
po

pu
la

tio
n

D
em

og
ra

ph
ic

s
Ex

po
su

re
 g

ro
up

s
En

dp
oi

nt
R

es
ul

ts
: n

ew
-o

ns
et

 d
ia

be
te

s
R

es
ul

ts
: c

ar
di

ov
as

cu
la

r
K

ey
 li

m
ita

tio
ns

 
K

o 
et

 a
l.1

4
N

 =
 2

3,
71

0
A

ge
 >

 6
5 

ye
ar

s 
(m

ea
n 

77
.9

7 
±

 7
.1

9 
ye

ar
s)

C
ar

di
ov

as
cu

la
r 

co
m

or
bi

di
tie

s:
Pr

io
r 

M
I 5

.2
%

D
ys

rh
yt

hm
ia

s 
15

.1
%

H
yp

er
te

ns
io

n 
80

.5
%

Pe
ri

ph
er

al
 v

as
cu

la
r 

di
se

as
e 

2.
5%

C
ha

rl
so

n 
co

m
or

bi
di

ty
 s

co
re

 
0.

63
 ±

 1
.0

4

In
te

ns
iv

e-
do

se
 s

ta
tin

s:
 

A
 ⩾

 4
0 

m
g,

 R
 ⩾

 2
0 

m
g,

 
S 
⩾

 6
0 

m
g

M
od

er
at

e-
do

se
 

st
at

in
s:

 a
ll 

ot
he

r 
fo

rm
ul

at
io

ns

N
ew

 
de

ve
lo

pm
en

t 
of

 d
ia

be
te

s 
af

te
r 

ho
sp

ita
l 

di
sc

ha
rg

e 
in

 p
at

ie
nt

s 
re

ce
iv

in
g 

st
at

in
s 

fo
r 

se
co

nd
ar

y 
pr

ev
en

tio
n

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 n
ew

-
on

se
t 

di
ab

et
es

 a
t 

5 
ye

ar
s:

In
te

ns
iv

e 
do

se
: 1

3.
6%

M
od

er
at

e 
do

se
: 1

3%
p 

=
 0

.1
9

R
at

e 
of

 d
ea

th
 o

r 
A

C
S 

at
 

5 
ye

ar
s:

In
te

ns
iv

e 
do

se
: 4

4.
8%

M
od

er
at

e 
do

se
: 4

6.
5%

p 
=

 0
.0

44
R

at
e 

of
 A

C
S 

at
 5

 ye
ar

s:
In

te
ns

iv
e 

do
se

: 2
2.

2%
M

od
er

at
e 

do
se

: 2
3.

5%
p 

=
 0

.0
39

St
at

in
 in

te
ns

ity
 b

as
ed

 o
n 

do
se

 r
at

he
r 

th
an

 L
D

L 
lo

w
er

in
g

La
ck

 o
f i

nf
or

m
at

io
n 

on
 

ri
sk

 fa
ct

or
s,

 in
cl

ud
in

g 
ob

es
ity

, d
ie

t, 
an

d 
ph

ys
ic

al
 

ac
tiv

ity

 �
C

ar
te

r 
et

 a
l.1

5
N

 =
 4

71
,2

50
A

ge
 ⩾

 6
6 

ye
ar

s
H

is
to

ry
 o

f c
ar

di
ac

 d
is

ea
se

 
39

.3
%

–5
7.

4%
Pr

ev
io

us
 A

C
S 

19
.1

%
–3

5.
4%

C
hr

on
ic

 C
V

D
 3

2%
–5

0.
2%

St
ro

ke
/t

ra
ns

ie
nt

 is
ch

em
ic

 
at

ta
ck

: 1
2%

–1
6.

1%

St
at

in
s:

 A
, F

, L
, R

, o
r 

S
R

ef
er

en
ce

: P
r

In
ci

de
nt

 
di

ab
et

es
H

R
 fo

r 
ne

w
-o

ns
et

 d
ia

be
te

s 
(9

5%
 C

I):
A

: 1
.2

2 
(1

.1
5–

1.
29

)
F:

 0
.9

5 
(0

.8
1–

1.
11

)
L:

 0
.9

9 
(0

.8
6–

1.
14

)
R

: 1
.1

8 
(1

.1
0–

1.
26

)
S:

 1
.1

0 
(1

.0
4–

1.
17

)

La
ck

 o
f i

nf
or

m
at

io
n 

on
 

di
ab

et
es

 r
is

k 
fa

ct
or

s,
 s

uc
h 

as
 w

ei
gh

t, 
et

hn
ic

ity
, a

nd
 

fa
m

ily
 h

is
to

ry
La

ck
 o

f i
nf

or
m

at
io

n 
pe

rt
in

en
t 

to
 d

ia
gn

os
is

 
(e

.g
. A

1C
)

 �
C

ho
 

et
 a

l.1
6

N
 =

 3
68

0
A

ge
 ⩾

 2
0 

ye
ar

s 
(m

ea
n 

ag
e 

61
 ye

ar
s)

M
ea

n 
BM

I 2
4.

41
 k

g/
m

2

M
ea

n 
FB

G
 9

1.
10

 m
g/

dL

St
at

in
s:

 A
, P

i, 
Pr

, R
R

ef
er

en
ce

: S
N

ew
-o

ns
et

 
di

ab
et

es
H

R
 fo

r 
ne

w
-o

ns
et

 d
ia

be
te

s 
(9

5%
 C

I):
A

: 1
.5

2 
(0

.7
2–

3.
21

)
Pi

: 2
.6

8 
(1

.2
6–

5.
71

)
Pr

: 1
.5

9 
(0

.6
0–

4.
24

)
R

: 1
.9

4 
(0

.9
3–

4.
05

)

A
dh

er
en

ce
 c

ou
ld

 n
ot

 b
e 

as
se

ss
ed

Se
le

ct
io

n 
bi

as
 c

ou
ld

 n
ot

 
be

 e
xc

lu
de

d
D

os
e 

of
 s

ta
tin

 w
as

 n
ot

 
co

nt
ro

lle
d

� �
D

or
m

ut
h 

et
 a

l.1
7

N
 =

 1
36

,9
36

A
ge

 ⩾
 4

0 
ye

ar
s 

(m
ea

n 
68

 ye
ar

s)
; a

ft
er

 
ho

sp
ita

liz
at

io
n 

fo
r 

m
aj

or
 C

V
 

ev
en

ta

H
ig

h-
po

te
nc

y 
st

at
in

s:
 

A
 ⩾

 2
0 

m
g,

 R
 ⩾

 1
0 

m
g,

 
S 
⩾

 4
0 

m
g

R
ef

er
en

ce
: l

ow
-

po
te

nc
y 

st
at

in
s 

(a
ll 

ot
he

rs
)

N
ew

-o
ns

et
 

di
ab

et
es

H
R

 fo
r 

ne
w

-o
ns

et
 d

ia
be

te
s 

(9
5%

 C
I) 

at
 u

p 
to

 2
 ye

ar
s 

of
 

tr
ea

tm
en

t:
H

ig
h-

po
te

nc
y 

st
at

in
s 

1.
15

 
(1

.0
5–

1.
26

)

D
id

 n
ot

 c
ap

tu
re

 s
om

e 
pa

tie
nt

s 
di

ag
no

se
d 

in
 

am
bu

la
to

ry
 s

et
tin

g
C

ap
tu

re
d 

pa
tie

nt
s 

w
ith

 
m

or
e 

se
ve

re
 d

is
ea

se
 d

ue
 

to
 b

ei
ng

 h
os

pi
ta

liz
ed

 ��
C

or
ra

o 
et

 a
l.1

8
N

 =
 1

15
,7

09
A

ge
 4

0–
80

 ye
ar

s 
(m

ea
n 

ag
e 

62
.4

 ye
ar

s)
H

is
to

ry
 o

f C
V

D
: 3

6.
0%

St
at

in
s:

 h
ig

h 
(>

75
%

), 
in

te
rm

ed
ia

te
 

(5
1%

–7
5%

), 
or

 lo
w

 
(2

6%
–5

0%
) 

ad
he

re
nc

e
R

ef
er

en
ce

: v
er

y 
lo

w
 

ad
he

re
nc

e 
(<

26
%

)

N
ew

 c
as

es
 

of
 d

ia
be

te
s

H
R

 fo
r 

ne
w

-o
ns

et
 d

ia
be

te
s 

(9
5%

 C
I):

H
ig

h 
1.

32
 (

1.
26

–1
.3

9)
In

te
rm

ed
ia

te
 1

.2
2 

(1
.1

4–
1.

27
)

Lo
w

 1
.1

2 
(1

.0
6–

1.
18

)

Ev
al

ua
tio

n 
of

 a
dh

er
en

ce
 

ba
se

d 
on

 p
ha

rm
ac

y 
di

sp
en

si
ng

 in
fo

rm
at

io
n

R
is

k 
of

 d
et

ec
tio

n 
bi

as

 �
Z

ah
ar

an
 

et
 a

l.1
9

N
 =

 1
97

,1
38

A
ge

 ⩾
 6

5 
ye

ar
s:

 3
2.

2%
St

at
in

s:
 A

, F
, P

r,
 R

, 
or

 S
R

ef
er

en
ce

: n
o 

tr
ea

tm
en

t

N
ew

-o
ns

et
 

di
ab

et
es

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 n
ew

-
on

se
t 

di
ab

et
es

:
St

at
in

s:
 5

.9
%

R
ef

er
en

ce
: 2

.5
%

H
R

 =
 1

.2
0,

 9
5%

 C
I =

 1
.1

7–
1.

23

 

T
ab

le
 1

. (
C

on
tin

ue
d)



Beckett et al.	 5

R
ef

er
en

ce
Pa

tie
nt

 
po

pu
la

tio
n

D
em

og
ra

ph
ic

s
Ex

po
su

re
 g

ro
up

s
En

dp
oi

nt
R

es
ul

ts
: n

ew
-o

ns
et

 d
ia

be
te

s
R

es
ul

ts
: c

ar
di

ov
as

cu
la

r
K

ey
 li

m
ita

tio
ns

 �
C

ur
ri

e 
et

 a
l.2

0
N

 =
 3

2,
08

6
A

ge
 4

0–
60

 ye
ar

s
M

al
e:

 5
2.

98
%

Eu
ro

pe
an

: 6
9.

46
%

A
nt

ih
yp

er
te

ns
iv

es
 

th
ou

gh
t 

to
 in

cr
ea

se
 

di
ab

et
es

 r
is

k:
 T

B
A

nt
ih

yp
er

te
ns

iv
es

 
le

ss
 li

ke
ly

 t
o 

in
cr

ea
se

 
di

ab
et

es
 r

is
k:

 A
A

C
A

ny
 s

ta
tin

R
ef

er
en

ce
: d

ic
lo

fe
na

c

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
re

ce
iv

in
g 

fir
st

 
pr

es
cr

ip
tio

n 
of

 m
et

fo
rm

in

R
is

k 
of

 n
ew

-o
ns

et
 d

ia
be

te
s 

at
 

5 
ye

ar
s:

T
B:

 1
.5

%
A

A
C

: 2
.3

%
St

at
in

s:
 3

.1
%

D
ic

lo
fe

na
c:

 1
.2

%

La
ck

 o
f i

nf
or

m
at

io
n 

af
fe

ct
in

g 
ca

rd
io

va
sc

ul
ar

 
an

d 
di

ab
et

es
 r

is
k 

(e
.g

. 
BM

I, 
fa

m
ily

 h
is

to
ry

)
R

is
k 

of
 m

is
cl

as
si

fic
at

io
n 

us
in

g 
m

et
fo

rm
in

 
pr

es
cr

ip
tio

n 
as

 e
nd

po
in

t
D

id
 n

ot
 d

is
tin

gu
is

h 
be

tw
ee

n 
st

at
in

 t
yp

e 
an

d 
do

se
 �

V
an

 d
e 

W
oe

st
ijn

e 
et

 a
l.2

1

N
 =

 4
64

5
H

is
to

ry
 o

r 
re

ce
nt

 d
ia

gn
os

is
 

of
 a

rt
er

ia
l d

is
ea

se
: 

co
ro

na
ry

 a
rt

er
y 

di
se

as
e,

 
ce

re
br

ov
as

cu
la

r 
di

se
as

e,
 

pe
ri

ph
er

al
 a

rt
er

y 
di

se
as

e,
 o

r 
an

eu
ry

sm
 o

f t
he

 a
bd

om
in

al
 

ao
rt

a

M
od

er
at

e 
ve

rs
us

 
in

te
ns

iv
e 

st
at

in
 

th
er

ap
y.

 In
te

ns
iv

e 
st

at
in

 t
he

ra
py

 d
ef

in
ed

 
as

 L
D

L-
c 

lo
w

er
in

g 
⩾

40
%

 t
he

or
et

ic
al

ly
R

ef
er

en
ce

: n
o 

st
at

in
 

th
er

ap
y

N
ew

-o
ns

et
 

di
ab

et
es

A
dj

us
te

d 
ri

sk
: H

R
 fo

r 
ne

w
-

on
se

t 
di

ab
et

es
 (

95
%

 C
I):

 1
.7

1 
(1

.2
2–

2.
41

)
In

te
ns

iv
e 

ve
rs

us
 m

od
er

at
e 

st
at

in
: 1

.1
8 

(0
.9

0–
1.

57
)

St
at

in
 u

se
 n

ot
 

co
nt

in
uo

us
ly

 m
on

ito
re

d 
du

ri
ng

 fo
llo

w
-u

p
A

dh
er

en
ce

 t
o 

th
er

ap
y 

no
t 

m
ea

su
re

d
R

eg
is

tr
at

io
n 

an
d 

ty
pe

 o
f 

do
se

 o
cc

ur
re

d 
on

ly
 a

t 
ba

se
lin

e
Pr

os
pe

ct
iv

e 
 

co
ho

rt
 s

tu
di

es
 �

C
ul

ve
r 

et
 a

l.2
2

N
 =

 1
53

,8
40

Po
st

m
en

op
au

sa
l w

om
en

 
ag

ed
 5

0–
79

 ye
ar

s
St

at
in

s:
 A

ny
, A

, F
, L

, 
Pr

, o
r 

S
R

ef
er

en
ce

: n
on

-u
se

r

N
ew

-o
ns

et
 

di
ab

et
es

O
ve

ra
ll 

in
ci

de
nc

e 
of

 n
ew

-
on

se
t 

di
ab

et
es

: 1
07

6/
10

,8
34

 
(9

.9
%

) 
ve

rs
us

 9
16

6/
14

3,
00

6 
(6

.4
%

), 
ad

ju
st

ed
 H

R
 =

 1
.4

8 
(9

5%
 C

I =
 1

.3
8–

1.
59

)
H

R
 fo

r 
ne

w
-o

ns
et

 d
ia

be
te

s 
w

ith
 s

pe
ci

fic
 s

ta
tin

s:
A

: 1
.6

1 
(1

.3
5–

1.
92

)
F:

 1
.6

1 
(1

.3
5–

1.
92

)
L:

 1
.3

5 
(1

.1
9–

1.
55

)
Pr

: 1
.6

3 
(1

.4
3–

1.
87

)
S:

 1
.4

1 
(1

.2
5–

1.
61

)

O
bs

er
va

tio
na

l d
es

ig
n 

lim
its

 a
bi

lit
y 

to
 c

on
tr

ol
 a

ll 
co

nf
ou

nd
in

g 
fa

ct
or

s
La

ck
 o

f d
at

a 
on

 li
pi

ds
, 

C
-r

ea
ct

iv
e 

pr
ot

ei
n,

 o
r 

he
m

og
lo

bi
n 

A
1C

In
ab

ili
ty

 t
o 

tr
ac

k 
co

m
pl

ia
nc

e

 �
Iz

zo
 

et
 a

l.2
3

N
 =

 4
75

0
M

ea
n 

ag
e 

60
.2

 ye
ar

s
H

yp
er

te
ns

iv
e 

ad
ul

ts
Pr

im
ar

y 
pr

ev
en

tio
n

Fa
m

ily
 h

is
to

ry
 o

f d
ia

be
te

s:
 

29
.2

%

St
at

in
s:

 a
ny

R
ef

er
en

ce
: n

on
-u

se
r

N
ew

-o
ns

et
 

di
ab

et
es

O
ve

ra
ll 

in
ci

de
nc

e 
ne

w
-o

ns
et

 
di

ab
et

es
: 1

0.
2%

 v
er

su
s 

8.
7%

, 
ad

ju
st

ed
 H

R
 =

 1
.0

3 
(9

5%
 

C
I =

 0
.7

9–
1.

35
)

D
ia

gn
os

is
 o

f d
ia

be
te

s 
ba

se
d 

on
 fa

st
in

g 
bl

oo
d 

gl
uc

os
e 

on
ly

A
: a

to
rv

as
ta

tin
; A

A
C

: A
C

Ei
, A

R
B,

 C
C

B;
 A

C
Ei

: a
ng

io
te

ns
in

-c
on

ve
rt

in
g-

en
zy

m
e 

in
hi

bi
to

r;
 A

C
S:

 a
cu

te
 c

or
on

ar
y 

sy
nd

ro
m

e;
 A

R
B:

 a
ng

io
te

ns
in

 II
 r

ec
ep

to
r 

bl
oc

ke
rs

; B
B:

 b
et

a 
bl

oc
ke

rs
; B

M
I: 

bo
dy

 m
as

s 
in

de
x;

 
C

C
B:

 c
al

ci
um

 c
ha

nn
el

 b
lo

ck
er

s;
 C

I: 
co

nf
id

en
ce

 in
te

rv
al

; C
V

D
: c

ar
di

ov
as

cu
la

r 
di

se
as

e;
 F

: f
lu

va
st

at
in

; H
R

: h
az

ar
d 

ra
tio

; L
: l

ov
as

ta
tin

; L
D

L:
 lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n;
 M

A
C

E:
 m

aj
or

 a
dv

er
se

 c
ar

di
ov

as
cu

la
r 

ev
en

ts
—

co
m

po
si

te
 o

f M
I a

nd
 is

ch
em

ic
 s

tr
ok

e;
 M

I: 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 P
i: 

pi
ta

va
st

at
in

; P
r:

 p
ra

va
st

at
in

; R
: r

os
uv

as
ta

tin
; S

: s
im

va
st

at
in

; T
B:

 t
hi

az
id

es
 a

nd
 B

B.
a� M

aj
or

 C
V

 e
ve

nt
—

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
 s

tr
ok

e,
 c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t, 

or
 p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n.

T
ab

le
 1

. (
C

on
tin

ue
d)



6	 SAGE Open Medicine

new-onset diabetes (lovastatin HR = 1.36, p < 0.0001; simvas-
tatin HR = 1.30, p = 0.0001; pravastatin HR = 1.07, p = 0.3092) 
in a different study by Ma et al.13 While the methods were 
similar in these two studies, differences that may contribute 
to the contrasting results include an older patient population 
and higher doses of lovastatin and simvastatin in the second 
study. Other baseline characteristics that influence the risk of 
new-onset diabetes were not available to assess differences 
between studies. Carter et  al.15 postulated that pravastatin 
would be beneficial to use in patients at increased risk of 
developing diabetes mellitus based on hydrophilicity and 
accordingly found increased risk with atorvastatin (HR = 1.22, 
95% confidence interval (CI) = 1.15–1.29), rosuvastatin 
(HR = 1.18, 95% CI = 1.10–1.26), and simvastatin (HR = 1.10, 
95% CI = 1.04–1.17) when compared to pravastatin. This 
increased risk may also be related to the higher intensity of 
the latter statins, including the other hydrophilic statin rosuv-
astatin, when compared to pravastatin. Cho et al.16 concluded 
that pitavastatin was associated with an increased risk of new-
onset diabetes when compared to simvastatin (HR = 2.68, 
95% CI = 1.26–5.71, p = 0.011); however, this was the only 
study that included pitavastatin, so these results should be 
compared with the results from other studies with caution.

The relationship between statin intensity and new-onset 
diabetes has been explored. Ko et al.14 concluded that inten-
sive-dose statins had no higher risk of new-onset diabetes than 
moderate-dose statins at 5 years (13.6% versus 13.0%, 
p = 0.19); however, Dormuth et al.17 found a 15% higher rate 
of new-onset diabetes in the high-potency statin group when 
compared to the other statins. A subgroup analysis in the study 
by Ma et al.12 found a dose–response relationship with atorv-
astatin, but not with other statins. Corrao et  al.18 classified 
statins according to intensity, but compared results in groups 
based on adherence and determined that the rate of new-onset 
diabetes increased with increasing adherence (high-potency 
statins, high adherence HR = 1.43, 95% CI = 1.19–1.73; low-
potency statins, high adherence HR = 1.24, 95% CI = 1.08–
1.43). Zaharan et al.19 found a significant association between 
new-onset diabetes and statin use, dose, and duration of ther-
apy (HR = 1.02, p < 0.0001).

Difference in risk of patients receiving statins for primary or 
secondary prevention was also addressed in several studies. 
Wang et al.11 noted that while the risk–benefit profile was simi-
lar in patients receiving statins versus control in the primary 
prevention population, patients receiving statins for secondary 
prevention showed a benefit in preventing in-hospital fatalities, 
which outweighed the risk of developing new-onset diabetes 
when compared to a control population. Carter et al.15 found 
consistent results in the primary endpoint of new-onset diabetes 
in both the primary (HR atorvastatin = 1.20, rosuvastatin = 1.12, 
simvastatin = 1.12) and secondary prevention populations (HR 
atorvastatin = 1.25, rosuvastatin = 1.24, simvastatin = 1.14).

Only two of the studies simultaneously evaluated the 
effect of statins for prevention of cardiovascular outcomes in 
order to assess risk–benefit. Ko et  al.14 found that higher 

intensity statins were associated with a small increase in the 
number of cases of new-onset diabetes, but were also associ-
ated with a larger reduction in acute coronary syndromes 
(22.2% versus 23.5%, p = 0.039). Wang et  al.11 concluded 
that while statins are associated with an increased risk of 
new-onset diabetes (HR = 1.15, p < 0.001), the cardiovascu-
lar benefits seen in high-risk and secondary prevention popu-
lations outweigh this risk.

Inclusion and exclusion criteria varied among studies; 
however, in general, most studies included patients who 
were receiving statin monotherapy and excluded those who 
were already diagnosed with diabetes mellitus, as deter-
mined by prescription history or hospital admission data. 
These retrospective studies were limited by the fact that 
some diagnoses may have been missed based on retrospec-
tively gathering secondary information from healthcare data-
bases. Additionally, the definition of diabetes mellitus varied 
between the studies. Definitions of new-onset diabetes 
included International Classification of Diseases (ICD)-9 
codes for diabetes mellitus, dispensing of oral antidiabetic 
medications or insulin, or diagnosis of diabetes mellitus 
listed in a validated healthcare database; however, the defini-
tion was not consistent among all studies and may have unin-
tentionally excluded patients who had developed diabetes 
mellitus but did not meet the specified parameters. The pop-
ulations included in the studies also differed, mostly by age. 
Adherence and compliance were not assessed in most of the 
studies, and the studies could not control for all potential 
confounders, as some confounders could not be found in the 
databases which were utilized, such as family history of dia-
betes mellitus and tobacco abuse.11–21

In addition to retrospective cohort studies, two prospec-
tive cohort studies were identified.22,23 The results from these 
studies are available in Table 1. Unlike the retrospective 
studies, the prospective studies were mixed in that Izzo et al. 
did not identify increased risk of new-onset diabetes with 
statins (adjusted HR = 1.03, 95% CI = 0.79–1.35), but Culver 
et  al. did (adjusted HR = 1.48, 95% CI = 1.38–1.59). Both 
studies were consistent in that approximately 10% of statin 
users experienced new-onset diabetes; however, Culver et al. 
observed a lower risk of new-onset diabetes in non-statin 
users (6.4%) compared to Izzo et  al. (8.7%). Investigators 
accounted for different confounding variables in their multi-
variate analyses: Culver et al. adjusted for age, race, educa-
tion, cigarette smoking, BMI, physical activity, alcohol 
intake, energy intake, family history, hormonal therapy, and 
baseline cardiovascular risk; however, the model used in 
Izzo et al. only accounted for age, gender, duration of hyper-
tension, and undescribed “baseline parameters.”

In addition to varying greatly in covariates assessed in 
their analyses, the two prospective cohort studies differed 
greatly in terms of patient population. Culver et al., as part of 
the Women’s Health Initiative, included post-menopausal 
women, while Izzo et al. assessed a cohort of hypertensive 
patients treated at a sample of clinics in Italy. The results 
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from each study may be limited by inclusion of very specific 
populations of patients. Additionally, the results from Izzo 
et al. may be at increased risk of Type II statistical error giv-
ing relatively low enrollment compared to other observa-
tional studies and failure to account for the wide range of 
potential covariates assessed by Culver et al. The large size 
(n = 153,840) and prospective design lend additional cre-
dence to the results obtained by Culver et al. compared to 
other cohort studies; however, the large study design also 
increases power of the study to detect minor, clinically irrel-
evant differences between groups.

Meta-analyses

Seven meta-analyses assessing the risk of new-onset diabe-
tes in patients on statins were identified.24–30 Six of seven 
included only interventional studies. The results were varied 
with a small, statistically significant increased risk identified 
in patients on statins when compared to placebo or active 
control in aggregate (relative risk (RR) = 1.09–1.18)25,28 and 
patients on intensive statin therapy compared to moderate 
statin therapy (odds ratio (OR) = 1.12, RR = 1.18).26,28 
However, increased risk was not identified when any statin 
use was compared to placebo alone,23,30 individual statins 
were compared,27 and in the single identified meta-analysis 
that included observational studies.29 The meta-analysis con-
ducted by Navarese et al.27 is noteworthy for having the larg-
est patient population while still not identifying a statistically 
significant increased risk of any individual statins; however, 
application of this finding is limited by the lack of heteroge-
neity data.

The NNH for new-onset diabetes varied from 125 to 250 
in the meta-analyses which found statistically significant 
increases.15–17 Similarly, the absolute differences in rates of 
new-onset diabetes were low (i.e. 0.4%–0.8%). Preiss et al.26 
published the only meta-analysis that directly compared risk 
of new-onset diabetes to risk of cardiovascular events. 
Investigators found that although there was increased risk of 
new-onset diabetes with high-intensity statin therapy com-
pared to moderate-intensity statin therapy (8.8% versus 8.0%, 
OR = 1.12 (95% CI = 1.04–1.22), NNH = 125), the increased 
risk was offset by a composite reduction in cardiovascular 
events (19.1% versus 21.7%, RR = 0.84 (95% CI = 0.75–
0.94), number needed to treat (NNT) = 39). The heterogeneity 
in the latter meta-analysis was substantial, likely due to the 
variety of events included in the composite cardiovascular 
outcome.

Heterogeneity results are reported in Table 2, when avail-
able. Overall, heterogeneity was low in most studies (i.e. 
0%–11%) increasing confidence in findings;24–26,28 however, 
there were several exceptions. Heterogeneity was moderate 
in the study conducted by Coleman et al.30 (likely due to the 
inclusion of clinical studies describing both primary and sec-
ondary cardiovascular prevention) and substantial in the 
study conducted by Macedo et al.29 The latter was the only 

identified meta-analysis that included observational studies; 
however, only two studies (one cohort and one case–control) 
of varying size (153,840 and 4682 patients) were included. 
Despite the large number of patients assessed in this study, 
the results are greatly limited by the large number of cohort 
studies, discussed in this review, that were not included. Few 
relevant studies were identified due to investigator require-
ment that only prospective, observational studies be included 
in the analysis. The higher heterogeneity in both Coleman 
et al. and Macedo et al. suggests that their common finding 
of a lack of association between statins and new-onset diabe-
tes should be interpreted with caution.

The most common comparison was all statin therapy 
compared to control.24,25,29 Only one meta-analysis assessed 
differences in risk of new-onset diabetes based on individual 
agents and doses,27 rather than by pooling results for high-
intensity and moderate-intensity therapy.26,28 The study 
assessing individual agents did not find increased risk of 
new-onset diabetes with any one agent or dose,27 possibly 
due to lack of power to identify such small incremental risk. 
Despite this finding, the possibility for a small risk of new-
onset diabetes on higher intensity or higher dose statins is 
underscored by findings from a direct comparison where 
high-intensity therapy resulted in higher odds for new-onset 
diabetes than moderate-intensity therapy (8.8% versus 8.0%, 
OR = 1.12, 95% CI = 1.04–1.22).26 The NNH for new-onset 
diabetes was 250 in the moderate-intensity and 125 in the 
high-intensity group.

Discussion

This review focused on observational studies and meta-anal-
yses specifically designed to evaluate risk of statin-induced 
new-onset diabetes. Our findings, similar to those of the 
Statin Diabetes Task Force,9 suggest that statins have been 
consistently associated with a small increased risk of new-
onset diabetes, relative to placebo or no treatment, especially 
in studies of stronger study design (e.g. prospective, larger 
sample size observational studies, lower heterogeneity meta-
analyses). It should be noted that while results were gener-
ally statistically significant in favor of a statin effect, the 
absolute risk of new-onset diabetes was generally small. 
While the Statin Diabetes Task Force states that any statin 
use is associated with a 10% increased risk of new-onset dia-
betes and a 12% increased risk of high-intensity statins, our 
findings suggest that these are relative numbers based on 
much smaller increases in absolute risk in observational 
studies (0%–5%) and meta-analyses (0%–2%).9 Additionally, 
each study that assessed incidence of major cardiovascular 
endpoints found a corresponding reduction in these events 
(NNT = 39–77) that likely would outweigh the possible risk 
of new-onset diabetes (NNH = 125–250).14,25,26 There was a 
lack of literature that simultaneously assessed both new-
onset diabetes and major cardiovascular events, making it 
difficult to draw firm conclusions in this area. It should be 
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cautioned that although observational studies are preferred 
for evaluating safety issues, inherent limitations such as use 
of retrospective data, potential for recall bias, and lack of 
randomization to reduce impact of confounding variables 
limit the ability to draw definite conclusions. The small dif-
ference in new-onset diabetes observed in some studies 
could also be attributed to survival bias, particularly in 
observational studies. This phenomenon could lead to small 
increases in diabetes diagnosis in the statin groups due to 
extended patient survival.

While the conclusion can be made that statins, as a class, 
are associated with an increased risk of new-onset diabetes, 
the question of whether a certain dose or agent carries a 
higher risk is not as clear. Several of the observational studies 
indicated that the risk of new-onset diabetes may be higher 
with higher intensity statins, but this finding was not consist-
ent among all the studies that compared statin intensity. The 
definition of high-intensity statin also varied between studies, 
decreasing the ability to compare results across studies. Also, 
some observational studies found increased risk associated 

with certain statins. Other studies found decreased risk based 
on hydrophilic statins; however, the results from other studies 
contradicted those results. When the results from all studies 
are considered, no one dose or agent is clearly associated with 
increased risk of new-onset diabetes.

Differences in risk–benefit ratio based on indication of 
statin for primary or secondary prevention has also been 
explored. While the risk–benefit profile seems to be similar 
in patients receiving statins versus controls for primary pre-
vention, patients receiving statins for secondary prevention 
experienced less in-hospital fatalities over 10 years than con-
trols, which outweighed the risk of developing new-onset 
diabetes when compared to a control population in one study 
conducted in Taiwanese patients.11 While the clear cardio-
vascular benefits of statins make randomized, controlled tri-
als of high-intensity statins versus placebo or low-intensity 
statins inappropriate, further research is needed to determine 
individual patients who might be at highest risk of new-onset 
diabetes. The factors considered in the Pooled Cohort 
Equations estimating 10-year ASCVD risk have not been 

Table 3.  Studies included in meta-analyses of clinical trials.

Control Rajpathak 
et al.24

Sattar 
et al.25

Preiss 
et al.26

Navarese 
et al.27

Cai 
et al.28

Coleman 
et al.30

  Placebo Active or 
placebo

Active Active or 
placebo

Active or 
placebo

Placebo

Included clinical trials
  4S X X X  
  A to Z X  
  AFCAPS/TexCAPS X X X  
  ALLHAT-LLT X X X  
  ASCOT X X X X X
  CORONA X X X X X
  GISSI X X X  
  GISSI-HF X X X  
  HPS X X X X X
  IDEAL X X  
  JUPITER X X X X  
  LIPID X X X X X
  MEGA X X X  
  PROSPER X X X  
  PROVE-IT-TIMI-22 X X  
  SEARCH X  
  SPARCL X X  
  TNT X X  
  WOSCOPS X X X X X

4S: Scandinavian Simvastatin Survival Study; A to Z: early intensive versus a delayed conservative simvastatin strategy in patients with acute coronary syn-
dromes; AFCAPS/TexCAPS: Air Force/Texas Coronary Atherosclerosis Prevention Study; ALLHAT-LLT: Antihypertensive and Lipid-Lowering Treatment 
to Prevent Heart Attack Trial–Lipid-Lowering Trial; ASCOT: Anglo-Scandinavian Cardiac Outcomes Trial–Lipid-Lowering Arm; CORONA: Controlled 
Rosuvastatin Multinational Trial in Heart Failure; GISSI: Gruppo Italiano per Io Studio Della Sopravvivenza Nell’Infarto Miocardico; GISSI-HF: Gruppo 
Italiano per Io Studio Della Sopravvivenza Nell’Infarto Miocardio–Heart Failure; HPS: Heart Protection Study; IDEAL: Incremental Decrease in End Points 
through Aggressive Lipid Lowering; JUPITER: Justification for the Use of Statins in Primary Prevention; LIPID: Long-Term Intervention with Pravastatin 
in Ischemic Disease; MEGA: Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese; PROSPER: Prospective Study of 
Pravastatin in the Elderly at Risk; PROVE-IT-TIMI-22: Pravastatin or Atorvastatin Evaluation and Infection Therapy–Thrombolysis in Myocardial Infarction 
22; SEARCH: Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine; SPARCL: Stroke Prevention by Aggressive Reduction 
in Cholesterol Levels; TNT: Treating to New Targets; WOSCOPS: West of Scotland Coronary Prevention Study.
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consistently accounted for in prior studies and should be 
when weighing risk versus benefit of statin therapy for indi-
vidual patients. Additionally, further research is needed to 
quantify statin impact on new-onset diabetes accounting for 
other confounding variables, such as lifestyle factors, meta-
bolic syndrome, pre-diabetes, and comorbid conditions that 
increase new-onset diabetes risk. Covariates assessed in pub-
lished studies were highly variable and often lacking or unre-
ported, making it difficult to draw firm conclusions regarding 
whether statins themselves or incidental patient factors are 
more responsible for the small increased risk of new-onset 
diabetes.

The results from this review were similar to those found 
in three others, indicating that statins are associated with an 
increased risk of diabetes and that this is a class-related 
effect. Additional conclusions were that it would be prudent 
to closely monitor patients receiving statins who are at 
higher risk of developing diabetes, such as elevated triglyc-
erides, high fasting glucose level, higher BMI, and advanced 
age.31–33 This review provides findings from a wider scope 
of published studies compared to recent reviews, including 
that of the Statin Diabetes Taskforce and American Diabetes 
Association.9,10,31–33

The identified meta-analyses were generally limited in 
scope to randomized, controlled trials and excluded observa-
tional studies. While this approach decreased heterogeneity, 
it sets aside data from several large, impactful studies that 
were specifically designed to evaluate statin-induced diabe-
tes. An overview of the studies included in meta-analyses of 
clinical trials is provided in Table 3. The identified meta-
analyses were generally consistent in that the same studies 
were included; however, there were several minor differ-
ences that could have impacted results. A core group of 13 
trials were included in all three meta-analyses that assessed 
both active- and placebo-controlled trials; however, addi-
tional studies were included in Navarese et  al., possibly 
explaining the lack of statistically significant findings. The 
two meta-analyses that included placebo-controlled trials 
both included a common core group of five trials, but one 
included JUPITER,24 and the other included post hoc analy-
ses of West of Scotland Coronary Prevention Study 
(WOSCOPS) and Heart Protection Study (HPS),30 which 
could be a factor in the different results observed between 
studies. Cai et al., possibly the most impactful meta-analysis 
in terms of number of included studies combined with low 
heterogeneity, detected that although high- and moderate-
intensity statins were associated with statistically significant 
risk of new-onset diabetes, the results would not be consid-
ered clinically worrisome due to the low absolute event rates 
and high NNH values. One notable gap in the available lit-
erature was the lack of a meta-analysis that evaluated the 
large number of published observational studies on this 
topic, although the risk of heterogeneity due to differences in 
intervention, control, duration, patient population, and end-
points could limit impact of such a study.

There were several limitations to this review. First, the 
literature search was limited to use of PubMed, Google 
Scholar, and IPA. It is possible that additional databases (e.g. 
EMBASE) could yield further studies meeting our criteria; 
however, we believe the scope of our search was successful 
in identifying the most important studies focused on this 
topic. Additionally, it is possible that further data could be 
identified from major randomized, controlled trials assessing 
statin efficacy, as well as post hoc safety analyses of these 
studies. We chose to focus on studies designed to specifically 
answer research questions related to risk of statin-induced 
new-onset diabetes in order to focus on the most robust 
safety data available. Anecdotally, we observed that most of 
the major statin trials that incidentally observed increased 
risk of new-onset diabetes were included in the meta-analy-
ses that were evaluated as part of this review.

Conclusion

In a review focusing on literature specifically designed to 
investigate this association between statins and new-onset 
diabetes, statins have been associated with a small, but statis-
tically significant risk. This risk is not considered to be clini-
cally significant (due to small increases in absolute risk, 
particularly in meta-analyses of multiple studies), was incon-
sistent across published evidence, and is likely outweighed 
by statins’ benefits on cardiovascular risk reduction. Future 
research should focus on directly comparing risk of new-
onset diabetes versus risk of cardiovascular events and 
accounting for all potential factors that could increase risk of 
new-onset diabetes.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

	 1.	 Bhattacharya R, Ajmera M and Bhattacharjee B. Use of anti-
depressants and statins and short-term risk of new-onset diabe-
tes among high risk adults. Diabetes Res Clin Pract 2014; 105: 
251–260. DOI: 10.1016/j.diabres.2014.04.016.

	 2.	 Ong K, Waters DD, Messig M, et al. Effect of change in body 
weight on incident diabetes mellitus in patients with stable 
coronary artery disease treated with atorvastatin (from the 
treating to new targets study). Am J Cardiol 2014; 113: 1593–
1598. DOI: 10.1016/j.amjcard.2014.02.011.

	 3.	 Shepherd J, Blauw GJ, Murphy MG, et  al. Pravastatin in 
elderly individuals at risk of vascular disease (PROSPER): a 
randomised controlled trial. Lancet 2002; 360: 1623–1630.

	 4.	 Ridker PM, Pradhan A, MacFadyen JG, et al. Cardiovascular ben-
efits and diabetes risks of statin therapy in primary prevention: 



12	 SAGE Open Medicine

an analysis from the JUPITER trial. Lancet 2012; 360: 565–571. 
DOI: 10.1016/S0140-6736(12)61190-8.

	 5.	 Waters DD, Ho JE, Boekholdt SM, et al. Cardiovascular event 
reduction versus new-onset diabetes during atorvastatin ther-
apy. J Am Coll Cardiol 2013; 61: 148–152. DOI: 10.1016/j.
jacc.2012.09.042.

	 6.	 Stone NJ, Robinson J, Lichtenstein AH, et  al. 2014 
ACC/AHA guideline on the treatment of blood choles-
terol to reduce atherosclerotic cardiovascular risk in 
adults. Circulation 2014; 129: S1–S45. DOI: 10.1161/01.
cir.0000437738.63853.7a.

	 7.	 Brault M, Ray J, Gomez Y, et al. Statin treatment and new-
onset diabetes: a review of proposed mechanisms. Metabolism 
2014; 63: 735–745. DOI: 10.1016/j.metabol.2014.02.014.

	 8.	 US Food and Drug Administration (FDA). Drugs: FDA 
safety communication: important safety label changes to 
cholesterol-lowering statin drugs, http://www.fda.gov/drugs/
drugsafety/ucm293101.htm (28 February 2012, accessed 7 
January 2014).

	 9.	 Maki KC, Ridker P, Brown W, et  al. An assessment by the 
Statin Diabetes Safety Task Force: 2014 update. J Clin Lipidol 
2014; 8: S17–S29. DOI: 10.1016/j.jacl.2014.02.012.

	10.	 American Diabetes Association. Standards of medical care 
in diabetes-2015. Diabetes Care 2015; 38: S1–S93. DOI: 
10.2337/dc15-S003.

	11.	 Wang KL, Liu CJ, Chao TF, et  al. Statins, risk of diabetes, 
and implications on outcomes in the general population. 
J Am Coll Cardiol 2012; 60: 1231–1238. DOI: 10.1016/j.
jacc.2012.05.019.

	12.	 Ma T, Tien L, Fang C, et al. Statins and new-onset diabetes: 
a retrospective longitudinal cohort study. Clin Ther 2012; 9: 
1977–1983. DOI: 10.1016/j.clinthera.2012.08.004.

	13.	 Ma T, Chang MH, Tien L, et  al. The long-term effect of 
statins on the risk of new-onset diabetes mellitus in elderly 
Taiwanese patients with hypertension and dyslipidaemia. 
Drugs Aging 2012; 29: 45–51. DOI: 10.2165/11597250-
000000000-00000.

	14.	 Ko DT, Wijeysundera HC, Jackevicius CA, et  al. Diabetes 
mellitus and cardiovascular events in older patients with myo-
cardial infarction prescribed intensive-dose statins and mod-
erate-dose statins. Circ Cardiovasc Qual Outcomes 2013; 6: 
315–322. DOI: 10.1161/circoutcomes.111.000015.

	15.	 Carter AA, Gomes T, Camacho X, et al. Risk of incident dia-
betes among patients treated with statins: population based 
study. BMJ 2013; 346: f2610. DOI: 10, 1136/bmj.f2610.

	16.	 Cho Y, Choe EY, Lee Y, et  al. Risk of diabetes in patients 
treated with HMG-CoA reductase inhibitors. Metabolism 
2015; 64(4): 482–488. DOI: 10.1016/j.metabol.2014.09.008.

	17.	 Dormuth CR, Filion KB, Paterson JM, et al. Higher potency 
statins and the risk of new diabetes: multicentre, observational 
study of administrative databases. BMJ 2014; 348: g3244. 
DOI: 10.1136/bmj.g3244.

	18.	 Corrao G, Ibrahim B, Nicotra F, et al. Statins and the risk of 
diabetes: evidence from a large population-based cohort study. 
Diabetes Care 2014; 34: 2225–2232. DOI: 10.2337/dc13-
2215.

	19.	 Zaharan NL, Williams D and Bennett K. Statins and risk of 
treated incident diabetes in a primary care population. Br J 
Clin Pharmacol 2012; 75: 1118–1124.

	20.	 Currie O, Mangin D, Williman J, et al. The comparative risk 
of new-onset diabetes after prescription of drugs for cardio-
vascular risk prevention in primary care: a national cohort 
study. BMJ Open 2013; 3: e003475. DOI: 10.1136/bmjo-
pen-2013-003475.

	21.	 Van de Woestijne AP, van der Graaf Y, Westerink J, et  al. 
Effect of statin therapy on incident type 2 diabetes mellitus in 
patients with clinically manifest vascular disease. Am J Cardiol 
2015; 115: 441–446. DOI: 10.1016/j.amjcard.2014.11.021.

	22.	 Culver AL, Ockene IS, Balasubramanian R, et al. Statin use 
and risk of diabetes mellitus in postmenopausal women in the 
Women’s Health Initiative. Arch Intern Med 2012; 172(2): 
144–152. DOI: 10.1001/archinternmed.2011.625.

	23.	 Izzo R, de Simone G, Trimarco V, et al. Primary prevention 
with statins and incident diabetes in hypertensive patients at 
high cardiovascular risk. Nutr Metab Cardiovasc Dis 2012; 
23: 1101–1106. DOI: 10.1016/j.numecd.2012.11.002.

	24.	 Rajpathak SN, Kumbhani DJ, Crandall J, et al. Statin therapy 
and risk of developing type 2 diabetes: a meta-analysis. Diabetes 
Care 2009; 32: 1924–1929. DOI: 10.2337/dc09-0738.

	25.	 Sattar N, Preiss D, Murray HM, et al. Statins and risk of inci-
dent diabetes: a collaborative meta-analysis of randomized 
statin trials. Lancet 2010; 375: 735–742. DOI: 10.1016/
S0140-6736(09)61965-6.

	26.	 Preiss D, Seshasai SRK, Welsh P, et al. Risk of incident dia-
betes with intensive-dose compared with moderate-dose statin 
therapy: a meta-analysis. JAMA 2011; 305(24): 2556–2564. 
DOI: 10.1001/jama.2011.860.

	27.	 Navarese EP, Buffon A, Andreotti F, et al. Meta-analysis of 
impact of different types and doses of statins on new-onset 
diabetes mellitus. Am J Cardiol 2013; 111: 1123–1130. DOI: 
10.1016/j.amjcard.2012.12.037.

	28.	 Cai R, Yuan Y, Zhou Y, et al. Lower intensified target LDL-c 
level of statin therapy results in a higher risk of incident dia-
betes: a meta-analysis. PLoS ONE 2014; 9(8): e104922. DOI: 
10.1371/journal.pone.0104922.

	29.	 Macedo AF, Taylor FC, Casas JP, et al. Unintended effects of 
statins from observational studies in the general population: 
systematic review and meta-analysis. BMC Med 2014; 12: 51. 
DOI: 10.1186/1741-7015-12-51.

	30.	 Coleman CI, Reinhart K, Kluger J, et al. The effect of statins 
on the development of new-onset type 2 diabetes: a meta-anal-
ysis of randomized controlled trials. Curr Med Res Opin 2008; 
24(5): 1359–1362. DOI: 10.1185/030079908X292029.

	31.	 Ruscica M, Macchi C, Morlotti B, et  al. Statin therapy and 
related risk of new-onset type 2 diabetes mellitus. Eur J Intern 
Med 2014; 25: 401–406. DOI: 10.1016/j.ejim.2014.03.003.

	32.	 Bang CN and Okin PM. Statin treatment, new-onset diabetes, 
and other adverse effects: a systematic review. Curr Cardiol 
Rep 2014; 16: 461. DOI: 10.1007/s11886-013-0461-4.

	33.	 Osorio J. Statin potency is associated with risk of new-onset 
diabetes in patients with CVD. Nat Rev Endocrinol 2014; 10: 
444. DOI: 10.1038/nrendo.2014.95.

http://www.fda.gov/drugs/drugsafety/ucm293101.htm
http://www.fda.gov/drugs/drugsafety/ucm293101.htm



