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Association Between Psoriasis and
Subclinical Atherosclerosis
-Analysis
A Meta
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P soriasis is a chronic inflammatory skin disease character-
ized by relapsing thick scaling plaques.1 The prevalence

ranged from 0.91% to 8.5% in the adult population.2 Among

Inclusion criteria
the relationship betwe
arthritis and endothelia
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Abstract: The association between psoriasis and carotid intima-media

thickness (CIMT) or impaired flow-mediated dilation (FMD) remains

controversial. We aimed to evaluate the extent of subclinical athero-

sclerosis as measured by CIMT and FMD in patients with psoriasis by

conducting a meta-analysis.

A systematic literature search was performed using PubMed,

Embase, Cochrane databases, China National Knowledge Infrastruc-

ture, and VIP databases up to February 2015. Observational studies

investigating CIMT or FMD in patients with psoriasis and controls were

eligible. Psoriatic patients and controls were at least age- and sex-

matched. Random-effects analysis was used to estimate the weighted

mean difference (WMD) and 95% confidence interval (CI) between

psoriatic patients and controls.

A total of 20 studies were identified and analyzed. Meta-analysis

showed that psoriatic patients had a significantly thicker CIMT (WMD

0.11 mm; 95% CI 0.08–0.15) and lower FMD (WMD�2.79%;�4.14%

to �1.43%) than those in controls. Subgroup analysis indicated that

psoriatic arthritis appeared to have less impaired FMD (WMD�2.45%)

and thinner CIMT (WMD 0.10 mm). Psoriatic patients with mean age

>45 years had much thicker CIMT (WMD 0.13 mm). The impaired

FMD (WMD �3.99%) seemed more pronounced in psoriatic patients

with mean age <45 years.

This meta-analysis suggests that patients with psoriasis are associated

with excessive risk of subclinical atherosclerosis. Screening and monitor-

ing CIMT and brachial artery FMD may be recommended to identify a

subgroup of psoriatic patients at higher risk for cardiovascular events.

(Medicine 95(20):e3576)

Abbreviations: CIMT = carotid intima-media thickness, FMD =

impaired flow-mediated dilation, WMD = weighted mean

difference, CI = confidence interval, SD = standard deviation.

INTRODUCTION
g, MD, and Yu Fan, PhD

psoriatic patients, approximately 6% to 42% of the whites3 and
1% to 9% Asian patients4 were reported to have psoriatic
arthritis. Psoriatic arthritis is defined as inflammatory arthritis
associated with psoriasis. Psoriasis not only negatively affects
the quality of life, but also increases risk of cardiovascular
events5 and cardiovascular mortality.6 Therefore, early detec-
tion of subclinical atherosclerosis in psoriatic patients would
help to reduce cardiovascular morbidity and mortality.

Endothelial function7 and carotid intima-media thickness
(CIMT)8 have been suggested to be an important marker of
subclinical atherosclerosis. Assessment of flow-mediated
dilation (FMD) with high-resolution ultrasound in the brachial
artery is a widely used method to evaluate the endothelial
function.9 CIMT is usually determined by using B-mode ultra-
sound technique in the common carotid artery. Determination of
FMD and CIMT is widely used in clinical practice because of
their noninvasive technique. Most studies have shown evidence
of subclinical atherosclerosis in psoriatic patients as indicated
by increased CIMT10–23 or impaired FMD14,15,17,19,24–26 than
the matched controls. However, conflict findings regarding the
relationship between psoriasis and subclinical atherosclerosis
risk still exist.27–30 These conflicting results might be correlated
with the severity or duration of psoriasis and population studied.

This meta-analysis aims to quantitatively estimate the
association between psoriasis and subclinical atherosclerosis
as measured by CIMT and FMD in patients with psoriasis by
conducting a meta-analysis.

METHODS

Search Strategy
This study was conducted according to the recommen-

dations of the Meta-Analysis of Observational Studies in Epi-
demiology.31 This meta-analysis was not based on the
individual participant data; ethical approval was not applicable.
A systematic search of studies published before February 2015
was conducted through PubMed, Embase, Cochrane databases,
China National Knowledge Infrastructure, and VIP databases.
The following medical subject headings terms were used for the
literature search: ‘‘psoriasis’’ OR ‘‘psoriatic arthritis’’ AND
‘‘carotid intima-media thickness’’ OR ‘‘carotid atherosclerosis’’
AND ‘‘endothelial function’’ OR ‘‘flow-mediated dilation’’
AND ‘‘subclinical atherosclerosis’’. Only fully published
articles in peer-reviewed journals were included. The references
of retrieved articles were also reviewed to identify any
relevant study.

Inclusion and Exclusion Criteria

were: observational studies investigating
en psoriasis with or without psoriasis
l function (determination by FMD of the

www.md-journal.com | 1

http://dx.doi.org/10.1097/MD.0000000000003576


brachial artery using ultrasound technique) or mean CIMT;
reporting CIMT or FMD as continuous data for patients with
psoriasis and controls; psoriatic patients and controls were at
least age- and sex-matched. Exclusion criteria were: lack of an
eligible control group; evaluating endothelial function except
for FMD; studies did not provide CIMT or FMD as mean values
and standard deviation (SD) or standard error.

Data Extraction and Quality Assessment
The following data were extracted from each included

study: first author’s name, publication year, geographic region,
study design, type of psoriasis, psoriasis severity (Psoriasis Area
and Severity Index score), characteristics of participants (num-
ber, age, gender), CIMT (mean and SD), FMD (mean and SD),

Fang et al
matched factor, whether exclusion of cardiovascular risk factors
in participant selection. The methodological quality of the
selected studies was assessed by using the Newcastle–Ottawa

FIGURE 1. Flowchart of the study selection.

2 | www.md-journal.com
Scale (NOS)32 with the following 3 items: selection of the study
groups, between-group comparability, and the ascertainment of
either the exposure or the outcome. Study with NOS score �5
was judged to be of higher quality.

Statistical Analyses
CIMT and FMD were expressed as continuous data. The

pooled effect size was calculated as the weighted mean difference
(WMD) with 95% confidence interval (CI) by the inverse var-
iance optimal approach between the psoriatic patients and control
group. The degree of heterogeneity across studies was tested by
using the I2 statistic and Cochran Q statistic. A I2 statistic value
<50% or Cochran Q value of P< 0.05 was considered substantial
heterogeneity. Random-effects analysis was used to estimate the

Medicine � Volume 95, Number 20, May 2016
effect size because of the anticipated clinical heterogeneity
among included studies. The presence of publication bias was
investigated by the Egger regression33 and Begg correlation test34

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



T
A

B
L
E

1
.

B
a
se

lin
e

C
h

a
ra

ct
e
ri

st
ic

s
o
f

S
tu

d
ie

s
In

cl
u
d

e
d

in
th

e
M

e
ta

-A
n

a
ly

si
s

P
so

ri
as

is
P

at
ie

n
ts

C
on

tr
ol

s

S
tu

d
y/

Y
ea

r
R

eg
io

n
D

es
ig

n
T

yp
e

of
P

so
ri

as
is

S
u

b
je

ct
s

W
it

h
C

V
R

is
k

F
ac

to
rs

E
xc

lu
d

ed

S
iz

e
an

d
(%

)
of

M
al

es
A

ge
,

M
ea

n
�

S
D

P
A

S
I,

M
ea

n
�

S
D

/
R

an
ge

C
IM

T
,

m
m

,
M

ea
n
�

S
D

F
M

D
(%

),
M

ea
n
�

S
D

S
iz

e
an

d
(%

)
of

M
al

es
A

ge
,

M
ea

n
�

S
D

C
IM

T
,

m
m

,
M

ea
n
�

S
D

F
M

D
(%

)
M

ea
n
�

S
D

M
at

ch
ed

F
ac

to
rs

K
im

h
i

et
al

,
2

0
0

71
0

Is
ra

el
C

as
e-

co
n
tr

o
l

P
so

ri
at

ic
ar

th
ri

ti
s

Y
es

3
0

4
4

.5
2
�

1
0

2
.7
�

4
.5

0
.7

4
�

0
.1

2
N

P
3

0
4

5
.1

8
�

1
1

.2
0

.6
8
�

0
.0

7
N

P
A

g
e,

se
x

N
P

N
P

G
o
n
za

le
z-

Ju
an

at
ey

et
al

,
2

0
0

72
4

S
p
ai

n
C

ro
ss

-s
ec

ti
o
n
al

P
so

ri
at

ic
ar

th
ri

ti
s

Y
es

5
0

4
9

.7
�

1
2

.8
N

P
N

P
6

.3
�

3
.1

5
0

4
9

.9
�

1
2

.7
N

P
8

.2
�

3
.9

A
g

e,
se

x

5
4

%
5

4
%

G
o
n
za

le
z-

Ju
an

at
ey

et
al

,
2

0
0

71
1

S
p
ai

n
C

as
e

–
co

n
tr

o
l

P
so

ri
at

ic
ar

th
ri

ti
s

Y
es

5
9

4
8

.8
�

1
2

.4
N

P
0

.7
0
�

0
.1

7
N

P
5

9
4

8
.8
�

1
2

0
.6

4
�

0
.1

1
N

P
A

g
e,

se
x

5
2

.5
%

5
2

.5
%

T
am

et
al

,
2

0
0

81
2

H
o

n
g

K
o

n
g

C
ro

ss
-s

ec
ti

o
n
al

P
so

ri
at

ic
ar

th
ri

ti
s

N
o

8
2

4
9
�

1
0

2
.7

(1
.0

–
7

.8
)

0
.7

4
�

0
.1

3
N

P
8

2
5

0
�

1
0

0
.6

3
�

0
.0

7
N

P
A

g
e,

se
x

5
1

.2
%

5
1

.2
%

E
d

er
et

al
,

2
0

0
81

3
Is

ra
el

C
as

e
–

co
n
tr

o
l

P
so

ri
at

ic
ar

th
ri

ti
s

Y
es

4
0

5
7

.8
5

(4
3

–
7

6
)

N
P

1
.0

4
�

0
.3

5
N

P
4

0
5

7
.0

5
(3

4
–

7
9

)
0

.8
8
�

0
.2

9
N

P
A

g
e,

se
x

,
C

V
ri

sk
fa

ct
o

rs
3

0
%

3
0

%
C

o
n
te

ss
a

et
al

,
2

0
0

91
4

It
al

y
C

as
e

–
co

n
tr

o
l

P
so

ri
at

ic
ar

th
ri

ti
s

N
o

4
1

5
1

.9
�

8
.1

N
P

0
.7
�

0
.1

5
.9
�

2
.0

4
1

5
2

.1
�

7
.4

0
.6

2
�

0
.0

9
7

.9
�

2
.8

A
g

e,
se

x
,

an
d

B
M

I
7

5
.6

%
7

5
.6

%
B

al
ci

et
al

,
2

0
0

91
5

T
u

rk
ey

C
as

e
–

co
n

tr
o

l
P

so
ri

as
is

Y
es

4
3

3
8

.5
�

1
4

.4
6

.5
0
�

4
.4

4
0

.6
1
�

0
.1

5
1

3
.4
�

6
.4

4
3

3
8

.1
�

1
3

.9
0

.5
3
�

0
.1

0
1

9
.6
�

1
1

.2
A

g
e,

se
x

5
3

.5
%

5
3

.5
%

E
l-

M
o

n
gy

et
al

,
2

0
1

01
6

E
g

y
p

t
C

as
e

–
co

n
tr

o
l

P
so

ri
as

is
N

o
8

0
5

1
�

1
4

.1
2

9
.1
�

1
6

0
.9
�

0
.2

N
P

5
0

4
9

.2
�

6
.8

0
.7
�

0
.1

N
P

A
g

e,
se

x
6

0
%

6
2

%
K

ar
ad

ag
et

al
,

2
0

1
02

5
T

u
rk

ey
C

as
e

–
co

n
tr

o
l

P
so

ri
as

is
Y

es
7

5
4

0
.4
�

1
3

.0
4

.4
(1

.8
–

3
4

).
N

P
5

.6
�

2
.0

5
0

4
0

.1
�

1
1

.6
N

P
1

0
.9
�

1
.9

A
g

e,
se

x
3

6
%

2
4

%
A

tz
en

i
et

al
,

2
0

1
12

7
U

K
C

as
e

–
co

n
tr

o
l

P
so

ri
at

ic
ar

th
ri

ti
s

Y
es

2
2

5
4

.9
�

1
3

.0
5

.9
7
�

0
.7

0
0

.6
4
�

0
.2

6
N

P
3

5
5

5
.4
�

1
3

.0
0

.6
2
�

0
.5

2
N

P
A

g
e,

se
x

5
4

.6
%

5
4

.3
%

D
e

S
im

o
n

e
et

al
,

2
0

1
12

6
It

al
y

C
ro

ss
-s

ec
ti

o
n

al
þ

ca
se

–
co

n
tr

o
l

P
so

ri
as

is
N

o
3

2
3

6
.2
�

1
0

.3
1

7
.9
�

1
0

.9
N

P
6
�

6
3
1

4
1
�

1
1

N
P

1
1
�

6
A

g
e,

se
x

6
6

%
6

7
.7

%
U

st
a

et
al

,
2

0
1

12
8

T
u

rk
ey

P
ro

sp
ec

ti
v

e
ca

se
–

co
n

tr
o

l
P

so
ri

as
is

Y
es

2
9

3
4
�

9
4

.6
�

3
.8

N
P

3
.6
�

0
.6

3
2

5
3

5
�

9
N

3
.7

3
�

0
.5

7
A

g
e,

se
x

3
4

.5
4

4
%

Ib
ra

h
im

et
al

,
2

0
1

21
7

E
g
y
p
t

C
as

e
–

co
n
tr

o
l

P
so

ri
at

ic
ar

th
ri

ti
s

Y
es

6
0

4
8

.9
�

9
.1

2
7

.5
�

1
7

.5
0

.9
4
�

0
.3

5
3

.0
2
�

0
.8

4
6

0
4

8
.9

7
�

6
.4

0
.6

7
�

0
.1

0
5

.5
3
�

0
.7

9
A

g
e,

se
x

Medicine � Volume 95, Number 20, May 2016 Psoriasis and Subclinical Atherosclerosis

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 3



P
so

ri
as

is
P

at
ie

n
ts

C
on

tr
ol

s

S
tu

d
y/

Y
ea

r
R

eg
io

n
D

es
ig

n
T

yp
e

of
P

so
ri

as
is

S
u

b
je

ct
s

W
it

h
C

V
R

is
k

F
ac

to
rs

E
xc

lu
d

ed

S
iz

e
an

d
(%

)
of

M
al

es
A

ge
,

M
ea

n
�

S
D

P
A

S
I,

M
ea

n
�

S
D

/
R

an
ge

C
IM

T
,

m
m

,
M

ea
n
�

S
D

F
M

D
(%

),
M

ea
n
�

S
D

S
iz

e
an

d
(%

)
of

M
al

es
A

ge
,

M
ea

n
�

S
D

C
IM

T
,

m
m

,
M

ea
n
�

S
D

F
M

D
(%

)
M

ea
n
�

S
D

M
at

ch
ed

F
ac

to
rs

7
3

.3
%

7
0

%
A

lt
ek

in
et

al
,

2
0

1
21

8
T

u
rk

ey
C

as
e

–
co

n
tr

o
l

P
so

ri
as

is
Y

es
5

7
4

1
.8
�

1
0

.8
7

.8
�

7
.4

0
.7

3
�

0
.0

9
N

P
6

0
4

0
.0
�

9
.4

0
.6

6
�

0
.0

6
N

P
A

g
e,

se
x

5
4

.4
%

5
3

.3
%

K
ar

ol
i

et
al

,
2

0
1

31
9

In
d

ia
P

ro
sp

ec
ti

v
e

ca
se

–
co

n
tr

o
l

P
so

ri
as

is
N

o
9

6
4

6
�

1
4

.6
N

P
0

.8
4
�

0
.1

2
5

.6
�

2
1

0
0

4
7
�

1
6

.3
0

.6
2
�

0
.0

8
7

.5
�

2
.8

A
g

e,
se

x
,

an
d

w
ei

g
h

t
5

8
.3

%
5

4
%

Y
iu

et
al

,
2

0
1

32
0

H
o

n
g

K
o

n
g

C
ro

ss
-s

ec
ti

o
n

al
P

so
ri

as
is

N
o

7
0

4
6
�

9
1

4
.2
�

9
.6

0
.7

3
�

0
.1

2
N

P
5

1
4

5
�

7
0

.6
7
�

0
.0

8
N

P
A

g
e,

se
x

5
0

%
3

6
%

B
al

ta
et

al
,

2
0

1
42

1
T

u
rk

ey
C

as
e

–
co

n
tr

o
l

P
so

ri
as

is
Y

es
6

0
3

6
.8
�

1
2

.8
N

P
0

.5
4
�

0
.0

8
N

P
5

5
3

8
.5
�

1
3

.0
0

.5
0
�

0
.0

7
N

P
A

g
e,

se
x

6
0

%
7

0
.1

%
E

ls
h

ei
kh

et
al

,
2

0
1

42
2

E
g

y
p

t
C

as
e

–
co

n
tr

o
l

P
so

ri
as

is
Y

es
6

0
3

5
.9
�

5
.2

1
8

.4
9
�

1
1

.2
9

0
.7
�

0
.2

N
P

2
0

3
0
�

5
.9

0
.5
�

0
.1

N
P

A
g

e,
se

x
4

7
%

4
0

%
A

sh
a

et
al

,
2

0
1

42
3

In
d

ia
C

as
e

–
co

n
tr

o
l

P
so

ri
as

is
Y

es
8

0
4

0
.6
�

1
0

.6
1

5
.6

0
�

1
0

.7
9

0
.6

5
�

0
.1

4
N

P
8

0
4

1
.2
�

1
3

.0
0

.4
8
�

0
.1

0
N

P
A

g
e,

se
x

,
an

d
B

M
I

7
5

%
7

5
%

K
im

et
al

,
2

0
1

53
0

K
o

re
a

C
as

e
–

co
n

tr
o

l
P

so
ri

as
is

N
o

5
4

4
1

.8
�

1
2

.9
1

0
.7
�

7
.0

0
.5

6
�

0
.1

4
N

P
6

0
3

9
.3
�

1
1

.5
0

.5
3
�

0
.0

8
N

P
A

g
e,

se
x

4
8

.1
%

4
6

.7
%

B
M

I¼
b

o
d

y
m

as
s

in
d

ex
,

C
IM

T
¼

ca
ro

ti
d

in
ti

m
a-

m
ed

ia
th

ic
k
n
es

s,
C

V
¼

ca
rd

io
va

sc
u

la
r,

F
M

D
¼

fl
o

w
-m

ed
ia

te
d

d
il

at
io

n
,

N
P
¼

n
o

t
p

ro
v

id
e,

P
A

S
I¼

P
so

ri
as

is
A

re
a

an
d

S
ev

er
it

y
In

d
ex

.

Fang et al Medicine � Volume 95, Number 20, May 2016

4 | www.md-journal.com Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



T
A

B
L
E

2
.

Q
u
a
lit

y
A

ss
e
ss

m
e
n

t
o
f

S
tu

d
ie

s
In

cl
u
d

e
d

in
M

e
ta

-A
n

a
ly

si
s

S
tu

d
y/

Y
ea

r

Is
th

e
C

as
e

D
efi

n
it

io
n

A
d

eq
u

at
e?

R
ep

re
se

n
ta

ti
ve

n
es

s
of

th
e

C
as

es
S

el
ec

ti
on

of
C

on
tr

ol
s

D
efi

n
it

io
n

of
C

on
tr

ol
s

C
om

p
ar

ab
il

it
y

of
G

ro
u

p
s

on
B

as
is

of
D

es
ig

n
or

A
n

al
ys

is
A

sc
er

ta
in

m
en

t
of

E
xp

os
u

re

A
sc

er
ta

in
m

en
t

fo
r

B
ot

h
G

ro
u

p
s

W
it

h
S

am
e

M
et

h
od

N
on

re
sp

on
se

R
at

e
O

ve
ra

ll
N

O
S

S
co

re
s

K
im

h
i

et
al

,
2

0
0

7
1
0

$
$

$
$

$
$

$
$

8
G

o
n

za
le

z-
Ju

an
at

ey
et

al
,

2
0

0
7

2
4

$
$

$
$

$
$

$
7

G
o

n
za

le
z-

Ju
an

at
ey

et
al

,
2

0
0

7
1
1

$
$

$
$

$
$

$
7

T
am

et
al

,
2

0
0

8
1
2

$
$

$
$

$
$

$
$

8
E

d
er

et
al

,
2

0
0

8
1
3

$
$

$
$

$
$

$
$

8
C

o
n

te
ss

a
et

al
,

2
0

0
9

1
4

$
$

$
$

$
$

$
$

8
B

al
ci

et
al

,
2

0
0

9
1
5

$
$

$
$

$
$

$
$

$
9

E
l-

M
o

n
g

y
et

al
,

2
0

1
0

1
6

$
$

$
$

$
$

$
$

8
K

ar
ad

ag
et

al
,

2
0

1
0

2
5

$
$

$
$

$
$

$
7

A
tz

en
i

et
al

,
2

0
1

1
2
7

$
$

$
$

$
$

$
$

8
D

e
S

im
o

n
e

et
al

.
2

0
1

1
2
6

$
$

$
$

$
$

$
$

8
U

st
a

et
al

,
2

0
1

12
8

$
$

$
$

$
$

$
$

8
Ib

ra
h

im
et

al
,

2
0

1
2

1
7

$
$

$
$

$
$

$
$

8
A

lt
ek

in
et

al
,

2
0

1
2

1
8

$
$

$
$

$
$

$
8

K
ar

o
li

et
al

,
2

0
1

3
1
9

$
$

$
$

$
$

$
$

8
Y

iu
et

al
,

2
0

1
3

2
0

$
$

$
$

$
$

$
7

B
al

ta
et

al
,

2
0

1
4

2
1

$
$

$
$

$
$

$
7

E
ls

h
ei

k
h

et
al

,
2

0
1

4
2
2

$
$

$
$

$
$

$
$

8
A

sh
a

et
al

,
2

0
1

4
2
3

$
$

$
$

$
$

$
$

$
9

K
im

et
al

,
2

0
1

5
3
0

$
$

$
$

$
$

$
7

N
O

S
¼

N
ew

ca
st

le
–

O
tt

aw
a

S
ca

le
.

Medicine � Volume 95, Number 20, May 2016 Psoriasis and Subclinical Atherosclerosis

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 5



FIGURE 2. Forest plots showing the weighted mean difference of carotid intima-media thickness between psoriatic patients and controls

Fang et al Medicine � Volume 95, Number 20, May 2016
with a P value<0.01, which is statistically significant. Subgroups
analyses were performed according to the type of disease (psor-
iasis or psoriatic arthritis), study design (case-control or cross-
sectional), matched factor (matched BMI or not), mean age of
psoriatic patients (>45 years or<45 years), and whether partici-

in a random-effects model.
pants with cardiovascular risk factors were excluded. All stat-
istical analyses were performed with Stata software 12.0
(Statacorp, College Station, TX).

FIGURE 3. Forest plots showing the weighted mean difference of brach
random-effects model.

6 | www.md-journal.com
RESULTS

Study Selection
The initial literature search yielded a total of 766 potentially

relevant articles. After screening on the basis of abstracts or titles,

711 articles were excluded. After full manuscripts assessed for
eligibility, 26 articles appeared to satisfy the inclusion criteria.
Six articles were excluded for the following reasons: one study35

ial artery flow-mediated dilation psoriatic patients and controls in a

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



did not provide SD of the outcome; 2 studies36,37 did not provide
average intima-media thickness values; and participants’ selec-
tion did not match with age or sex in 2 studies.38,39 One study40

was further excluded because the reported FMD value was
particularly high in both psoriatic patients and controls than other
studies. Finally, only 20 studies10–28,30 were included in the
quantitative synthesis. The flowchart of the studies’ selection
process is outlined in Figure 1.

Study Characteristics
Twenty studies10–28,30 comprising 1066 psoriatic patients

and 962 controls were included in the meta-analysis. The
sample size of individual study ranged from 54 to 196. Of
the 20 studies, 1610,11,13–19,21–23,25,27,28,30 were case–control
studies, 312,20,24 were cross-sectional studies, and 126 was cross-
sectional plus case–control design. All the studies were pub-
lished from 2007 to 2014. All studies clearly reported matching
of patients and controls by sex and age design. Ten studies
excluded participants with preexisting cardiovascular risk fac-

Medicine � Volume 95, Number 20, May 2016
tors. The studies enrolled participants with a mean age range
from 30 to 57.85 years. The characteristics of the included
studies are shown in Table 1.10–28,30 All quality scores of the

TABLE 3. Subgroup Analyses of CIMT and FMD

Subgroup
Number of

Studies
Case/Control

Number W

CIMT
Type of disease

Psoriasis 9 600/519
Psoriatic arthritis 7 334/347

Study design
Case–control 14 782/733
Cross-sectional 2 152/133

Whether matched with BMI
Yes 3 217/221
No 14 717/645

Subject without CV risk factors
Yes 9 400/377
No 7 534/489

Mean age of psoriatic patients, y
>45 9 550/518
<45 7 384/348

FMD
Type of disease

Psoriasis 5 275/249
Psoriatic arthritis 3 151/151

Study design
Case–control 6 344/319
Cross-sectional 1 50/50

Subject without CV risk factors
Yes 3 213/228
No 5 214/172

Mean age of psoriatic patients, y
>45 4 247/251
<45 4 179/149

BMI¼ body mass index, CI¼ confidence interval, CIMT¼ carotid intima
WMD¼weighted mean difference.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
included studies were >5 according to the NOS. NOS scores of
the included studies are presented in Table 2.10–28,30

Psoriasis and CIMT
Sixteen studies10–23,27,30 assessed the CIMT difference in

934 psoriatic patients and 866 controls. As shown in Figure 2,
the pooled random-effect difference in CIMT indicated that
psoriatic patients had a significant increase in CIMT compared
with controls (WMD 0.11 mm; 95% CI 0.08–0.15). Substantial
heterogeneity was observed (I2¼ 90.7%; P< 0.001). Neither
the Begg rank correlation test (P¼ 0.137) nor the Egger linear
regression test (P¼ 0.634) showed evidence of publication bias.

Psoriasis and FMD
Eight studies14,15,17,19,24–26,28 assessed the FMD differ-

ence in 424 psoriatic patients and 400 controls. As shown in
Figure 3, the heterogeneity across the included trials was
significant (I2¼ 97%; P< 0.001), the pooled random-effect

Psoriasis and Subclinical Atherosclerosis
difference in FMD showed that psoriatic patients had a signifi-
cant decrease in FMD than controls (WMD �2.79%; 95% CI
�4.14% to �1.43%). Neither the Begg rank correlation test

Heterogeneity

Pooled
MD, mm 95% CI I2 Statistic P

0.12 0.07–0.17 94.3% 0.000
0.10 0.06–0.15 70.4% 0.002

0.12 0.08–0.16 91.6% 0.000
0.09 0.04–0.13 76.1% 0.041

0.16 0.08–0.24 93.3% 0.000
0.10 0.07–0.13 83.0% 0.000

0.10 0.06–0.14 79.7% 0.000
0.12 0.07–0.18 93.5% 0.000

0.13 0.08–0.19 90.5% 0.000
0.09 0.05–0.13 87.7% 0.000

�3.44% �5.96 to �0.92 97.9% 0.000
�2.45% �2.73 to �2.18 0.0% 0.479

�2.69% �4.25 to �1.14 97.8% 0.000
�1.90% �3.28 to �0.52 – –

�2.90% �4.80 to �1.00 98.3% 0.000
�2.23% �3.21 to �1.25 50.0% 0.135

�2.29% �2.64 to �1.94 17.6% 0.303
�3.99% �7.71 to �0.27 98.4% 0.000

-media thickness, CV¼ cardiovascular, FMD¼flow-mediated dilation,

www.md-journal.com | 7



(P¼ 0.348) nor the Egger linear regression test (P¼ 0.149)
showed evidence of publication bias.

Subgroup and Sensitivity Analyses
Subgroup analyses showed that psoriatic arthritis alone

appeared to have less CIMT (WMD 0.10 mm; 95% CI 0.06–
0.15) and less impaired FMD (WMD�2.45%; 95% CI�2.73 to
�2.18). Cardiovascular risk factors, age, and BMI of partici-

Fang et al
pants could influence the results. The detailed results of the
subgroup analyses are shown in Table 3. Sensitivity analyses
indicated that the pooled effect sizes of WMD for CIMT

FIGURE 4. Sensitivity analyses on carotid intima-media thickness (A)

8 | www.md-journal.com
(Figure 4A) or FMD (Figure 4B) changed very little by sequen-
tial omission of individual trials.

DISCUSSION
This meta-analysis suggests that patients with psoriasis are

associated with an increased CIMT and impaired brachial artery
FMD than the healthy controls, which reflects the subclinical
atherosclerosis. Compared with controls, psoriatic patients had

Medicine � Volume 95, Number 20, May 2016
2.79% reduction in brachial artery FMD and 0.11 mm thicker
CIMT. Particularly, psoriatic arthritis had less impaired brachial
artery FMD and thinner CIMT than total psoriatic patients.

and brachial artery flow-mediated dilation (B).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



When we investigated the relationship between psoriasis
and subclinical atherosclerosis, the impact of type of disease,
BMI, concomitant cardiovascular risk factors, and age should
be considered. Subgroup analysis showed that patients with
psoriatic arthritis appeared to have less impaired brachial artery
FMD and thinner CIMT than the total psoriatic patients. CIMT
may be affected by other cardiovascular risk factors. However,
WMD of impaired FMD or increased CIMT remained statisti-
cally significant for participants without clinical evidence of
atherosclerotic risk factors. These findings implied that the
clustering of cardiovascular risk factors in psoriatic patients
may amplify the effect of psoriasis on subclinical atherosclero-
sis. Psoriatic patients had a higher prevalence and incidence of
obesity.41 Subgroup analysis indicated that the pooled WMD of
CIMT was increased when we pooled studies of matching factor
with BMI. Together these findings, psoriatic patients were
associated with accelerated subclinical atherosclerosis and
might be independent of the classical atherosclerotic risk
factors.

Elder people are usually associated with accelerated ath-
erosclerosis. In this study, psoriatic patients with mean age>45
years appeared to have greater thicker CIMT than those younger
than 45 years. On the contrary, the impaired brachial artery
FMD was more pronounced in patients with mean age <45
years. Impaired endothelial function might precede any change
in CIMT. These findings revealed that determination of FMD
may be recommended for psoriatic patients with mean age <45
years, whereas measurement of CIMT might be suitable for the
older patients.

The association between psoriasis and risk of cardiovas-
cular disease is controversial. A well-designed meta-analysis
suggested that psoriasis was associated with ischemic heart
disease but not cerebrovascular disease and cardiovascular
mortality.42 Our meta-analyses indicated that patients with
psoriasis were associated with excessive risk of subclinical
atherosclerosis. Accordingly, a systematic review summarized
that patients with psoriasis and psoriatic arthritis had impaired
endothelial function compared with the general population, as
measured by pulse wave velocity and aortic stiffness
parameters.43 A more recent published meta-analysis44

suggested that patients with psoriatic arthritis appeared signifi-
cantly associated with markers of subclinical atherosclerosis.
However, this meta-analysis mainly focused on patients with
psoriatic arthritis but not address total psoriatic patients. These
meta-analyses supported that patients with psoriasis may
increase future cardiovascular morbidity and mortality.

The exact mechanisms of psoriasis in promoting athero-
sclerosis remain unclear. Psoriasis is considered a systemic
inflammatory condition. The chronic systemic inflammatory
state has been linked to an acceleration of the atherosclerotic
lesions. Chronic systemic inflammation induces endothelial
dysfunction, altered glucose metabolism, and insulin resistance
that play a significant role in the progress of atherosclerosis.45,46

Moreover, many immunological factors involved in psoriasis,
such as C-reactive protein and tumor necrosis factor-a, also
contribute to atherosclerosis.47

Several limitations should be considered. First, the causal
association between subclinical atherosclerosis and psoriasis
could not be defined because of the case–control or cross-
sectional nature of the included studies. Second, studies using
other techniques to evaluate subclinical atherosclerosis were not

Medicine � Volume 95, Number 20, May 2016
included in this meta-analysis. Third, as for the included studies
did not provide data about the severity or duration of psoriasis
on the subclinical atherosclerosis, so we could not determine

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
whether the severity of psoriasis or longer duration of the
disease increased the extent of subclinical atherosclerosis.
Fourth, significant heterogeneity in pooled CIMT
(I2¼ 90.7%) and FMD (I2¼ 97%) was observed. The sources
of heterogeneity might be correlated with the study design, age
of the participant, presence or absence of psoriatic arthritis, and
with or without atherosclerotic risk factors. Finally, we were
unable to determine the effects of pharmacologic therapy on the
progression of atherosclerosis in psoriatic patients.

CONCLUSIONS
This meta-analysis suggests that psoriatic patients are

associated with excessive risk of subclinical atherosclerosis
compared with the healthy controls. Assessment of CIMT
and FMD of the brachial artery may be recommended to
identify a subgroup of patients at higher risk for cardiovascular
events in psoriatic patients. Psoriatic patients with mean age
>45 years appeared to have greater thicker CIMTA and need
frequent follow-up. Moreover, further studies are needed on
whether the treatment of psoriasis will reverse subclinical
atherosclerosis.
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