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Abstract 
 

Background 

Sex differences in the clinical picture of adrenocorticotropic hormone (ACTH)-

dependent Cushing’s syndrome are controversial, except for the known higher 

prevalence in females. We compared a broad range of potential differences to enable 

a more accurate understanding of the clinical picture of sex-specific ACTH-dependent 

Cushing’s syndrome. 

 

Methods 

Cohort study including consecutive patients with ACTH-dependent Cushing’s 

syndrome from Leiden and Berlin diagnosed between 2000-2016, comparing clinical 

presentation, biochemical parameters, diagnostic tests, surgical outcome, and 

comorbidities between men and women. 

 

Results 

We included 130 patients: 37 males and 93 females. With similar cortisol 

concentrations, ACTH concentrations were higher in males than females at time of 

diagnosis (median: 116 ng/L versus 57 ng/L). The prevalence of osteoporosis was 

higher in males than in females (48.6% versus 25.0%), persisting after surgery, with 

more vertebral fractures (16.2% versus 5.4%) before surgery. Males showed more 

anemia (75.9% versus 36.8%) after surgery. There were no differences in etiology, 

pituitary tumor size, diagnostic and therapeutic strategy, or surgical outcome 

between sexes. 

 

Conclusions 

Based on this study, males and females with ACTH-dependent Cushing’s syndrome 

present different clinical patterns. However, these differences do not justify 

different diagnostic strategies or treatment based on sex, considering the similar 

surgical outcome. Clinicians should be alert to diagnose accompanying osteoporosis 

(with fractures) in male patients with ACTH-dependent Cushing’s syndrome. 
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Introduction 
 

Cushing’s syndrome is characterized by endogenous glucocorticoid excess, either 

adrenocorticotropic hormone (ACTH)-dependent or ACTH-independent, both with a 

variety of underlying causes (1). The vast majority of patients has Cushing’s disease 

caused by an ACTH-secreting pituitary adenoma, with an estimated incidence of 1.2-

1.7 per million each year (2). First-choice treatment for Cushing’s disease is 

transsphenoidal pituitary surgery, selectively removing the corticotroph adenoma (3). 

Ectopic Cushing’s syndrome is a rare condition resulting from a non-pituitary ACTH-

producing source, and is generally approached by removing the ACTH-producing 

tumor, if identified and resectable. Excess of glucocorticoids causes osteoporosis, 

central obesity, insulin resistance, dyslipidemia, hypertension, hypercoagulability and 

neuropsychiatric disorders (4, 5). Despite biochemical cure, mortality risk remains 

increased in patients with Cushing’s disease (6). 

 

Sex distribution differs markedly between different etiologies. There is consensus 

that Cushing’s disease occurs up to five times more often in females, and that male 

patients with ACTH-dependent Cushing’s syndrome have a relatively higher risk of an 

ectopic ACTH-secreting tumor. However, exact figures are lacking and a 

pathophysiological explanation for the sex distribution is absent (7, 8). Interestingly, 

the female preponderance is not yet present in prepubertal cases, suggesting that 

males are diagnosed with Cushing’s syndrome at a younger age (9, 10). This is 

confirmed by some studies in adults with Cushing’s syndrome (11, 12), but rejected 

by others (13, 14). Some cohort studies have reported males to have more severe 

clinical presentation (higher body mass index and waist circumference, reduced 

libido and sexual dysfunction, more striae, myopathy, and hypokalemia), biochemical 

parameters (higher ACTH, serum cortisol, and urinary free cortisol [UFC] 

concentrations), complications at diagnosis (higher HbA1c concentrations, more often 

hypertension, anemia, spine osteoporosis with vertebral fractures, rib fractures, and 

hypercoagulable state), and worse outcome after surgery (more often anemia, lower 

cortisol normalization rate, and higher recurrence rate), than females (8, 9, 11-16). 

Pituitary tumors were less easily visualized by pituitary magnetic resonance imaging 

(MRI) in males (12, 13). One study reported more macroadenomas, with higher 

invasion and apoplexy rate (11), whereas another study reported equal percentages 

of macroadenomas in males and females (12). No differences were found in quality of 

life between males and females on multiple validated questionnaires (CushingQoL, 

EQ-VAS, and SCL-90-R) (8, 11, 17). Table 1 summarizes the reported literature 

regarding sex differences (also reported as gender differences) in Cushing’s syndrome 

(8-18). 

 



Chapter 7 

130 
 

  

T
a
b
le

 1
: 

S
tu

d
ie

s 
o
n
 s

e
x
 d

if
fe

re
n
c
e
s 

in
 C

u
sh

in
g
’s

 s
y
n
d
ro

m
e
.#

 

A
u
th

o
r 

Y
e
a
r 

S
tu

d
y
 

c
e
n
te

r,
 

c
o
u
n
tr

y
 

N
u
m

b
e
r 

o
f 

p
a
ti

e
n
ts

 
(m

a
le

/ 
fe

m
a
le

) 

T
y
p
e
 o

f 
p
a
ti

e
n
ts

 
M

e
a
n
 a

g
e
 (

y
e
a
rs

) 
S
tu

d
y
 o

u
tc

o
m

e
: 

se
x
 d

if
fe

re
n
c
e
s 

S
tu

d
ie

s 
w

it
h
 s

e
x
 d

if
fe

re
n
c
e
s 

a
s 

p
ri

m
a
ry

 s
tu

d
y
 a

im
: 

A
m

b
ro

g
io

 
2
0
1
4
 

M
il
a
n
, 

It
a
ly

 
8
0
 (

1
7
/
6
3
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 
3
9
.1

  

(r
a
n
g
e
: 

1
5
-6

2
) 

M
a
le

: 
lo

w
e
r 

m
e
a
n
 h

e
m

o
g
lo

b
in

 a
n
d
 R

B
C

 v
a
lu

e
s 

th
a
n
 h

e
a
lt

h
y
 s

u
b
je

c
ts

, 

w
it

h
 i
n
c
re

a
se

d
 M

C
V
. 

R
B
C

 a
n
d
 h

e
m

o
g
lo

b
in

 c
o
rr

e
la

te
d
 t

o
 t

e
st

o
st

e
ro

n
e
 

le
v
e
ls

. 
A
ft

e
r 

su
rg

e
ry

 m
o
re

 a
n
e
m

ic
, 

sl
o
w

e
r 

n
o
rm

a
li
z
a
ti

o
n
 o

f 
h
e
m

o
g
lo

b
in

. 

B
o
th

 s
e
x
e
s:

 h
e
m

o
g
lo

b
in

 r
e
d
u
c
e
d
 1

.5
-2

x
 a

ft
e
r 

su
rg

e
ry

, 
re

g
a
rd

le
ss

 o
f 

su
rg

ic
a
l 
o
u
tc

o
m

e
. 

M
C
V
 d

e
c
re

a
se

d
 3

 m
o
n
th

s 
a
ft

e
r 

su
rg

e
ry

. 

H
u
a
n
 

2
0
1
4
 

J
i’

n
a
n
, 

C
h
in

a
 

8
7
 (

2
3
/
6
4
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 
4
3
.3

3
  

(r
a
n
g
e
: 

2
3
-6

5
) 

M
a
le

: 
y
o
u
n
g
e
r 

a
g
e
 a

t 
d
ia

g
n
o
si

s,
 l
a
rg

e
r 

a
d
e
n
o
m

a
 d

ia
m

e
te

r,
 h

ig
h
e
r 

in
v
a
si

o
n
 r

a
te

 a
n
d
 a

p
o
p
le

x
y
 r

a
te

, 
m

o
re

 o
st

e
o
p
o
ro

si
s,

 h
y
p
o
k
a
le

m
ia

, 
se

x
u
a
l 

d
y
sf

u
n
c
ti

o
n
, 

a
n
d
 h

y
p
e
rt

e
n
si

o
n
, 

h
ig

h
e
r 

p
re

o
p
e
ra

ti
v
e
 a

n
d
 p

o
st

o
p
e
ra

ti
v
e
 

(s
ix

 m
o
n
th

s 
a
ft

e
r 

su
rg

e
ry

) 
c
o
rt

is
o
l 
le

v
e
ls

, 
a
n
d
 a

 h
ig

h
e
r 

re
c
u
rr

e
n
c
e
 r

a
te

 

(3
0
.4

%
 v

s.
 7

.8
%
).

  

B
o
th

 s
e
x
e
s:

 n
o
 d

if
fe

re
n
c
e
s 

in
 C

u
sh

in
g
Q

o
L
 s

c
o
re

s.
 C

o
rt

is
o
l 
v
a
lu

e
s 

3
 d

a
y
s 

p
o
st

o
p
e
ra

ti
v
e
ly

 l
o
w

e
r 

th
a
n
 b

e
fo

re
 a

n
d
 6

 m
o
n
th

s 
a
ft

e
r 

su
rg

e
ry

. 

L
ib

u
it

 
2
0
1
5
 

B
e
th

e
sd

a
, 

U
S
A
 

1
0
2
 (

5
4
/
4
8
) 

C
u
sh

in
g
’s

 d
is

e
a
se

, 
o
n
ly

 

p
e
d
ia

tr
ic

 p
a
ti

e
n
ts

 

1
2
.9

  

(S
D

: 
3
.0

) 

M
a
le

: 
m

o
re

 l
ik

e
ly

 t
o
 p

re
se

n
t 

w
it

h
 h

ig
h
e
r 

B
M

I 
Z
-s

c
o
re

, 
lo

w
e
r 

h
e
ig

h
t 

Z
-

sc
o
re

, 
h
ig

h
e
r 

p
la

sm
a
 A

C
T
H

. 
 

F
e
m

a
le

: 
n
o
 s

p
e
c
if

ic
 s

ig
n
s 

o
r 

sy
m

p
to

m
s 

m
o
re

 o
ft

e
n
 a

t 
p
re

se
n
ta

ti
o
n
, 

in
c
re

a
se

d
 r

is
k
 o

f 
m

e
ta

b
o
li
c
 s

y
n
d
ro

m
e
 b

a
se

d
 o

n
 L

D
L
 a

t 
p
re

se
n
ta

ti
o
n
. 

B
o
th

 s
e
x
e
s:

 n
o
 d

if
fe

re
n
c
e
 i
n
 c

u
re

 r
a
te

, 
in

 a
ll
 p

a
ti

e
n
ts

 d
e
c
re

a
se

 i
n
 

p
re

v
a
le

n
c
e
 o

f 
m

e
ta

b
o
li
c
 s

y
n
d
ro

m
e
 a

ft
e
r 

su
rg

e
ry

, 
e
q
u
a
l 
tu

m
o
r 

si
z
e
. 

L
iu

 
2
0
1
5
 

S
h
a
n
g
h
a
i,

 

C
h
in

a
 

7
3
 (

1
3
/
6
0
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 
M

a
le

: 
3
0
.0

  

(r
a
n
g
e
: 

1
4
-6

4
) 

F
e
m

a
le

: 
3
3
.5

  

(r
a
n
g
e
: 

1
6
-6

2
) 

M
a
le

: 
si

g
n
if

ic
a
n
tl

y
 h

ig
h
e
r 

A
C
T
H

 (
n
o
t 

e
x
p
la

in
e
d
 b

y
 t

u
m

o
r 

si
z
e
),

 B
M

I,
 

H
b
A
1
c
, 

A
L
T
, 

A
S
T
, 

G
G

T
, 

sy
st

o
li
c
 b

lo
o
d
 p

re
ss

u
re

, 
a
n
d
 h

e
m

o
g
lo

b
in

, 
m

o
re

 

fr
e
q
u
e
n
tl

y
 p

u
rp

le
 s

tr
ia

e
, 

m
o
re

 f
a
tt

y
 l
iv

e
r 

a
ss

e
ss

e
d
 b

y
 u

lt
ra

so
u
n
d
. 

B
o
th

 s
e
x
e
s:

 n
o
 d

if
fe

re
n
c
e
s 

in
 p

la
sm

a
 c

o
rt

is
o
l,

 n
o
 d

if
fe

re
n
c
e
 i
n
 a

g
e
. 

M
il
ia

n
 

2
0
1
4
 

T
ü
b
in

g
e
n
, 

G
e
rm

a
n
y
 

7
2
 (

1
1
/
6
1
) 

C
u
sh

in
g
’s

 d
is

e
a
se

, 
o
n
ly

 

p
a
ti

e
n
ts

 b
io

c
h
e
m

ic
a
ll
y
 

c
u
re

d
 

4
5
.9

  

(r
a
n
g
e
: 

2
2
-7

6
) 

M
a
le

: 
p
ro

lo
n
g
e
d
 t

im
e
 t

o
 d

ia
g
n
o
si

s 
st

ro
n
g
 p

re
d
ic

ti
v
e
 f

a
c
to

r 
fo

r 
w

o
rs

e
 

p
sy

c
h
o
p
a
th

o
lo

g
ic

a
l 
st

a
tu

s 
(m

u
lt

ip
le

 d
im

e
n
si

o
n
s,

 S
C

L
-9

0
-R

).
  

B
o
th

 s
e
x
e
s:

 n
o
 s

ig
n
if

ic
a
n
t 

d
if

fe
re

n
c
e
 i
n
 t

h
e
 f

re
q
u
e
n
c
y
 o

f 

p
sy

c
h
o
p
a
th

o
lo

g
y
 (

in
 a

n
y
 o

f 
th

e
 d

im
e
n
si

o
n
s)

. 
P
re

se
n
c
e
 o

f 
h
y
p
o
c
o
rt

is
o
li
sm

 

w
a
s 

a
ss

o
c
ia

te
d
 w

it
h
 p

h
o
b
ic

 a
n
x
ie

ty
 i
n
 m

a
le

 a
n
d
 p

sy
c
h
o
ti

c
is

m
 i
n
 f

e
m

a
le

 

p
a
ti

e
n
ts

. 
H

y
p
o
p
it

u
it

a
ri

sm
 w

a
s 

c
o
rr

e
la

te
d
 w

it
h
 s

o
m

a
ti

z
a
ti

o
n
 i
n
 m

a
le

 a
n
d
 

p
sy

c
h
o
ti

c
is

m
 i
n
 f

e
m

a
le

 p
a
ti

e
n
ts

. 

P
e
c
o
ri

 

G
ir

a
ld

i 

2
0
0
3
 

M
il
a
n
, 

It
a
ly

 
2
8
0
 

(4
7
/
2
3
3
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 
M

a
le

: 
3
0
.5

  

(S
E
M

: 
1
.9

3
) 

F
e
m

a
le

: 
3
7
.0

  

(S
E
M

: 
0
.8

6
) 

M
a
le

: 
p
re

se
n
ta

ti
o
n
 a

t 
y
o
u
n
g
e
r 

a
g
e
, 

h
ig

h
e
r 

U
F
C
 a

n
d
 A

C
T
H

, 
lo

w
e
r 

se
n
si

ti
v
it

y
 o

f 
h
ig

h
 d

o
se

 d
e
x
a
m

e
th

a
so

n
e
 t

e
st

, 
m

o
re

 s
y
m

p
to

m
s 

in
d
ic

a
ti

v
e
 

o
f 

h
y
p
e
rc

a
ta

b
o
li
c
 s

ta
te

 (
o
st

e
o
p
o
ro

si
s,

 m
u
sc

le
 w

a
st

in
g
, 

st
ri

a
e
, 

n
e
p
h
ro

li
th

ia
si

s)
, 

m
o
re

 o
ft

e
n
 n

e
g
a
ti

v
e
 p

it
u
it

a
ry

 i
m

a
g
in

g
, 

a
n
d
 i
m

m
e
d
ia

te
 

a
n
d
 l
a
te

 s
u
rg

ic
a
l 
o
u
tc

o
m

e
 l
e
ss

 f
a
v
o
ra

b
le

 (
lo

w
e
r 

su
rg

ic
a
l 
su

c
c
e
ss

 r
a
te

 a
n
d
 

m
o
re

 f
re

q
u
e
n
t 

re
c
u
rr

e
n
c
e
).

  

B
o
th

 s
e
x
e
s:

 s
im

il
a
r 

ti
m

e
 i
n
te

rv
a
l 
b
e
tw

e
e
n
 a

p
p
e
a
ra

n
c
e
 o

f 
fi

rs
t 

sy
m

p
to

m
s 

o
f 

h
y
p
e
rc

o
rt

is
o
li
sm

 a
n
d
 d

ia
g
n
o
si

s.
 S

a
m

e
 p

e
rc

e
n
ta

g
e
 m

a
c
ro

a
d
e
n
o
m

a
. 

 



 Sex differences in Cushing’s syndrome 

131 
 

  

T
a
b
le

 1
: 

S
tu

d
ie

s 
o
n
 s

e
x
 d

if
fe

re
n
c
e
s 

in
 C

u
sh

in
g
’s

 s
y
n
d
ro

m
e
 (

c
o
n
ti

n
u
e
d
).

#
 

A
u
th

o
r 

Y
e
a
r 

S
tu

d
y
 

c
e
n
te

r,
 

c
o
u
n
tr

y
 

N
u
m

b
e
r 

o
f 

p
a
ti

e
n
ts

 
(m

a
le

/ 
fe

m
a
le

) 

T
y
p
e
 o

f 
p
a
ti

e
n
ts

 
M

e
a
n
 a

g
e
 (

y
e
a
rs

) 
S
tu

d
y
 o

u
tc

o
m

e
: 

se
x
 d

if
fe

re
n
c
e
s 

R
o
c
k
a
ll

 
2
0
0
3
 

L
o
n
d
o
n
, 

U
K
 

3
1
 (

7
/
2
4
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 

(n
=
2
0
),

  

a
d
re

n
a
l 
C
u
sh

in
g
’s

 

sy
n
d
ro

m
e
 (

n
=
5
),

 

e
c
to

p
ic

 C
u
sh

in
g
’s

 

sy
n
d
ro

m
e
 (

n
=
3
),

 

u
n
k
n
o
w

n
 e

ti
o
lo

g
y
 (

n
=
3
) 

4
5
  

(r
a
n
g
e
: 

1
7
-7

9
) 

M
a
le

: 
si

g
n
if

ic
a
n
t 

in
c
re

a
se

 i
n
 t

h
e
 V

:S
 (

v
is

c
e
ra

l 
fa

t:
su

b
c
u
ta

n
e
o
u
s 

fa
t)

 r
a
ti

o
 

c
o
m

p
a
re

d
 w

it
h
 n

o
n
-c

u
sh

in
g
o
id

 c
o
n
tr

o
ls

 (
c
o
n
tr

o
l 
d
a
ta

 f
ro

m
 l
it

e
ra

tu
re

).
  

F
e
m

a
le

: 
si

g
n
if

ic
a
n
t 

in
c
re

a
se

 i
n
 t

h
e
 V

:S
 r

a
ti

o
 c

o
m

p
a
re

d
 w

it
h
 n

o
n
-

c
u
sh

in
g
o
id

 c
o
n
tr

o
ls

. 

B
o
th

 s
e
x
e
s:

 T
h
e
re

 w
a
s 

n
o
 d

if
fe

re
n
c
e
 i
n
 t

h
e
 V

:S
 r

a
ti

o
 b

e
tw

e
e
n
 m

a
le

 a
n
d
 

fe
m

a
le

 p
a
ti

e
n
ts

. 

S
to

rr
 

2
0
0
4
 

L
o
n
d
o
n
, 

U
K
 

5
0
 (

2
1
/
2
9
) 

C
u
sh

in
g
’s

 d
is

e
a
se

, 
o
n
ly

 

p
a
ti

e
n
ts

 ≤
3
0
 y

e
a
rs

  

1
8
.0

  

(r
a
n
g
e
: 

6
.4

-3
0
.0

) 

In
 p

a
ti

e
n
ts

 1
8
 y

e
a
rs

 o
f 

a
g
e
 o

r 
y
o
u
n
g
e
r,

 t
h
e
re

 w
a
s 

n
o
 d

if
fe

re
n
c
e
 i
n
 t

h
e
 

se
v
e
ri

ty
 o

f 
h
y
p
e
rc

o
rt

is
o
le

m
ia

 o
r 

A
C
T
H

 a
t 

d
ia

g
n
o
si

s 
b
e
tw

e
e
n
 m

a
le

s 
a
n
d
 

fe
m

a
le

s.
 

S
tu

d
ie

s 
w

it
h
 s

e
x
 d

if
fe

re
n
c
e
s 

a
s 

se
c
o
n
d
a
ry

 s
tu

d
y
 a

im
: 

Z
il
io

 
2
0
1
4
 

P
a
d
o
v
a
, 

It
a
ly

 

8
4
 (

1
7
/
6
7
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 
4
2
.2

  

(r
a
n
g
e
: 

1
5
-7

0
) 

M
a
le

: 
h
ig

h
e
r 

U
F
C

 a
n
d
 A

C
T
H

 v
a
lu

e
s,

 l
o
w

e
r 

A
C
T
H

 r
e
sp

o
n
se

 t
o
 D

D
A
V
P
 

st
im

u
la

ti
o
n
. 

P
it

u
it

a
ry

 t
u
m

o
r 

le
ss

 e
a
si

ly
 v

is
u
a
li
z
e
d
 b

y
 p

it
u
it

a
ry

 M
R
I.

 M
o
re

 

fr
e
q
u
e
n
t 

o
r 

m
o
re

 s
e
v
e
re

 c
o
m

p
li
c
a
ti

o
n
s,

 i
n
 p

a
rt

ic
u
la

r 
h
y
p
o
k
a
le

m
ia

, 

h
y
p
e
rc

o
a
g
u
la

b
le

 s
ta

te
, 

a
n
d
 o

st
e
o
p
o
ro

si
s 

a
t 

lu
m

b
a
r 

sp
in

e
, 

w
it

h
 

c
o
n
se

q
u
e
n
t 

h
ig

h
e
r 

ri
sk

 o
f 

v
e
rt

e
b
ra

l 
fr

a
c
tu

re
s.

 M
a
le

 s
e
x
 w

a
s 

a
n
 

in
d
e
p
e
n
d
e
n
t 

ri
sk

 f
a
c
to

r 
fo

r 
d
y
sl

ip
id

e
m

ia
, 

se
v
e
ri

ty
 o

f 
h
y
p
e
rt

e
n
si

o
n
, 

lu
m

b
a
r 

o
st

e
o
p
o
ro

si
s 

a
n
d
 f

ra
c
tu

re
s.

 

B
o
th

 s
e
x
e
s:

 N
o
 d

if
fe

re
n
c
e
s 

in
 a

g
e
 a

t 
d
ia

g
n
o
si

s,
 d

is
e
a
se

 d
u
ra

ti
o
n
 a

n
d
 B

M
I.

 

T
h
e
 p

re
v
a
le

n
c
e
 o

f 
h
y
p
o
g
o
n
a
d
is

m
 d

id
 n

o
t 

si
g
n
if

ic
a
n
tl

y
 d

if
fe

r.
 

P
a
ti

l 
2
0
0
7
 

S
ta

n
fo

rd
, 

U
S
A
 

3
5
2
5
 

(6
4
9
/
2
8
7
1
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 
R
e
p
o
rt

e
d
 o

n
ly

 i
n
 

c
a
te

g
o
ri

e
s:

  

<
1
8
: 

1
4
7
 

1
8
-4

4
: 

2
2
4
6
 

4
5
-6

4
: 

9
6
6
 

>
6
4
: 

1
6
1
 

W
o
m

e
n
 w

e
re

 l
e
ss

 l
ik

e
ly

 t
h
a
n
 m

e
n
 t

o
 h

a
v
e
 a

n
 a

d
v
e
rs

e
 o

u
tc

o
m

e
 (

O
R
 0

.3
).

 

V
a
la

ss
i 

2
0
1
1
 

M
u
lt

ic
e
n
te

r 

(E
u
ro

p
e
) 

4
8
1
 

(9
1
/
3
9
1
) 

C
u
sh

in
g
’s

 d
is

e
a
se

 

(n
=
3
1
7
),

  

a
d
re

n
a
l 
C
u
sh

in
g
’s

 

sy
n
d
ro

m
e
 (

n
=
1
3
0
),

 

e
c
to

p
ic

 C
u
sh

in
g
’s

 

sy
n
d
ro

m
e
 (

n
=
2
4
),

 

o
th

e
r 

e
ti

o
lo

g
y
 (

n
=
1
0
) 

4
4
.2

  

(r
a
n
g
e
: 

1
5
-8

4
) 

M
a
le

: 
si

g
n
if

ic
a
n
tl

y
 h

ig
h
e
r 

p
ro

p
o
rt

io
n
 e

c
to

p
ic

 C
u
sh

in
g
’s

 s
y
n
d
ro

m
e
 t

h
a
n
 

o
th

e
r 

e
ti

o
lo

g
ie

s.
 R

e
d
u
c
e
d
 l
ib

id
o
 m

o
re

 p
re

v
a
le

n
t 

th
a
n
 i
n
 w

o
m

e
n
. 

H
ig

h
e
r 

p
re

v
a
le

n
c
e
 o

f 
sp

in
e
 o

st
e
o
p
o
ro

si
s,

 a
n
d
 m

o
re

 v
e
rt

e
b
ra

l 
a
n
d
 r

ib
 f

ra
c
tu

re
s.

 

M
e
a
n
 w

a
is

t 
si

g
n
if

ic
a
n
tl

y
 h

ig
h
e
r.

 H
y
p
e
rt

e
n
si

o
n
 (

8
3
%

),
 m

y
o
p
a
th

y
 (

7
1
%

),
 

a
n
d
 r

e
d
u
c
e
d
 l
ib

id
o
 (

6
9
%

) 
m

o
re

 c
o
m

m
o
n
. 

F
e
m

a
le

: 
w

e
ig

h
t 

g
a
in

 m
o
re

 c
o
m

m
o
n
. 

 

B
o
th

 s
e
x
e
s:

 n
o
 d

if
fe

re
n
c
e
 i
n
 t

h
e
 s

p
e
c
ia

li
st

s 
c
o
n
su

lt
e
d
 (

b
e
fo

re
 c

o
rr

e
c
t 

d
ia

g
n
o
si

s)
 (

o
th

e
r 

th
a
n
 g

y
n
e
c
o
lo

g
is

ts
).

 M
e
a
n
 C

u
sh

in
g
Q

o
L
 a

n
d
 E

Q
-V

A
S
 

sc
o
re

 n
o
t 

d
if

fe
re

n
t.

 
#
A
ll
 m

e
n
ti

o
n
e
d
 s

tu
d
ie

s 
w

e
re

 c
o
h
o
rt

 s
tu

d
ie

s.
 

A
C
T
H

=
a
d
re

n
o
c
o
rt

ic
o
tr

o
p
ic

 h
o
rm

o
n
e
, 

A
L
T
=
a
la

n
in

e
 a

m
in

o
tr

a
n
sf

e
ra

se
, 

A
S
T
=
a
sp

a
rt

a
te

 a
m

in
o
tr

a
n
sf

e
ra

se
, 

B
M

I=
b
o
d
y
 m

a
ss

 i
n
d
e
x
, 

C
u
sh

in
g
Q

o
L
=
C
u
sh

in
g
 Q

u
a
li
ty

 o
f 

L
if

e
 q

u
e
st

io
n
n
a
ir

e
, 

E
Q

-

V
A
S
=
E
u
ro

Q
o
L
-v

is
u
a
l 
a
n
a
lo

g
u
e
 s

c
a
le

, 
G

G
T
=
g
a
m

m
a
-g

lu
ta

m
y
lt

ra
n
sf

e
ra

se
, 

H
b
A
1
c
=
g
ly

c
a
te

d
 h

e
m

o
g
lo

b
in

, 
L
D

L
=
lo

w
-d

e
n
si

ty
 l
ip

o
p
ro

te
in

, 
M

C
V
=
m

e
a
n
 c

o
rp

u
sc

u
la

r 
v
o
lu

m
e
, 

O
R
=
o
d
d
s 

ra
ti

o
, 

R
B
C

=
re

d
 b

lo
o
d
 c

e
ll

, 
S
C

L
-9

0
-R

: 
S
y
m

p
to

m
 C

h
e
c
k
li
st

–r
e
v
is

e
d
, 

S
D

=
st

a
n
d
a
rd

 d
e
v
ia

ti
o
n
, 

S
E
M

=
st

a
n
d
a
rd

 e
rr

o
r 

o
f 

th
e
 m

e
a
n
, 

U
F
C

=
u
ri

n
a
ry

 f
re

e
 c

o
rt

is
o
l 

 



Chapter 7 

132 
 

Potential differences between males and females could for example be based on: 1) 

Different concentrations of corticosteroid binding globulin (CBG) (19), 2) Different 

interaction between corticosteroids and the gonadotroph axis, and 3) Different 

disease entity of Cushing’s syndrome. A large cohort study focusing on a broad range 

of potential differences between both sexes is needed to confirm the sometimes 

conflicting results from previous small studies focusing on a limited number of 

aspects, to enable a more accurate understanding of the clinical picture of sex-

specific ACTH-dependent Cushing’s syndrome. 

 

Study aims 

To compare the phenotype of male and female patients with ACTH-dependent 

Cushing’s syndrome regarding: 1) Clinical presentation, 2) Biochemical parameters 

and diagnostic test results, 3) Surgical outcome (i.e. percentage remission, 

hydrocortisone dependency, recurrence, and mortality), and comorbidities. Based on 

previous literature, we hypothesized that males show more symptoms related to 

hypercortisolism at diagnosis, with higher concentrations of ACTH and cortisol, and 

more comorbidity at diagnosis, specifically hypertension, anemia, and osteoporosis. 

We also hypothesized that males show worse outcome after surgery regarding 

remission and recurrence rate. 

 

 

Methods 
 

Study population  

Consecutive patients with ACTH-dependent Cushing’s syndrome from the Leiden 

University Medical Center and the Charité Universitätsmedizin Berlin were included. 

Only patients with a diagnosis from January 1
st
 2000 onwards were included, as this 

guaranteed data collection from equal time periods for both centers. There were no 

restrictions regarding treatment (transsphenoidal surgery, adrenalectomy, 

radiotherapy, medical treatment, and ectopic tumor resection).  

 

The process to diagnose ACTH-dependent Cushing’s syndrome was published 

previously (20). Cut-off levels for the used diagnostic tests varied between study 

center and time period, due to use of different assays. All patients had pituitary 

imaging by MRI, except for three patients who had computed tomography (CT) only: 

one Cushing’s disease patient due to a contraindication for MRI, and two ectopic 

Cushing patients who already had CT for other reasons, revealing tumors with a high 

suspicion of ectopic ACTH secretion.  

 

First choice treatment for Cushing’s disease was transsphenoidal adenomectomy 

(TSA). One patient underwent bilateral adrenalectomy (ACTH-dependent Cushing’s 
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syndrome without clear pituitary adenoma, but also no ectopic source), two did not 

have surgery yet within the study period, and two were being treated long-term 

medically (one with cabergoline and one with levoketoconazole in a controlled trial 

setting). For ectopic Cushing’s syndrome, first choice treatment was removal of the 

ectopic ACTH-producing tumor. In 2001, one patient had TSA first, as a pituitary 

adenoma was identified on MRI, before the diagnosis of ectopic Cushing’s syndrome 

was established. Two patients underwent adrenalectomy (one unilateral because the 

ectopic tumor was located in the adrenal, and one bilateral because this could be 

combined with a nephrectomy for a renal cell carcinoma), and two patients died 

before treatment was instituted. The method of postoperative evaluation and 

definitions of surgical outcomes (remission, recurrence, and persistent disease) were 

presented previously (20). 

 

Outcomes and follow-up  

Outcomes of interest were clinical presentation of ACTH-dependent Cushing’s 

syndrome, surgical outcome, and short- and long-term morbidity. Surgical outcome 

included percentage remission, hydrocortisone dependency, recurrence, and 

mortality. Hydrocortisone dependency was measured three months after surgery and 

was divided in three categories: a) Absolute deficiency if insufficient cortisol 

response to a stimulation test [corticotropin-releasing hormone (CRH)-test, ACTH-test 

or insulin tolerance test], b) Hydrocortisone for symptoms despite normal cortisol 

response to stimulation, and c) Pragmatic hydrocortisone replacement (without 

stimulation test). 

 

Short-term morbidity (≤3 months after first surgery) included 1) Anemia (defined as 

hemoglobin concentrations of <8.5 mmol/L for males and <7.5 mmol/L for females, 

measured within two weeks after surgery), 2) Anterior pituitary deficiency other than 

ACTH requiring medication (number of deficient axes, with gonadal axis deficiency 

also described separately), 3) Severe bleeding (requiring surgical intervention or 

bleeding described as severe in patient file), and 4) Cardiovascular event 

(thrombosis, pulmonary embolism, cerebrovascular accident, transient ischemic 

attack, and myocardial ischemia).  

 

Long-term morbidity (>3 months after first surgery) included 1) Anterior pituitary 

deficiency (one year after surgery), 2) Hypertension (de novo as well as persisting 

after surgery), 3) Diabetes mellitus (de novo as well as persisting after surgery), 4) 

Neuropsychiatric morbidity (complaints as well as consultation of psychologist or 

psychiatrist), 5) Osteoporosis (defined as a bone mineral density of -2.5 standard 

deviation [SD]), and 6) Fractures (symptomatic as well as radiologically diagnosed 

asymptomatic fractures were included, clinical vertebral and femoral fractures 
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described separately). Anterior pituitary deficiency was described only for patients 

after a transsphenoidal adenomectomy. 

 

We followed patients from date of diagnosis until death, loss to follow-up, or 31 

December 2016, whichever came first. The following patient information was 

collected at time of diagnosis: age, comorbidities (cardiovascular event, 

hypertension, diabetes mellitus, dyslipidemia, neuropsychiatric morbidity, anemia, 

osteoporosis, fractures in patient history), and all eight items of the Cushing’s 

syndrome Severity Index score (CSI score) (21). 

 

Ectopic Cushing’s syndrome was classified according to the following underlying 

disorders: neuroendocrine tumor of the gastrointestinal tract, lung tumor, and other 

source of ACTH production. Pituitary tumor size was divided into microadenomas (≤10 

mm) and macroadenomas (>10 mm). 

 

Risk of bias  

This study included all eligible patients to prevent selection bias. However, selective 

loss to follow-up could have led to selection bias, if more patients from one sex were 

lost to follow-up than from the other sex caused by e.g. presence of comorbidities. 

This could alter the percentages of patients with long-term comorbidity after 

treatment in our study, leading to biased results. Confounding was not assessed as a 

potential source of bias, as study groups were formed based on sex, and no factor of 

interest was thought to influence sex. Factors associated with sex could have 

influenced our results due to selection bias, e.g. by differences in age, and these 

factors were compared between both sexes, as described in the next paragraph. 

 

Statistical analysis 

The following contingency tables were prepared, comparing male to female patients 

with ACTH-dependent Cushing’s syndrome: 1) Demographic characteristics, 

phenotype of Cushing’s syndrome, and medical history (above mentioned patient 

information collected at time of diagnosis, as well as duration of follow-up), and 2) 

Surgical outcome, and short- and long-term morbidity. Furthermore, diagnostic 

strategy and results (biochemical parameters at diagnosis, type and result of 

radiologic imaging, simultaneous bilateral inferior petrosal sinus sampling, etiology of 

Cushing’s syndrome, tumor size for pituitary adenomas, medical treatment prior to 

surgery, histology results, and immunohistochemistry results) were compared 

between male and female patients. The unpaired T-test was used to compare 

outcomes for continuous variables, and for categorical variables the two-sample test 

of proportions was used. To correct for multiple testing, the Bonferroni method was 

used and tests were considered significant if p<0.001, although this was probably too 

conservative for this study due to correlations between the analyses (e.g. 
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osteoporosis and fractures). All performed analyses were reported in this article. In 

the tables, percentages were reported according to the total number of patients with 

a valid value for the specific parameter. If per parameter, data were missing for ≥5% 

of patients, this was marked in the tables. If variables with ≥5% missing data showed 

a clear difference between sexes, we also calculated percentages according to total 

number of patients, thereby assuming that patients with a missing value were 

rightfully unmeasured, and reported this in the results section only.  

 

Kaplan-Meier curves were constructed for overall survival since time of diagnosis, and 

for recurrence-free survival since time of surgery between male and female patients. 

For recurrence-free survival, only patients at risk for recurrence were included in the 

analysis. Cox proportional hazard regression analyses were performed to provide 

hazard ratios with 95% confidence intervals. 

 

IBM SPSS Statistics 23.0 (IBM Corp, Armonk, NY, USA) was used to perform all 

statistical analyses, except the two-sample test of proportions (command: prtesti), 

which was performed using Stata 14.2 (Stata Corp., College Station, TX, USA), to 

calculate the difference between two proportions with 95% confidence interval, as 

this was not provided by SPSS. Patients gave informed consent for use of their data 

for scientific research. Permission from the ethical committees in the LUMC and 

Charité Universitätsmedizin was granted. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) guidelines were used for reporting 

(22). 

 

 

Results 
 

Study population (Table 2) 

In total, 130 patients were included (n=85 from Leiden, n=45 from Berlin), of whom 

37 are males (28.5% of total, mean age: 45.3 years, range: 14-74 years) and 93 

females (mean age: 44.8 years, range: 10-80 years). With similar serum cortisol 

concentrations (median: 670 nmol/L versus 680 nmol/L) and UFC (median: 4.5 times 

upper limit of normal versus 3.4 times upper limit of normal), males had higher ACTH 

concentrations at time of diagnosis when compared to females (median: 116 ng/L 

versus 57 ng/L). There were no differences regarding etiology of Cushing’s syndrome 

(males 5.4% ectopic, females 4.3% ectopic), and tumor size of pituitary adenoma 

(males 40.0% macroadenomas, females 32.2% macroadenomas). Radiologic findings 

(pituitary adenoma, ectopic ACTH-secreting tumor, no tumor, or inconclusive), and 

percentage of patients with inferior petrosal sinus sampling were comparable for 

both sexes. Osteoporosis was more prevalent at time of diagnosis in males (48.6% 

versus 25.0%) than in females. Male patients also reported more fractures in their 
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patient history (27.0% versus 19.6%), mainly vertebral (16.2% versus 5.4%). None of 

these differences was statistically significant after Bonferroni correction. Males less 

often reported sex-related disturbances than females (positive item on Cushing’s 

syndrome Severity Index score: 22.8% versus 64.0%).  

 

Table 2: Demographic characteristics and phenotype of Cushing’s syndrome. 

 Male Female Tested difference  
(95% CI; p-value*) 

 N % N %  

Total number of patients 37 100.0 93 100.0  

Age at diagnosis, years# 45.3 16.4 44.8 15.1 0.5 (-5.4 to 6.5; p=0.87) 

Duration of follow-up (years)^ 5.9 2.2-9.8 5.6 1.9-12.2 0.6 (-1.2 to 2.5; p=0.50) 

Comorbidities at diagnosis  

Cardiovascular event 

Hypertension 

Diabetes mellitus 

Dyslipidemia 

Neuropsychiatric morbidity 

Anemia° 

- Hemoglobin (mmol/L)#° 

Osteoporosis 

Fractures in patient history 

- Vertebral fracture 

- Femoral fracture 

 

6 

28 

12 

7 

14 

3 

9.4 

18 

10 

6 

1 

 

16.2 

75.7 

32.4 

18.9 

37.8 

9.1 

1.0 

48.6 

27.0 

16.2 

2.7 

 

10 

64 

28 

18 

37 

7 

8.8 

23 

18 

5 

1 

 

10.9 

69.6 

30.4 

19.6 

39.8 

8.4 

1.0 

25.0 

19.6 

5.4 

1.1 

 

5.3% (-8.2% to 18.8%; p=0.41) 

6.1% (-10.6% to 22.8%; p=0.49) 

2.0% (-15.8% to 19.8%; p=0.82) 

0.7% (-14.3% to 15.7%; p=0.93) 

2.0% (-16.5% to 20.5%; p=0.83) 

0.7% (-10.8% to 12.2%; p=0.90) 

 

23.6% (5.2% to 42.0%; p=0.009) 

7.4% (-9.0% to 23.8%; p=0.36) 

Cushing’s syndrome Severity 

Index score# 

Fat distribution 

- Mild 

- Severe 

Skin lesions 

- Mild 

- Severe 

Muscle weakness 

- Mild 

- Severe 

Mood disorder 

- Mild 

- Severe 

Hypertension 

- Mild 

- Severe 

Diabetes mellitus 

- Mild 

- Severe 

Hypokalemia 

- Mild 

- Severe 

Sex-related disturbances 

- Mild 

- Severe 

6.2 

 

31 

16 

15 

27 

20 

7 

21 

8 

13 

14 

9 

5 

28 

24 

4 

11 

3 

8 

11 

3 

8 

8 

2 

6 

3.1 

 

88.6 

45.7 

42.9 

77.1 

57.1 

20.0 

60.0 

22.9 

37.1 

40.0 

25.7 

14.3 

80.0 

68.6 

11.4 

31.4 

8.6 

22.8 

31.4 

8.6 

22.8 

22.8 

5.7 

17.1 

6.9 

 

86 

28 

58 

64 

40 

24 

51 

19 

32 

42 

24 

18 

63 

51 

12 

32 

16 

16 

18 

5 

13 

57 

29 

28 

2.6 

 

96.6 

31.4 

65.2 

71.9 

44.9 

27.0 

57.3 

21.3 

36.0 

47.2 

27.0 

20.2 

70.8 

57.3 

13.5 

36.0 

18.0 

18.0 

20.2 

5.6 

14.6 

64.0 

32.6 

31.4 

-0.7 (-1.8 to 0.4; p=0.20) 

 

8.0% (-3.2% to 19.2%; p=0.083) 

 

 

5.2% (-11.6% to 22.0%; p=0.56) 

 

 

2.7% (-16.5% to 21.9%; p=0.78) 

 

 

7.2% (-12.1% to 26.5%; p=0.47) 

 

 

9.2% (-7.1% to 25.5%; p=0.30) 

 

 

4.6% (-13.7% to 22.9%; p=0.63) 

 

 

11.2% (-6.3% to 28.7%; p=0.19) 

 

 

41.2% (24.1% to 58.3%; p=0.000) 

CI=confidence interval  

*Due to the Bonferroni correction, tests were considered significant if p<0.001, #mean + standard deviation, 

^median + IQR, °data were missing for ≥5% of patients 
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Males and females were treated for Cushing’s syndrome similarly: percentage of 

patients with cortisol-lowering medication preoperatively (males 68.6%, females 

65.9%) was comparable. After surgery, histology results (tumor identified, no tumor 

identified, or inconclusive) and immunohistochemistry results (ACTH-positive or 

negative) were also similar for both sexes. 

 

Twenty patients were lost to follow-up (four males [10.8%] and sixteen females 

[17.2%], seventeen patients from Berlin, three patients from Leiden) after an average 

follow-up time of 71 months. For a detailed description of demographic 

characteristics, see Table 2, and Figures 1A-C. As there were only six patients with 

ectopic Cushing’s syndrome, no analyses were performed stratified by etiology. The 

ectopic ACTH-secreting tumors were: pancreatic neuroendocrine tumor (n=1), lung 

tumors (carcinoid [n=1] and carcinoma [n=1]), thymoma (n=1), thymic carcinoma 

(n=1), and pheochromocytoma (n=1). 

 

Surgical outcome  

There were 34 male patients with at least three months follow-up after surgery, of 

whom 28 were in remission (82.4%), and 22 were hydrocortisone dependent (64.7%). 

Of the 28 males in remission after surgery, recurrence occurred in eight patients 

(28.6%), after a mean of 55 months (range: 9-130 months). Five of these eight 

patients were hydrocortisone dependent three months after first surgery (62.5%). 

There were 85 female patients with at least three months follow-up after surgery, of 

whom 68 were in remission (80.0%), and of whom 55 were hydrocortisone dependent 

(64.7%). Of the 68 females in remission after surgery, recurrence occurred in fifteen 

patients (22.1%), after a mean of 30 months (range: 0-109 months). Eight of these 

fifteen patients were hydrocortisone dependent three months after first surgery 

(53.3%). The hazard ratio for recurrence was 1.22 (95% confidence interval: 0.52-

2.89) for males compared to females (Figure 2). Three months after surgery, ACTH 

concentrations were higher in males than in females (mean: 30 ng/L versus 11 ng/L). 

More detailed surgical outcome results can be found in Table 3. 

 

Overall survival  

Within the study period twelve patients died, five males and seven females. The 

hazard ratio for mortality was 2.35 (95% confidence interval: 0.73-7.51) for males 

compared to females. The Kaplan-Meier curves of overall survival are shown in Figure 

3. 
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A. Symptoms of Cushing's syndrome at diagnosis
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B. Comorbidities at diagnosis
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C. Comorbidities after treatment
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Figure 1: Comorbidities and symptoms of ACTH-dependent Cushing’s syndrome by sex. A: Symptoms of 

Cushing’s syndrome at diagnosis. B: Comorbidities at diagnosis. C: Comorbidities after treatment.  
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Table 3: Surgical outcome and short and long-term morbidity. 

 Male Female Tested difference (95% CI; p-value*) 

 N % N %  

Surgical outcome 

Cortisol direct postoperatively 

(nmol/L)^° 

Cortisol 3 to 6 months 

postoperatively (nmol/L)^° 

ACTH 3 to 6 months 

postoperatively (ng/L)^° 

Hydrocortisone dependency 

- Absolute deficiency  

- Normal cortisol response# 

- Pragmatic replacement§ 

Persistent disease 

Recurrent disease 

Adjuvant treatment 

- Radiotherapy 

- TSA 

- Adrenalectomy 

- Ectopic tumor resection 

- Medical treatment 

 

220 

 

180 

 

30 

 

22 

19 

0 

3 

6 

8 

15 

12 

8 

2 

0 

5 

 

50-510 

 

80-280 

 

8-72 

 

66.7 

57.6 

0.0 

9.1 

17.1 

22.9 

41.7 

33.3 

22.2 

5.6 

0.0 

13.9 

 

60 

 

130 

 

11 

 

55 

51 

1 

3 

17 

15 

32 

13 

22 

6 

1 

10 

 

30-360 

 

40-320 

 

5-33 

 

67.1 

62.2 

1.2 

3.7 

19.5 

17.2 

36.4 

14.8 

25.0 

6.8 

1.1 

11.4 

 

100 (-20 to 220; p=0.096) 

 

30 (-70 to 120; p=0.56) 

 

50 (-13 to 113; p=0.12) 

 

0.4% (-18.6% to 19.4%; p=0.97) 

 

 

 

2.4% (-12.6% to 17.4%; p=0.76) 

5.7% (-10.3% to 21.7%; p=0.47) 

5.3% (-13.7% to 24.3%; p=0.58) 

Short term morbidity: ≤3 

month after first surgery 

Anemia° 

- Hemoglobin (mmol/L)~° 

Anterior pituitary deficiency°+ 

- One axis 

- Two axes 

- Three axes 

- Gonadal axis deficiency 

Bleeding, severe 

Cardiovascular event 

 

 

22 

7.7 

10 

6 

2 

2 

7 

2 

3 

 

 

75.9 

1.3 

34.5 

20.7 

6.9 

6.9 

24.1 

6.1 

9.1 

 

 

25 

7.7 

17 

13 

3 

1 

5 

1 

4 

 

 

36.8 

1.0 

22.1 

16.9 

3.9 

1.3 

6.5 

1.2 

4.8 

 

 

39.1% (19.8% to 58.4%; p=0.000) 

 

12.4% (-7.2% to 32.0%; p=0.19) 

 

 

 

 

4.9% (-3.6% to 13.4%; p=0.13) 

4.3% (-6.5% to 15.1%; p=0.38) 

Long term morbidity: >3 

months after first surgery 

Anterior pituitary deficiency 

after 1 year°+ 

- One axis 

- Two axes 

- Three axes 

- Gonadal axis deficiency 

Hypertension 

Diabetes mellitus  

Neuropsychiatric morbidity 

Osteoporosis 

Fractures 

- Clinical vertebral fracture 

- Femoral fracture 

 

 

9 

 

4 

3 

2 

6 

23 

13 

3 

18 

1 

1 

0 

 

 

32.1 

 

14.3 

10.7 

7.1 

21.4 

63.9 

36.1 

8.3 

50.0 

2.8 

2.8 

0.0 

 

 

18 

 

14 

2 

2 

4 

48 

23 

16 

27 

4 

2 

0 

 

 

25.3 

 

19.7 

2.8 

2.8 

5.6 

55.2 

26.4 

18.2 

31.0 

4.6 

2.3 

0.0 

 

 

6.8% (-13.2% to 26.8%; p=0.49) 

 

 

 

 

 

8.7% (-10.2% to 27.6%; p=0.37) 

9.7% (-8.5% to 27.9%; p=0.28) 

9.9% (-2.2% to 22.0%; p=0.17) 

19.0% (0.0% to 38.0%; p=0.047) 

1.8% (-5.2% to 8.8%; p=0.65) 

ACTH=adrenocorticotropic hormone, CI=confidence interval, CSF=cerebrospinal fluid, SIADH=syndrome of 

inappropriate antidiuretic hormone release, TSA=transsphenoidal adenomectomy 

*Due to the Bonferroni correction, tests were considered significant if p<0.001, ~mean + standard deviation, 

^median + IQR, °data were missing for ≥5% of patients, +only for patients with TSA 
#Hydrocortisone for symptoms despite normal cortisol response to CRH stimulation. 
§Pragmatic hydrocortisone replacement (without stimulation test).  
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Short- and long-term morbidity  

Postoperatively, anemia was more prevalent in males than in females (75.9% versus 

36.8% for patients with a valid value only). If all patients were included in this 

analysis, assuming that patients without a valid value were rightfully unmeasured, 

this difference was even larger (78.4% versus 26.9%). After surgery, males continued 

to have osteoporosis more often than females (50.0% versus 31.0%). Overall, anterior 

pituitary deficiency was more prevalent in males than females (34.5% versus 22.1) 

three months after surgery. Specifically, gonadal axis deficiency needing replacement 

therapy was more prevalent in males (24.1% versus 6.5%). This difference remained 

one year after surgery. More detailed morbidity results can be found in Table 3, and 

in Figure 1B-C. 
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Figure 2: Recurrence-free survival by sex. 
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Discussion 
 

In this cohort study, we compared clinical presentation, biochemical parameters, 

diagnostic test results, surgical outcome, and morbidity in male versus female 

patients with ACTH-dependent Cushing’s syndrome. With similar serum cortisol 

concentrations and UFC, males had higher ACTH concentrations at time of diagnosis 

than females, with no difference in etiology of Cushing’s syndrome and pituitary 

tumor size between the sexes. Cushing’s disease was the most common cause of 

ACTH-dependent Cushing’s syndrome in both male and female patients. At diagnosis 

of Cushing’s syndrome, we found a higher prevalence of osteoporosis with (vertebral) 

fractures in males than females. After surgery, the higher prevalence of osteoporosis 

with (vertebral) fractures persisted, and a higher prevalence of anemia in males than 

in females was found. It is important to note that there were no differences in 

surgical outcome, recurrence, or mortality between sexes. Thus, male patients with 

ACTH-dependent Cushing’s syndrome seem to constitute a different clinical pattern 

regarding symptoms and biochemistry, which does, however, not affect the further 

diagnostic strategy, therapy, or surgical outcome in this cohort study, although 

comorbidities did differ between sexes. Therefore, no different diagnostic or 

therapeutic strategy is indicated based on sex. However, based on the differences in 

comorbidities, extra attention should be given to male patients for diagnosing and 

treating osteoporosis (with fractures). 

 

A major strength of this study is that it includes a large cohort from two centers and 

focuses on a broad spectrum of potential differences between sexes, thereby 

allowing a more accurate description and clear understanding of the clinical picture 

of ACTH-dependent Cushing’s syndrome based on sex, than previous cohort studies. 

The differences in biochemistry and morbidity found in this study are largely in line 

with previous studies: higher plasma ACTH (9, 12-14), more often anemia (16) and 

osteoporosis (with fractures) (8, 11-13). The lack of difference in etiology and 

pituitary tumor size was in agreement with some studies (9, 12), but not with others 

(8, 11). Similarly, the lack of difference in surgical outcome was in agreement with 

one study (9), but not with two others (11, 12). Thus, this study adds evidence to the 

existence of a sex difference with respect to ACTH, anemia, and osteoporosis (with 

fractures), and to the lack of a sex difference in etiology and pituitary tumor size. 

The existence of a sex difference regarding surgical outcome is doubtful, as now two 

studies show a difference, whereas two others do not, indicating that more research 

is needed into the existence of a sex difference in surgical outcome. 

 

When interpreting the results, the following study limitations should be taken into 

account. As this study compared a broad spectrum of potential differences between 

sexes, the Bonferroni method was used to control for multiple testing, leading to 
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tests considered significant only if p<0.001. Consequently, the cohort size was 

insufficient to detect any differences that were smaller than 40% between the study 

groups. In order to find a 20% difference between the study groups with a significance 

level of p<0.001, we would have needed at least 450 patients in total, given the sex 

distribution in this study, which would have taken many more study centers or 

multiple extra decades to assemble. However, none of the previously published 

studies on potential sex differences controlled for multiple testing, without exception 

using a significance level of p<0.05 despite using many statistical tests per study. This 

should be taken into account when comparing our study results to the literature. 

Furthermore, as there were only six patients with ectopic Cushing’s syndrome, no 

analyses could be performed for patients with ectopic Cushing’s syndrome separately. 
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Figure 3: Overall survival by sex. 
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Loss to follow-up could have led to selection bias, since more female than male 

patients were lost to follow-up. However, as no patient was lost to follow-up within 

six months postoperatively, and most study endpoints were measured within six 

months postoperatively, selective loss to follow-up is unlikely to have influenced 

study results.  

 

As this study was performed retrospectively, using information from patient files, 

information could not always be collected from similar time points for each patient, 

leading to missing data in some patients (e.g. anemia at diagnosis), and information 

bias is likely to have occurred due to selective questioning of patients (e.g. sex-

related disturbances in the Cushing’s syndrome Severity Index score). This 

presumably led to the improbable low percentage of males reporting sex-related 

disturbances, whereas other studies found males to have sex-related disturbances 

more often than females (8, 11). Thus, it is important to inquire patients at disease 

presentation thoroughly about this subject and ideally also interview the patient’s 

partner in this regard. 

 

As should be discussed according to the STROBE guideline (22), this study is 

theoretically generalizable to all patients with ACTH-dependent Cushing’s syndrome. 

However, the small number of patients with ectopic Cushing’s syndrome precludes 

generalizability for this etiological ultrarare subgroup.  

 

ACTH has been reported to be higher in males than in females with ACTH-dependent 

Cushing’s syndrome consistently across multiple studies (9, 12-14). Some studies, that 

also reported higher concentrations of UFC in males than in females, suggested that 

ACTH-dependent Cushing’s syndrome is a more aggressive disease in males (12, 13). 

The increased ACTH concentrations could not be related to larger tumor size of the 

pituitary adenoma (14). Likewise, as the percentage of patients with ectopic 

Cushing’s syndrome was similar for both sexes, etiological differences are no 

satisfying explanation for the observed variation in ACTH concentrations. Until now, 

no study has found a convincing pathophysiological explanation why ACTH is higher in 

males than in females. Interestingly, higher concentrations of ACTH in males do not 

consistently seem to increase concentrations of cortisol (serum cortisol as well as 

UFC), reducing the probability that ACTH-dependent Cushing’s syndrome in males 

actually is a more aggressive disease than in females. Future research with the aim to 

discover why ACTH is higher in males than in females could focus first on which 

factors other than pituitary tumor size or etiology might be related to a higher ACTH 

per sex. 

 

Osteoporosis (with fractures) and anemia were more prevalent in males than in 

females, which may be explained, at least in part, by patient delay during the 
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diagnostic process, as males may have less pronounced symptoms than females in the 

earlier stages of the disease (i.e. menstrual disturbances), leading to a greater delay 

in diagnosis and therefore more, and more severe complications at time of diagnosis 

in males. Furthermore, it has been suggested that interaction between 

corticosteroids and the gonadotropic axis leads to hypogonadism in males more often 

than in females, which may markedly influence bone damage in Cushing’s syndrome 

(8, 13). This is in accordance with our study results, which showed postoperative 

hypogonadism more often in males than females. This hypogonadism may also cause 

an endocrine anemia due to the insufficient drive of testosterone on erythropoiesis 

(23). However, a meta-analysis of prior corticosteroid use and (osteoporotic) fracture 

risk found no difference between men and women (24). 

 

In conclusion, male patients with ACTH-dependent Cushing’s syndrome seem to show 

a different clinical picture than females. However, no different diagnostic strategy or 

treatment is indicated based on sex, in view of the similar surgical outcome. 

Clinicians should pay more attention to male patients with ACTH-dependent Cushing’s 

syndrome in particular regarding diagnosis and treatment of accompanying 

osteoporosis (with fractures). 
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