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Lack of association between metabolic
traits and the −512 polymorphism 
in FOXC2 in German people with normal
glucose tolerance

To the Editor: A recent paper reported an association between
the −512C>T promoter polymorphism in the forkhead box C2
(FOXC2) gene and increased serum C-peptide and hyper-
triglyceridaemia in normal-glucose-tolerant subjects from Den-
mark [1]. An association with Type 2 diabetes was not ob-
served in this population. Previous papers had found conflict-
ing data on this common polymorphism regarding an associa-
tion with obesity and diabetes-related traits [2, 3].

We genotyped this polymorphism in 732 subjects (264
male, 468 female; aged 36±12 years [SD]) with normal glu-
cose tolerance according to WHO criteria, and studied any as-
sociations with metabolic traits. The subjects were participants
of the ongoing Tübingen family study of Type 2 diabetes in the
south-west of Germany. About one half of the subjects had a
family history of Type 2 diabetes. All subjects underwent a 
2-h oral glucose tolerance test. Informed written consent was
obtained from all participants and the studies were approved
by the local ethics committee. For statistical analyses, the pa-
rameters were logarithmically transformed. With the exception
of BMI and percentage body fat, all parameters were tested for
association with the genotype using a multivariate linear re-
gression model to adjust for age, sex and BMI.

As shown in Table 1, we found no association between this
polymorphism and any of the metabolic traits studied. Since a
previous study [2] found a sex-specific effect on triglycerides,
we performed the analysis in men and women separately, but
also found no significant association with the −512 genotype.
In particular, no associations with plasma insulin, C-peptide or
serum triglycerides were observed. Absence or presence of
family history of Type 2 diabetes had no influence on the re-
sults.

One explanation for the lack of differences between the
genotypes is that there are differences in sample selection. For
example, in comparison with the Danish report [1], we studied
younger subjects with a higher proportion of positive family
history of Type 2 diabetes. The Danish study reported
marginally higher fasting insulin and significantly higher fast-
ing C-peptide in carriers of the T-allele. This was interpreted as
an indication of insulin resistance. It is worth noting, however,
that in this paper the carriers of the T-allele had a somewhat
higher WHR and this variable was not included in the multi-
variate regression analysis. Although the WHR difference was
not quite significant, it may have contributed to the borderline

DOI 10.1007/s00125-004-1364-0
Received: 3 December 2003 / Accepted: 28 January 2004
Published online: 10 March 2004
© Springer-Verlag 2004 Ta

bl
e

1.
A

ss
oc

ia
tio

n 
of

 th
e 

−5
12

C
>

T
F

O
X

C
2

va
ri

an
t w

ith
 d

ia
be

te
s-

re
la

te
d 

tr
ai

ts
 in

 n
on

-d
ia

be
tic

 G
er

m
an

 p
eo

pl
e 

un
de

r g
oi

ng
 a

n 
or

al
 g

lu
co

se
 to

le
ra

nc
e 

te
st

G
en

ot
yp

e
M

en
W

om
en

A
ll

C
C

(n
=4

2)
C

T
(n

=1
22

)
TT

(n
=1

00
)

pa
C

C
(n

=7
3)

C
T

(n
=2

30
)

TT
(n

=1
65

)
pa

C
C

(n
=1

15
)

C
T

(n
=3

52
)

TT
(n

=2
65

)
pa

B
M

I (
kg

/m
2 )

24
.8

±0
.6

25
.4

±0
.4

25
.7

±0
.5

0.
6

26
.5

±0
.7

25
.9

±0
.4

26
.2

±0
.5

0.
7

25
.9

±0
.5

25
.7

±0
.3

26
.0

±0
.4

0.
9

B
od

y 
fa

t (
%

)
20

.7
±1

.1
20

.8
±0

.6
20

.8
±0

.7
0.

9
32

.1
±1

.1
31

.3
±0

.6
31

.5
±0

.7
0.

9
27

.9
±1

.0
27

.6
±0

.5
27

.5
±0

.6
1.

0
Fa

st
in

g 
pl

as
m

a 
gl

uc
os

e 
(m

m
ol

/l)
5.

0±
0.

1
5.

0±
0.

04
5.

0±
0.

1
1.

0
5.

0±
0.

1
4.

9±
0.

04
4.

9±
0.

04
0.

8
5.

0±
0.

05
4.

9±
0.

03
5.

0±
0.

03
0.

7
2-

h 
pl

as
m

a 
gl

uc
os

e(
m

m
ol

/l)
5.

4±
0.

2
5.

2±
0.

1
5.

6±
0.

1
0.

2
6.

0±
0.

2
5.

7±
0.

1
5.

7±
0.

1
0.

2
5.

8±
0.

1
5.

5±
0.

07
5.

7±
0.

08
0.

09
Fa

st
in

g 
pl

as
m

a 
in

su
lin

 (p
m

ol
/l)

42
±3

46
±2

46
±3

0.
6

57
±4

53
±2

55
±4

0.
4

51
±3

51
±2

52
±3

0.
3

30
-m

in
 p

la
sm

a 
in

su
lin

 (p
m

ol
/l)

36
7±

31
39

9±
27

39
4±

34
0.

8
43

0±
32

38
0±

16
39

3±
25

0.
2

40
7±

23
38

7±
14

39
3±

20
0.

3
12

0-
m

in
 p

la
sm

a 
in

su
lin

 (p
m

ol
/l)

24
5±

31
22

4±
18

26
4±

27
0.

7
36

7±
36

34
7±

31
34

2±
23

0.
7

32
2±

26
30

4±
22

31
2±

18
0.

6
Fa

st
in

g 
pl

as
m

a 
C

-p
ep

tid
e 

(p
m

ol
/l)

60
9±

73
60

0±
31

63
3±

36
0.

6
62

4±
34

62
8±

22
63

7±
31

0.
5

61
9±

18
 

61
8±

34
63

5±
23

0.
8

30
-m

in
 p

la
sm

a 
C

-p
ep

tid
e 

(p
m

ol
/l)

21
66

±1
14

23
25

±8
7

23
70

±1
03

0.
9

23
00

±9
7

21
90

±5
4

22
68

±8
6

0.
7

22
52

±7
5

22
36

±4
7

23
06

±6
6

0.
9

12
0-

m
in

 p
la

sm
a 

C
-p

ep
tid

e 
(p

m
ol

/l)
22

65
±1

61
23

26
±1

06
26

00
±1

52
0.

2
28

17
±1

21
27

60
±7

8
29

11
±9

7
0.

5
26

19
±1

00
26

09
±6

3
27

94
±8

4
0.

1
Fa

st
in

g 
N

E
FA

 (m
m

ol
/m

l)
49

5±
33

42
7±

19
48

0±
19

0.
09

51
6±

23
54

1±
15

54
6±

19
0.

9
50

9±
17

50
2±

12
52

0±
14

0.
6

Fi
rs

t p
ha

se
 in

su
lin

 s
ec

re
tio

n 
(p

m
ol

/l)
b

91
7±

65
10

46
±5

7
10

18
±6

9
0.

9
11

54
±6

0
11

29
±3

5
11

31
±5

3
0.

7
10

66
±4

6
10

99
±3

0
10

88
±4

2
0.

9
IS

I (
U

)c
22

.0
±1

.9
20

.6
±1

.0
21

.8
±1

.3
0.

8
17

.6
±1

.2
19

.7
±0

.5
20

.5
±0

.9
0.

4
19

.2
±1

.2
20

.1
±0

.7
20

.9
±1

.0
0.

4
Tr

ig
ly

ce
ri

de
s 

(m
m

ol
/l)

1.
64

±0
.2

8
1.

71
±0

.1
9

2.
05

±0
.3

7
0.

6
1.

38
±0

.1
4

1.
15

±0
.0

6
1.

16
±0

.0
6

0.
3

1.
47

±0
.1

4
1.

36
±0

.0
8

1.
49

±0
.1

5
0.

9
C

ho
le

st
er

ol
 (m

m
ol

/l)
4.

97
±0

.1
6

5.
10

±0
.1

0
5.

15
±0

.1
3

0.
6

5.
15

±0
.1

3
4.

99
±0

.0
5

4.
99

±0
.0

8
0.

3
5.

10
±0

.1
0

5.
04

±0
.0

5
5.

04
±0

.0
8

0.
5

IS
I,

 in
su

lin
 s

en
si

tiv
ity

 in
de

x;
 a

w
ith

 th
e 

ex
ce

pt
io

n 
of

 B
M

I 
an

d 
pe

rc
en

ta
ge

 b
od

y 
fa

t a
ll 

pa
ra

m
et

er
s 

w
er

e 
ad

ju
st

ed
 f

or
 B

M
I,

 a
ge

 a
nd

 s
ex

; b
es

tim
at

ed
 f

ro
m

th
e 

O
G

T
T

 [
5]

; c
es

tim
at

ed
 f

ro
m

 th
e 

O
G

T
T

 [
6]



References

1. Yanagisawa K, Hingstrup Larsen L, Andersen G et al.
(2003) The FOXC2 −512C>T variant is associated with 
hypertriglyceridaemia and increased serum C-peptide in
Danish Caucasian glucose-tolerant subjects. Diabetologia
46:1576–1580

2. Kovacs P, Lehn-Stefan A, Stumvoll M, Bogardus C, Baier
LJ (2003) Genetic variation in the human winged helix/fork-
head transcription factor gene FOXC2 in Pima Indians. Dia-
betes 52:1292–1295

3. Ridderstrale M, Carlsson E, Klannemark M et al. (2002)
FOXC2 mRNA Expression and a 5′ untranslated region
polymorphism of the gene are associated with insulin resis-
tance. Diabetes 51:3554–3560

4. Cederberg A, Gronning LM, Ahren B, Tasken K, Carlsson
P, Enerback S (2001) FOXC2 is a winged helix gene that
counteracts obesity, hypertriglyceridemia, and diet-induced
insulin resistance. Cell 106:563–573

5. Stumvoll M, Mitrakou A, Pimenta W et al. (2000) Use of
the oral glucose tolerance test to assess insulin release and
insulin sensitivity. Diabetes Care 23:295–301

6. Matsuda M, DeFronzo RA (1999) Insulin sensitivity indices
obtained from oral glucose tolerance testing: comparison with
the euglycemic insulin clamp. Diabetes Care 22:1462–1470

A. Fritsche (✉)
Department of Endocrinology,
Metabolism and Pathobiochemistry, Medizinische Klinik,
University of Tübingen, Otfried-Müller-Str. 10, 
72076 Tübingen, Germany
E-mail: andreas.fritsche@med.uni-tuebingen.de
Tel.: +49-7071-2980590, Fax: +49-7071-295974

758 Letters

difference in insulin resistance. In addition, it should be men-
tioned that other studies have found just the opposite, namely
an association of the T-allele with enhanced insulin sensitivity
[3] and lower plasma triglycerides [2, 3].

To detect a 10% difference between genotypes, the statisti-
cal power of our data set was more than 80% for the relevant
parameters tested. Therefore, we should have been able to de-
tect differences between genotypes in insulin sensitivity, serum
fasting C-peptide or triglycerides, which were found to be 10
to 20% in the Danish paper.

In summary, although animal and in vitro studies have sug-
gested a role of FOXC2 in obesity, insulin resistance and Type
2 diabetes [4], the common −512 promoter polymorphism in
this gene does not seem to have a major metabolic effect in the
German population.
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