
C
hanging

to
a
vegetarian

diet
reduces

the
body

creatine
pool

in
om

nivorous
w
om

en,
but

appears
not

to
affect

carnitine
and

carnosine
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eostasis:
a
random
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d
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D
elan

gh
e
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M
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etro
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h
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V
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D
e
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au
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u
m
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d
o
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P
au
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G
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h
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an
d
W
im

D
erave

1*
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epa
rtm

en
t
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en
t
a
n
d
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Scien
ces,

G
hen

t
U
n
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9000
G
hen

t,
B
elgiu

m
2D

epa
rtm

en
t
of

C
lin

ica
l
C
h
em

istry,
G
hen

t
U
n
iversity

H
ospita
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9000

G
hen

t,
B
elgiu

m
3D

epa
rtm

en
t
of

In
tern

a
l
M
ed
icin

e,
G
hen

t
U
n
iversity,

9000
G
hen

t,
B
elgiu

m
4La

bora
tory

of
P
ha

rm
a
ceu

tica
l
Techn

ology,
G
h
en

t
U
n
iversity,

9000
G
hen

t,
B
elgiu

m
5D

epa
rtm

en
t
of

P
u
blic

H
ea
lth,

G
hen

t
U
n
iversity,

9000
G
hen

t,
B
elgiu

m
6School

of
Life

Scien
ces,

M
ed
ica

l
R
esea

rch
C
ou

n
cil

(M
R
C
)/A

rthritis
R
esea

rch
U
K
C
en

tre
for

M
u
scu

loskeleta
l
A
gein

g
R
esea

rch,
Q
u
een

’s
M
ed
ica

l
C
en

tre,
U
n
iversity

of
N
ottin

gh
a
m

M
ed
ica

l
School,

N
ottin

gha
m

N
G
7
2U

H
,
U
K

(Su
bm

itted
22

Septem
ber

2017
–
Fin

a
l
revision

received
22

D
ecem

ber
2017

–
A
ccepted

7
Ja
n
u
a
ry

2018)

A
bstract

B
alan

ced
vegetarian

d
iets

are
p
o
p
u
lar,alth

o
u
gh

th
ey

are
n
early

ab
sen

t
in

creatin
e
an

d
carn

o
sin

e
an

d
co

n
tain

co
n
sid

erab
ly

less
carn

itin
e
th
an

n
o
n
-vegetarian

d
iets.Few

lo
n
gitu

d
in
alin

terven
tio

n
stu

d
ies

in
vestigatin

g
th
e
effect

o
f
a
vegetarian

d
ieto

n
th
e
availab

ility
o
f
th
ese

co
m
p
o
u
n
d
s

cu
rren

tly
exist.W

e
aim

ed
to

in
vestigate

th
e
effecto

ftran
sien

tly
sw

itch
in
g
o
m
n
ivo

res
o
n
to

a
vegetarian

d
ietfo

r
6
m
o
n
th
s
o
n
m
u
scle

an
d
p
lasm

a
creatin

e,carn
itin

e
an

d
carn

o
sin

e
h
o
m
eo

stasis.In
a
6-m

o
n
th

in
terven

tio
n
,fo

rty
o
m
n
ivo

ro
u
s
w
o
m
en

w
ere

ascrib
ed

to
th
ree

gro
u
p
s:co

n
tin

u
ed

o
m
n
ivo

ro
u
s
d
iet

(co
n
tro

l,n
10),vegetarian

d
ietw

ith
o
u
t
su
p
p
lem

en
tatio

n
(V
eg

+
P
la,n

15)
an

d
vegetarian

d
iet

co
m
b
in
ed

w
ith

d
aily

β-alan
in
e

(0·8
–0·4

g/d
)
an

d
creatin

e
su
p
p
lem

en
tatio

n
(1

g
creatin

e
m
o
n
o
h
yd

rate/d
)
(V
eg

+
Su

p
p
l,n

15).B
efo

re
(0

m
o
n
th
s;0M

),after
3
m
o
n
th
s
(3M

)
an

d
6
m
o
n
th
s
(6M

),
a
fasted

ven
o
u
s
b
lo
o
d
sam

p
le

an
d
24-h

u
rin

e
w
as

co
llected

,
an

d
m
u
scle

carn
o
sin

e
co

n
ten

t
w
as

d
eterm

in
ed

b
y
p
ro
to
n

m
agn

etic
reso

n
an

ce
sp
ectro

sco
p
y
( 1H

-M
R
S).M

u
scle

b
io
p
sies

w
ere

o
b
tain

ed
at

0M
an

d
3M

.P
lasm

a
creatin

e
an

d
m
u
scle

to
talcreatin

e
co

n
ten

t
d
eclin

ed
fro

m
0M

to
3M

in
V
eg

+
P
la

(P
=
0·013

an
d
P
=
0·009,

resp
ectively),

w
h
ereas

p
lasm

a
creatin

e
in
creased

fro
m

0M
in

V
eg

+
Su

p
p
l

(P
=
0·004).

N
o
n
e
o
f
th
e
carn

itin
e-related

co
m
p
o
u
n
d
s
in

p
lasm

a
o
r
m
u
scle

sh
o
w
ed

a
sign

ifi
can

t
tim

e
×
gro

u
p
in
teractio

n
effect.

1H
-M

R
S-

d
eterm

in
ed

m
u
scle

carn
o
sin

e
co

n
ten

tw
as

u
n
ch

an
ged

o
ver

6M
in

co
n
tro

lan
d
V
eg

+
P
la,b

u
tin

creased
in

V
eg

+
Su

p
p
lin

so
leu

s
(P

<
0·001)

an
d

gastro
cn

em
iu
s
(P

=
0·001)

m
u
scle.T

o
co

n
clu

d
e,th

e
b
o
d
y
creatin

e
p
o
o
ld

eclin
ed

o
ver

a
3-m

o
n
th

vegetarian
d
ietin

o
m
n
ivo

ro
u
s
w
o
m
en

,w
h
ich

w
as

am
elio

rated
w
h
en

acco
m
p
an

ied
b
y
lo
w
-d
o
se

d
ietary

creatin
e
su
p
p
lem

en
tatio

n
.C

arn
itin

e
an

d
carn

o
sin

e
h
o
m
eo

stasis
w
as

u
n
affected

b
y
a

3-
o
r
6-m

o
n
th

vegetarian
d
iet,

resp
ectively.

K
ey

w
ords:

L
acto

-o
vo

-veg
etarian

s:
β-A

lan
in
e:

H
o
m
eo

stasis:
Su

p
p
lem

en
ts

V
egetarian

d
ietary

p
atterns

are
b
ecom

in
g
increasingly

p
op

ular
fo
r
variou

s
eco

lo
gical,

ethical
o
r
h
ealth-related

reaso
ns.

A
high

co
nsum

p
tion

o
f
red

and
p
ro
cessed

m
eat

h
as

b
een

con
sistently

dem
on

strated
to

elevate
m
ortality

risk
fro

m
certain

can
cers

(1
)and

C
V
D
(2
,3
).
Y
et,

it
is

u
nclear

w
heth

er
the

red
uced

m
ortality

risk
in

lacto
-ovo

vegetarians,
fo
und

in
som

e
stud

ies,
is

related
to

the
o
m
issio

n
of

m
eat

and
fish,

o
r
rather

to
m
ore

p
revalen

t
diet-u

nrelated
h
ealth-con

sciou
s
b
eh

avio
ur.

A
balanced

lacto-
ovo-vegetarian

d
ietdiffers

in
nu

trientintake
from

an
o
m
nivo

rou
s

diet,
for

exam
p
le

b
y

increased
intake

of
fib

re,
M
g

and

antioxid
an

ts,
b
ut

lo
w
er

intake
o
f
n
-3

(o
m
ega-3)

fatty
acids

and
vitam

in
B
12

(4),
allof

w
hich

is
reasonably

w
ell

docum
ented

in
the

scientific
literatu

re.
H
o
w
ever,

th
e
im

p
act

o
f
red

u
ced

to
n
ear

ab
sen

t
in
take

o
f
carn

itin
e,

carn
o
sin

e
an

d
creatin

e
in

a
vegetar-

ian
d
ietis

less
w
ellestab

lish
ed

an
d
co

u
ld

b
e
relevan

tin
relatio

n
to

m
u
scle

fu
n
ctio

n
,
exercise

cap
acity

an
d
sp
o
rts

p
erfo

rm
an

ce.
C
arn

itin
e,

carn
o
sin

e
an

d
creatin

e
are

p
referen

tially
o
r
so
lely

fo
u
n
d

in
tissu

es
o
f
an

im
als,

w
ith

h
igh

est
co

n
cen

tratio
n
s
in

skeletal
m
u
scle

tissu
e

(h
en

ce
th
e

n
am

es,
d
erived

fro
m

latin
ca

rn
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an
d

greek
krea

s,
fl
esh

).
T
h
ey

n
eith

er
q
u
alify
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A
b
b
reviatio

n
s:0M
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m
o
n
th
s
(b
aselin

e);3M
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m
o
n
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s;6M
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m
o
n
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s;T

T
E
,tim

e
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exh
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n
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+
P
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d
ietw
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o
u
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p
p
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en
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n
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+
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p
p
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vegetarian
d
iet

w
ith

su
p
p
lem

en
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e
an

d
β-alan
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V
D
B
P
,
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-b
in
d
in
g
p
ro
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m
icro

n
u
trien

ts,
b
ecau

se
th
ey

are
in
gested

in
relatively

h
igh

am
o
u
n
ts

(ran
ge

o
f
0·1

–5
g/d

),
n
o
r
as

m
acro

n
u
trien

ts,
b
ecau

se
th
ey

are
n
o
t
p
rim

arily
servin

g
an

en
ergy

p
ro
visio

n
ro
le.

Y
et,

alth
o
u
gh

n
o
t
essen

tial,
carn

itin
e,

carn
o
sin

e
an

d
creatin

e
are

n
itro

gen
o
u
s
m
o
lecu

les
th
atp

o
ssess

p
ro
p
erties

w
ith

relevan
ce

to
m
u
scle

m
etab

o
lism

an
d
fu
n
ctio

n
.P

h
o
sp
h
o
rylated

creatin
e
p
lays

a
cru

cial
b
io
en

ergetic
ro
le

in
tissu

es
w
ith

h
igh

m
etab

o
lic

d
em

an
d
b
y
rep

h
o
sp
h
o
rylatin

g
A
D
P
to

syn
th
esise

A
T
P
(5
).
C
ar-

n
itin

e
is
kn

o
w
n
to

p
lay

a
key

ro
le

w
ith

in
severalcellu

lar
en

ergy
p
ro
d
u
cin

g
p
ath

w
ays

su
ch

as
th
e
tran

sp
o
rt

o
f
lo
n
g-ch

ain
fatty

acid
s
in
to

th
e
m
ito

ch
o
n
d
ria

(6
–
8
).
It
is

o
f
h
igh

est
ab

u
n
d
an

ce
in

m
eat;

h
o
w
ever,

it
is

also
p
resen

t
in

a
n
u
m
b
er

o
f
n
o
n
-m

eat
n
u
trien

ts
(e.g.

n
u
ts,

p
o
tato

es,
m
ilk).

In
co

n
trast,

th
e
d
ip
ep

tid
e

carn
o
sin

e
(β-alan

yl- L-h
istid

in
e)

is
exclu

sively
p
resen

t
in

m
eat

an
d
fi
sh
.C

arn
o
sin

e
h
as

a
w
id
e
sp
ectru

m
o
f
b
io
active

p
ro
p
erties

su
ch

as
p
H

b
u
fferin

g,
C
a
2
+
regu

latio
n
,
an

ti-glycatio
n
an

d
an

ti-
o
xid

an
t
activity

(9
).
N
u
m
ero

u
s
stu

d
ies

in
th
e
literatu

re
d
em

o
n
-

strated
th
e
b
en

e
fi
cial

effects
o
f
creatin

e,
carn

itin
e
(co

m
b
in
ed

w
ith

carb
o
h
yd

rates)
o
r
β-alan

in
e
(p
recu

rso
r
am

in
o
-acid

o
f
car-

n
o
sin

e)
su
p
p
lem

en
tatio

n
o
n

exercise
p
erfo

rm
an

ce
in

ath
-

letes
(1
0
–
1
2
),
an

d
th
erap

eu
tic

p
o
ten

tial
to
w
ard

s
certain

d
iso

rd
ers

in
w
h
ich

m
u
scle

fu
n
ctio

n
is
a
key

co
m
p
o
n
en

t (5
,1
3
,1
4
).

C
ro
ss-sectio

n
al

stu
d
ies

su
ggested

th
at

th
e

h
o
m
eo

stasis
o
f

carn
itin

e,
creatin

e
an

d
carn

o
sin

e
in

h
u
m
an

s
is

n
egatively

affected
b
y
lo
n
g-term

vegetarian
ism

.
So

m
ew

h
at

lo
w
er

p
lasm

a
carn

itin
e
co

n
cen

tratio
n
s
in

vegetarian
s
th
an

in
o
m
n
ivo

res
are

rep
o
rted

(1
5
–
1
8
),

b
u
t
n
o

co
n
sisten

cy
exists

regard
in
g

m
u
scle

carn
itin

e
co

n
ten

t.Step
h
en

s
eta

l. (1
8
)rep

o
rted

17
%
lo
w
er

m
u
scle

to
talcarn

itin
e
co

n
cen

tratio
n
s
in

vegetarian
w
o
m
en

,w
h
ereas

n
o

d
ifferen

ces
w
ere

fo
u
n
d

in
sam

e
m
easu

re
in

th
e

stu
d
y

o
f

N
o
vako

va
et

a
l. (1

5
).

U
n
til

n
o
w
,
n
o

lo
n
gitu

d
in
al

in
terven

tio
n

stu
d
y

in
h
u
m
an

vo
lu
n
teers

h
as

in
vestigated

th
e

effect
o
n

carn
itin

e
h
o
m
eo

stasis
o
f
tran

sien
tly

sw
itch

in
g
o
m
n
ivo

res
o
n
to

a
vegetarian

d
iet.

It
is
kn

o
w
n
,
h
o
w
ever,

th
at

carn
itin

e
h
as

a
slo

w
tu
rn
o
ver

rate
(300

–500
µm

o
l/d

) (6
)
an

d
,
as

it
is

still
so
m
ew

h
at

p
resen

t
in

a
vegetarian

d
iet,

it
can

b
e
su
ggested

th
at

carn
itin

e
h
o
m
eo

stasis
w
o
u
ld

b
e
m
ain

tain
ed

d
u
rin

g
th
e
1st

m
o
n
th
s
o
f

vegetarian
ism

.
C
hronic

and
com

p
lete

restriction
of

dietary
creatine

and
carnosine

has
been

dem
onstrated

to
result

in
low

er
plasm

a
creatine

(16)
and

decreased
intram

uscular
creatine

(19)
and

carnosine
(20,21)

concentrations
as

com
p
ared

w
ith

om
nivorous

subjects
in

cross-sectional
studies.

T
hus,

these
rep

orts
suggest

that
the

endogenous
synthesis

cap
acity

m
ay

not
be

sufficient
to

m
ain-

tain
m
uscle

creatine
and

carnosine
concentrations,

and
therefore

m
uscle

availability,
the

princip
al

site
of

storage,
m
ay

dep
end

on
habitual

dietary
intake.

C
reatine

is
know

n
to

have
a
far

higher
turnover

rate
(ap

p
roxim

ately
2
g/d) (22)

than
carnitine

(6)
and

car-
nosine

(23).
C
onsequently,

a
3-w

eek
vegetarian

intervention
in

om
nivorous

subjects
resulted

in
a
10

%
decline

in
m
uscle

creatine
content (24)

and
longer-term

interventions
m
ight

thus
even

dep
lete

creatine
to

a
greater

extent.
O
n
the

contrary,
a
5-w

eek
vegetarian

intervention
study

indicated
no

significant
reduction

in
m
uscle

carnosine
content (25).

H
ow

ever,
in

contrast
to

carnitine,
carnosine

is
com

p
letely

absent
in

vegetarian
diets,

suggesting
that

carnosine
hom

eostasis
m
ight

be
affected

by
longer-term

interventions.
T
h
is

stu
d
y

aim
ed

th
erefo

re
to

in
vestigate

th
e

effect
o
f
a

6-m
o
n
th

vegetarian
d
iet

o
n

b
o
d
y

creatin
e,

carn
itin

e
an

d

carn
o
sin

e
sto

res
in

o
m
n
ivo

ro
u
s
w
o
m
en

.
W
e
h
yp

o
th
esised

th
at

h
o
m
eo

stasis
o
f
creatin

e
an

d
carn

o
sin

e
w
o
u
ld

b
e

d
isru

p
ted

w
h
en

th
eir

d
ietary

in
take

w
as

m
issin

g.
Fo

r
carn

itin
e,

h
o
w
ever,

w
e
h
yp

o
th
esised

th
at

h
o
m
eo

stasis
can

b
e
m
ain

tain
ed

given
its

slo
w

tu
rn
o
ver

rate
an

d
its

p
resen

ce
in

so
m
e
n
o
n
-m

eatn
u
trien

ts.
A

seco
n
d
aim

w
as

to
in
vestigate

w
h
eth

er
su
p
p
lem

en
tatio

n
o
f

creatin
e
an

d
β-alan

in
e
(th

e
rate-lim

itin
g
p
recu

rso
r
o
f
carn

o
sin

e
syn

th
esis),

co
n
cu

rren
tly

w
ith

a
lacto

-o
vo

-vegetarian
d
iet,

w
as

ab
le

to
co

rrect
fo
r
p
o
ten

tially
em

ergin
g

d
e
fi
cien

cies.
T
h
ird

,
w
e

aim
ed

to
in
vestigate

w
h
eth

er
d
istu

rb
ed

h
o
m
eo

stasis
o
f

creatin
e
o
r
carn

o
sin

e
affects

o
u
tco

m
es

o
fan

in
crem

en
talcyclin

g
test.T

h
is
typ

e
o
f
exercise

w
as

ch
o
sen

b
ecau

se
p
revio

u
s
stu

d
ies

d
em

o
n
strated

b
en

e
fi
cial

effects
o
f
b
o
th

creatin
e
o
r
β-alan

in
e

su
p
p
lem

en
tatio

n
o
n

tim
e

to
exh

au
stio

n
(T
T
E
)

d
u
rin

g
an

in
crem

en
tal

cyclin
g
test (2

6
,2
7
).

M
ethods

Subjects

Fo
rty

h
ealth

y
fem

ale
o
m
n
ivo

res
vo

lu
n
teered

to
p
articip

ate
in

th
is
6-m

o
n
th

in
terven

tio
n
stu

d
y.O

n
ly

w
o
m
en

w
ere

in
clu

d
ed

in
o
rd
er

to
red

u
ce

th
e

variab
ility

in
b
aselin

e
valu

es
o
f
m
u
scle

carn
o
sin

e,
w
h
ich

is
kn

o
w
n
to

b
e
d
ep

en
d
en

t
o
n
sex

(2
8
).
E
xclu

-
sio

n
criteria

w
ere

sm
o
kin

g,
ch

ro
n
ic

u
se

o
f
m
ed

icatio
n
,
ath

letes
p
articip

atin
g
in

co
m
p
etitio

n
s,

vegetarian
ism

o
r
eatin

g
m
eat

o
r

fi
sh

<
5

tim
es

a
w
eek.

O
n
e

w
o
m
an

d
ro
p
p
ed

o
u
t
w
ith

in
2
m
o
n
th
s
fo
r
p
erso

n
alreaso

n
s.N

o
n
e
o
f
th
e
su
b
jects

w
as

takin
g

su
p
p
lem

en
ts

co
n
tain

in
g
creatin

e,
carn

o
sin

e,
β-alan

in
e
o
r
car-

n
itin

e
in

th
e
3
m
o
n
th
s
b
efo

re
th
e
start

o
f
th
e
stu

d
y.

T
h
is
stu

d
y

w
as

co
n
d
u
cted

acco
rd
in
g
to

th
e
gu

id
elin

es
laid

d
o
w
n
in

th
e

D
eclaratio

n
o
f
H
elsin

ki
an

d
all

p
ro
ced

u
res

in
vo

lvin
g
h
u
m
an

su
b
jects

w
ere

ap
p
ro
ved

b
y
th
e
lo
cal

eth
ics

co
m
m
ittee

(G
h
en

t
U
n
iversity

H
o
sp
ital,

B
elgiu

m
;
2012/666).

W
ritten

in
fo
rm

ed
co

n
sen

t
w
as

o
b
tain

ed
fro

m
all

su
b
jects.

R
egistry

n
am

e
o
f
th
is

stu
d
y
is
‘C
reatin

e,
C
arn

itin
e
an

d
C
arn

o
sin

e
in

V
egetarian

s’
an

d
id
en

tifi
catio

n
n
o
.
is
N
C
T
03194334

(h
ttp

s://register.clin
icaltrials.

gov/p
rs/ap

p
/actio

n/SelectProtocol?sid=
S00077U

P
&
selectactio

n=
E
dit&

uid=
U
0002E

M
W
&
ts=

2&
cx=

3y2e4y).

Study
design

T
he

study
w
as

scheduled
over

a
p
eriod

of
6

m
onths

and
m
easurem

ents
w
ere

p
erform

ed
1
w
eek

before
the

intervention
(0

m
onths;

0M
),
after

3
m
onths

(3M
)
and

w
ithin

the
last

w
eek

(6M
).

In
all,

ten
w
om

en
continued

their
om

nivorous
diet

throughout
the

entire
study

(controls)
and

the
other

tw
enty-nine

subjects
sw

itched
to

a
lacto-ovo-vegetarian

dietfor
6
m
onths.T

he
vegetarian

group
w
as

sp
lit

in
tw

o
group

s,
m
atched

for
age,

w
eight,

height
and

baseline
carnosine

concentrations
in

soleus
and

gastrocnem
ius

m
edialis

m
uscles

on
group

level.
A

total
of

fourteen
of

them
w
ere

sup
p
lem

ented
w
ith

β-alanine
and

creatine
(V
eg

+
Sup

p
l)
and

the
other

fifteen
w
om

en
received

a
p
lacebo

(V
eg

+
Pla)

(Fig.1).A
co-w

orker,notinvolved
in

the
study

design
and

analysis,
p
erform

ed
the

random
isation

and
p
rep

ared
the

containers
w
ith

sup
p
lem

ents.
W
ith

regard
to

sup
p
lem

entation,
the

study
w
as

a
double-blind

p
lacebo-controlled

study.T
he

lacto-
ovo-vegetarian

diet
consisted

of
vegetables,

fruits,
seeds,

grains,
m
eat

substitutes,
eggs

and
dairy

p
roducts

and
the

exclusion
of

760
L.

B
lan

cq
u
aert

et
a
l.
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m
eat,

p
oultry

and
fish.

Subjects
w
ere

asked
to

com
p
lete

a
3-d

food
diary

atthe
startand

after
3
m
onths

and
received

nutritional
advice

by
a
dietitian

during
the

study
to

p
revent

de
ficiencies

in
m
acronutrients

and
m
icronutrients.

Furtherm
ore,

vegetarian
recip

es
w
ere

p
rovided

by
em

ail
to

sup
p
ort

the
subjects

in
their

vegetarian
diet.

Supplem
ents

T
he

sup
p
lem

en
tation

p
rotocolinclu

ded
sim

ultaneou
sly

d
aily

o
ral

adm
in
istration

o
f
creatine

m
o
no

hydrate
(C
reap

u
re

®
;
A
lzC

h
em

A
G
)
and

slo
w
-release

β-alan
ine

(C
arno

syn
®
;N

aturalA
lternatives

In
tern

atio
nal)

o
r
a
p
lacebo

(m
altod

extrin
;
N
atural

Sp
ices).

T
he

sup
p
lem

en
ts

are
consid

ered
safe

and
efficacio

us
(2
9,3

0).
T
he

V
eg

+
Sup

p
l
gro

up
ingested

1
g
o
f
creatine

m
on

oh
yd

rate
(tw

o
cap

sules
o
f500

m
g)

and
0·8

g
o
fβ-alan

ine
(on

e
C
arn

osyn
®
tab

let)
each

day
fo
r
the

first
3
m
onths.

Interm
ediate

analysis
o
f
m
uscle

carn
osin

e
conten

t
at

3
m
o
nths

revealed
that

0·8
g
of

β-alan
in
e

w
as

too
high

to
m
aintain

carno
sine

at
baseline

con
cen

tration
,

and
therefore

the
β-alanine

d
ose

w
as

redu
ced

to
0·4

g/d
du

ring
the

last
3
m
on

th
s
o
f
the

stu
dy,w

ith
creatine

d
osin

g
rem

aining
at

1
g/d.

T
he

V
eg

+
P
la

gro
up

w
as

sup
p
lem

en
ted

w
ith

an
iden

tical

n
um

ber
o
f
cap

sules
and

tab
lets

o
f
m
alto

dextrin.
Sub

jects
w
ere

instructed
to

take
the

sup
p
lem

ents
together

w
ith

a
m
eal,

as
this

w
as

sho
w
n

to
im

p
ro
ve

m
uscle

m
etabo

lite
loadin

g
(3
1,32

).
A
ll

sub
jects

w
ere

asked
n
ot

to
take

any
o
th
er

sup
p
lem

ents
than

tho
se

p
ro
vided

b
y
the

curren
t
stu

dy.
C
om

p
liance

w
as

checked
b
y
asking

the
sub

jects
to

return
the

containers
and

coun
ting

the
p
ills

that
w
ere

left.
T
he

V
eg

+
P
la

gro
up

and
the

V
eg

+
Sup

p
l

grou
p
ingested

94·4
(SD

5·4)%
and

96·4
(SD

4·8)%
of

creatine/
p
lacebo

p
ills,resp

ectively.C
o
m
p
lian

ce
ran

ged
b
etw

een
81·7

and
100

%
.
For

the
β-alanine/p

laceb
o

tab
lets,

the
V
eg

+
P
la

gro
up

and
the

V
eg

+
Sup

p
l
grou

p
ingested

96·6
%

( SD
3·7)%

and
98·1

(SD
2·1)%

,
resp

ectively,
and

com
p
liance

ranged
b
etw

een
88·3

and
100

%
.
B
ecau

se
all

sub
jects

ingested
m
ore

than
80

%
of

the
sup

p
lem

ents,
n
o
sub

jects
w
ere

exclud
ed

based
o
n
com

p
liance.

T
he

con
trol

gro
up

,
in

w
hich

the
p
articip

ants
rem

ained
o
n
an

o
m
n
ivo

ro
us

d
iet,

d
id

n
ot

receive
any

sup
p
lem

en
ts.

Increm
ental

cycling
test

A
t
0M

,
3M

and
6M

,
sub

jects
p
erfo

rm
ed

an
increm

ental
cycling

test.
O
n
the

first
visit,

sub
jects

w
ere

screen
ed

to
be

m
ed

ically
fit

b
efo

re
startin

g
the

increm
ental

cycling
p
ro
to
col

to
exhaustion

.

R
ecruiting healthy fem

ale om
nivores

(n 48)

B
aseline m

easurem
ents (0 m

onths; 0M
)

(n 40)

R
andom

ly assigned
(n 40)

V
egetarian

+
supplem

ents
(V

eg
+

S
uppl; n 15)

V
egetarian

+
placebo

(V
eg

+
P

la; n 15)

D
rop-out for

personal reasons
(n 1)

C
ontrol group

(n 10)

8 w
om

en not m
eeting inclusion criteria

3 m
onths (3M

; n 14):
Fasted venous blood sam

ple
24

h urine collection
Increm

ental cycling test
N

M
R

 scan
M

uscle biopsy

6 m
onths (6M

; n 14):
Fasted venous blood sam

ple
24

h urine collection
Increm

ental cycling test
N

M
R

 scan

6 m
onths (6M

; n 15):
Fasted venous blood sam

ple
24

h urine collection
Increm

ental cycling test
N

M
R

 scan

6 m
onths (6M

; n 10):
Fasted venous blood sam

ple
24

h urine collection
Increm

ental cycling test
N

M
R

 scan

3 m
onths (3M

; n 15):
Fasted venous blood sam

ple
24

h urine collection
Increm

ental cycling test
N

M
R

 scan
M

uscle biopsy

3 m
onths (3M

; n 10):
Fasted venous blood sam

ple
24

h urine collection
Increm

ental cycling test
N

M
R

 scan
M

uscle biopsy

F
ig
.
1.

P
articipant

flow
chart.

V
egetarian

s,
creatin

e,
carn

itin
e
an

d
carn

o
sin

e
761
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T
he

test
w
as

p
erfo

rm
ed

on
an

electrically
b
raked

cycling
ergo

-
m
eter

(Excalibu
r;
Lod

e).
V
O
2
w
as

m
easured

con
tinu

ously
via

a
co
m
p
uterised

b
reath-by-breath

system
(Jaeger

O
xycon

P
ro
).

Follo
w
ing

a
3-m

in
w
arm

-up
at40

W
,the

w
orkload

w
as

in
creased

by
40

W
every

3
m
in

u
ntilthe

p
ointthe

sub
jects

failed
to

con
tinu

e
to

p
ed

al
at

60
rp
m
.
C
ap

illary
b
loo

d
sam

p
les

w
ere

taken
b
efore

and
im

m
ed

iately
after

the
increm

ental
cycling

test,
and

p
H

and
lactate

w
ere

m
easu

red
(b
loo

d
gas

analysis:
G
EM

,
P
rem

ier
T
M

3000;
Instrum

en
tation

Lab
oratory).

Sam
ple

collection

B
loo

d
sam

p
les

w
ere

collected
fro

m
a
forearm

vein
after

an
8-h

overnigh
t
fast

into
h
ep

arin
p
lasm

a
tubes

and
serum

gel
tub

es
after

0M
,
3M

and
6M

.
H
ep

arin
tub

es
w
ere

im
m
ed

iately
cen-

trifu
ged

(5
m
in
,
16

000
g)

after
collection

to
sep

arate
p
lasm

a.
Serum

tubes
w
ere

left
at

rest
at

room
tem

p
erature

to
o
btain

co
m
p
lete

coagulation
,befo

re
p
erfo

rm
in
g
the

sam
e
cen

trifu
gation

p
rocess

as
fo
r
p
lasm

a.
A
ll
sam

p
les

w
ere

frozen
at

−20°C
u
ntil

sub
sequ

en
tly

analysed.
T
ru
e-cut

m
uscle

b
iop

sies
w
ere

taken
at

baseline
and

after
3M

fro
m

the
vastu

s
lateralis

o
f
the

left
leg

at
rest.

Follo
w
ing

local
anaesth

esia
o
f
the

skin
and

subcutan
eou

s
tissu

es
w
ith

5
m
llid

ocaine,tw
o
m
uscle

sam
p
les

w
ere

taken
w
ith

a
14-gauge

tru
e-cu

t
b
iop

sy
need

le
(B
ard

M
agn

um
B
iop

sy
gun

;
B
ard

,Inc.).T
he

m
uscle

sam
p
les

w
ere

then
im

m
ed

iately
frozen

in
liq

uid
N
2
and

stored
at

−80°C
un

tilsub
seq

uen
tanalysis.A

far
too

low
nu

m
b
er

o
fsub

jects
consented

to
h
ave

m
uscle

b
iop

sies
taken

at
6M

.
T
herefore,

m
uscle

analyses
w
ere

restricted
to

the
0M

and
3M

tim
e
p
oints

(Fig.
1).

U
rine

sam
p
les

(24
h

co
llection

)
w
ere

co
llected

atb
aselin

e
and

after
3M

and
6M

into
a
p
lastic

container
and

a
5-m

l
aliqu

ot
w
as

sto
red

at
−20°C

.

Q
uantification

of
25-hydroxyvitam

in
D

25-H
ydroxyvitam

in
D

w
as

m
easured

in
serum

sam
ples

of
all

participants
using

the
Elecsys

V
itam

in
D

total
assay

(C
obas

Instru-
m
ent).

In
brief,

the
assay

kit
uses

a
vitam

in-D
-binding

protein
(V
D
B
P)

as
capture

protein
to

bind
vitam

in
D
3
and

D
2 .
First,

the
sam

ple
(15

µl)
is
incubated

w
ith

pretreatm
ent

reagent
1
and

2
for

9
m
in.

Thereby,
the

natural
V
D
B
P
in

the
sam

ple
is

denatured
to

release
the

bound
vitam

in
D

(25-O
H
).

Second,
the

sam
ple

is
further

incubated
w
ith

a
recom

binant
ruthenium

-labelled
V
D
B
P
to

form
a
com

plex
of

vitam
in

D
(25-O

H
)
and

the
ruthenylated-V

D
B
P.

Third,
w
ith

the
addition

of
a
biotinylated

vitam
in

D
(25-O

H
),

a
com

plex
consisting

of
the

ruthenium
-labelled

V
D
B
P

and
the

biotinylated
vitam

in
D

(25-O
H
)
is

form
ed.

The
entire

com
plex

becom
es

bound
to

the
solid

phase
(by

the
interaction

of
biotin

and
streptavidin-coated

m
icroparticles,

w
hich

are
m
agnetically

captured
on

the
surface

of
the

elecrode).U
nbound

substances
are

rem
oved

w
ith

ProC
ell/ProC

ellM
.A

pplying
voltage

to
the

electrode
induces

chem
ilum

inescent
em

ission,
w
hich

is
m
easured

by
a

photom
ultiplier.

Results
are

determ
ined

via
an

instrum
ent-specific

calibration
curve,

w
hich

is
generated

by
tw
o-point

calibration
and

a
calibration

m
aster

curve
provided

via
the

reagent
barcode.

Q
uantification

of
plasm

a
and

urinary
com

pounds

Plasm
a

creatine,
creatinine,

guanidinoacetate,
carnitine

and
acetylcarnitine

w
ere

m
easured

by
liquid

chrom
atography-double

M
S
(LC

-M
SM

S)
w
ith

butanol-H
C
l
derivatisation.

C
reatine,

creati-
nine

and
guanidinoacetate

w
ere

quantified
as

p
reviously

descri-
bed

(33).
For

p
lasm

a
carnitine

and
acetylcarnitine,

400
µl

of
m
ethanolw

ere
added

to
100

µlofeach
p
lasm

a
sam

p
le.V

ials
w
ere

m
ixed

for
2
m
in,incubated

for
1
h
at8°

and
centrifuged

for
15

m
in

at
16

000
g.

T
he

sup
ernatant

(50
µl)

w
as

evaporated
to

dryness
under

N
2
at

room
tem

p
erature.

T
he

rem
aining

residues
w
ere

subsequently
derivatised

w
ith

50
µlofbutanol-H

C
l.Sam

p
les

w
ere

dried
again

under
N
2
at

45°C
,
and

100
µl

of
m
obile

p
hase

(80
%

m
ethanol)

w
as

added.
W
e
injected

5
µl

in
the

LC
-M

SM
S
system

.
U
rinary

creatinine
w
as

m
easured

using
the

C
obas

Instrum
ent

(R
oche).Plasm

a
β-alanine

and
urinary

biom
arkers

for
m
eatintake

(p
i-m

ethylhistidine,
tau-m

ethylhistidine
and

anserine)
w
ere

m
ea-

sured
by

H
PLC

.Plasm
a
and

urine
of

allp
articip

ants
at

three
tim

e
p
oints

w
ere

dep
roteinised

using
35

%
sulfosalicylic

acid
and

centrifuged
(16

000
g
for

5
m
in).

T
w
o-p

oint
6
µl

of
dep

roteinised
sup

ernatant
w
as

m
ixed

w
ith

77·4
µl

of
A
ccQ

Fluor
B
orate

buffer
and

20
µl

of
reconstituted

Fluor
R
eagent

from
the

A
ccQ

T
ag

chem
istry

kit
(W

aters).
T
he

sam
e
m
ethod

w
as

ap
p
lied

to
the

com
bined

standard
solutions

of
β-alanine

(Sigm
a)

for
p
lasm

a,and
p
i-m

ethylhistidine
(Sigm

a),
tau-m

ethylhistidine
(Sigm

a)
and

anserine
(Sigm

a)
for

urine.T
he

derivatised
sam

p
les

w
ere

app
lied

to
a
W
aters

H
PLC

system
w
ith

the
follow

ing
p
aram

eters:A
ccQ

T
ag

colum
n

(3·9
×
150

m
m
,
5
µm

)
for

β-alanine
quantification

and
X
bridge

B
EH

colum
n

(4·6
×
150

m
m
,
2·5

µm
)

for
p
i-m

ethyl-
histidine,

tau-m
ethylhistidine

and
anserine

quantification,
both

w
ith

fluorescence
detector

(excitation/em
ission

w
avelength:250/

395
nm

).T
he

colum
n
w
as

equilibrated
w
ith

buffer
A
(10

%
eluent

A
(W

aters)
–
90

%
H
2 O

),buffer
B
(100

%
acetonitrile)

and
buffer

C
(100

%
H
2 O

)
at

a
flow

rate
of

1
m
l/m

in
at

room
tem

p
erature.

Q
uantification

of
m
uscle

carnitine
and

creatine

W
et

m
uscle

sam
p
les

w
ere

frozen
in

liquid
N
2
and

subsequently
freeze-dried

before
being

p
ow

dered
and

checked
for

all
visible

blood
and

connective
tissue,

w
hich

w
ere

rem
oved

under
low

-grade
m
icroscop

y.
T
hen

m
uscle

m
etabolites

w
ere

extracted
by

adding
cold

0·5
M
p
erchloric

acid
(PC

A
,containing

1
m

M
ED

T
A
)

to
the

m
uscle

p
ow

der
w
hile

on
ice

in
a
ratio

of
1
m
lof

PC
A
:every

12·5
m
g
of

m
uscle

p
ow

der.
T
hen,

sam
p
les

w
ere

gently
vortexed

for
10

m
in

before
being

centrifuged
(10

000
rpm

for
3
m
in

at4°C
).

Sup
ernatants

w
ere

then
carefully

rem
oved

to
new

test
tubes

and
neutralised

w
ith

2·2
M
K
H
C
O

3 .
T
he

p
erchlorate

p
recip

itates
w
ere

rem
oved

by
centrifugation

(10
000

rp
m

for
3
m
in

at
4°C

),and
the

sup
ernatants

(m
etabolite

extracts)
w
ere

rem
oved

to
new

test
tubes

and
stored

at
−80°C

for
subsequent

analysis.
M
uscle

PC
A

extracts
w
ere

used
to

determ
ine

m
uscle

totalcreatine
contentand

free
and

acetylcarnitine
content

using
sp
ectrop

hotom
etric

and
radioactive

m
ethods

described
by

H
arris

et
a
l. (34)

and
C
ederblad

etal. (35),resp
ectively.M

uscle
totalcreatine

and
carnitine

contents
w
ere

exp
ressed

as
the

sum
of

creatine
and

p
hosp

hocreatine,and
the

sum
of

free
and

acetylated
carnitine,

resp
ectively.

Proton
m
agnetic

resonance
spectroscopy

T
h
e
carn

o
sin

e
levels

in
so
leu

s
an

d
gastro

cn
em

iu
s
m
u
scles

o
f
all

su
b
jects

at
0M

,
3M

an
d
6M

w
as

m
easu

red
b
y
p
ro
to
n
m
agn

etic
reso

n
an

ce
sp
ectro

sco
p
y
( 1H

-M
R
S),

as
p
revio

u
sly

d
escrib

ed
(3
6
).

T
h
e
su
b
jects

w
ere

lyin
g
in

su
p
in
e
p
o
sitio

n
an

d
th
e
lo
w
er

leg

762
L.

B
lan

cq
u
aert

et
a
l.
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w
as

fi
xed

in
a
h
o
ld
er

w
ith

th
e
an

gle
o
f
th
e
an

kle
at

20°
p
lan

tar
fl
exio

n
.
A
ll
th
e
M
R
S
m
easu

rem
en

ts
w
ere

p
erfo

rm
ed

w
ith

a
3

T
esla

w
h
o
le-b

o
d
y
M
R
I
scan

n
er

(Siem
en

s
T
rio

)
eq

u
ip
p
ed

w
ith

a
sp
h
erical

kn
ee-co

il.
Sin

gle-vo
xel

p
o
in
t-reso

lved
sp
ectro

sco
p
y

(P
R
E
SS)

seq
u
en

ce
w
ith

th
e

fo
llo

w
in
g

p
aram

eters
w
as

u
sed

:
rep

etitio
n
tim

e
(T
R
)=

2·000
m
s,ech

o
tim

e
(T
E
)=

30
m
s,n

u
m
b
er

o
f
excitatio

n
s=

128,
1·024

d
ata

p
o
in
ts,

sp
ectral

b
an

d
w
id
th

o
f

1·200
H
z
an

d
a
to
tal

acq
u
isitio

n
tim

e
o
f
4·24

m
in
.
T
h
e
average

vo
xel

size
w
as

40
×
10

×
28

m
m

fo
r
so
leu

s
an

d
40

×
11

×
29

m
m

fo
r
gastro

cn
em

iu
s
an

d
th
e
lin

e
w
id
th

o
f
th
e
w
ater

sign
alw

as
o
n

average
25·2

H
z
(so

leu
s)

an
d
28·3

H
z
(gastro

cn
em

iu
s),

fo
llo

w
-

in
g

sh
im

m
in
g

p
ro
ced

u
res.

T
h
e

ab
so
lu
te

carn
o
sin

e
co

n
ten

t
(in

m
M
)
w
as

calcu
lated

as
d
escrib

ed
b
efo

re
b
y
B
agu

et
et

a
l. (3

6
).

Statistics

A
one-w

ay
A
N
O
V
A
w
as

p
erform

ed
to

com
p
are

the
difference

in
baseline

values
(age,

height,
w
eight,

B
M
I,

m
uscle

carnosine
concentration

and
V
O

2m
ax ).

A
3
×
3
rep

eated-m
easures

A
N
O
V
A

w
ith

baseline
values

of
each

p
aram

eter
as

a
covariate

(A
N
C
O
V
A
)

w
as

used
to

evaluate
p
lasm

a
and

urinary
m
etabolite

concen-
trations,

m
uscle

carnosine,
T
T
E
and

V
O

2m
ax

w
ith

‘group
’
(V
eg

+
Sup

p
l;
V
eg

+
Pla;

control)
as

betw
een-subject

factor
and

‘tim
e
’

(0M
;
3M

;
6M

)
as

w
ithin-subject

factor
(SPSS

statistical
softw

are;
SPSS

Inc.).
For

the
analysis

of
capillary

lactate
and

p
H
,
m
ea-

surem
ents

before
and

after
the

increm
ental

cycling
test

w
ere

included
as

another
w
ithin-subject

factor
(start;

end).
In

case
of

significance,
analyses

w
ere

rep
eated

for
each

group
sep

arately
and

p
airw

ise
com

p
arisons

w
ere

used
to

com
p
are

the
different

tim
e
p
oints.

A
3
×
2
rep

eated-m
easures

A
N
C
O
V
A
(w

ith
baseline

values
of

each
p
aram

eter
as

a
covariate)

w
as

used
to

analyse
m
uscle

biop
sy

m
etabolite

content
and

dietary
m
acronutrient

intake
w
ith

‘group
’(V

eg
+
Sup

p
l;
V
eg

+
Pla;

control)
as

betw
een-

subject
factor

and
‘tim

e
’
(0M

;
3M

)
as

w
ithin-subject

factor.
In

case
of

significance,
p
airw

ise
com

p
arisons

w
ere

p
erform

ed
to

com
p
are

0
to

3
m
onths

for
each

group
sep

arately.
C
orrelations

betw
een

serum
25-hydroxyvitam

in
D

and
p
lasm

a
and

m
uscle

carnitine
concentrations

w
ere

obtained
by

m
eans

of
Pearson

’s
correlations.

V
alues

are
p
resented

as
m
eans

and
standard

deviations
and

statistical
significance

threshold
w
as

set
at

P
≤
0·05.

T
he

sam
p
le
size

w
as

calculated
in

accordance
w
ith

the
p
rim

ary
outcom

e
of

the
trial:a

totalsam
p
le

size
of

tw
enty-four

subjects
is

necessary
to

detect
an

effect
size

of
0·25

of
a
vegetarian

diet
on

m
uscle

creatine,
as

w
e

know
that

m
uscle

creatine
declines

follow
ing

a
22-d

vegetarian
diet (24).

T
he

sam
p
le

size
of

fifteen
subjects

in
each

vegetarian
group

w
as

thus
chosen

to
w
arrantfor

drop
-outas

the
study

is
a
long-term

intervention.A
s
the

study
w
as

less
onerous

for
the

control
group

and
investigated

variables
w
ere

hyp
othesised

to
be

constant
follow

ing
an

om
nivore

diet,
only

ten
subjects

w
ere

included
in

this
group

.

R
esults

Participants

A
t
th
e
start

o
f
th
e
stu

d
y,

th
e
age,

w
eigh

t,
h
eigh

t
an

d
B
M
I
o
f

th
e
sam

p
le

as
a
w
h
o
le

w
as

25·6
(SD

7·3)
years,

62·7
(SD

7·9)kg,
168

(SD
6·3)cm

an
d
22·3

(SD
2·6)kg/m

2,
resp

ectively.
A
fter

th
e

p
articip

an
ts

w
ere

assign
ed

to
th
eir

gro
u
p
,
n
o
sign

ifi
can

t
d
iffer-

en
ces

em
erged

fo
r
age,

w
eigh

t,
h
eigh

t
an

d
B
M
I
(T
ab

le
1).

Fu
rth

erm
o
re,

th
ere

w
as

n
o

sign
ifi
can

t
d
ifferen

ce
in

b
aselin

e
m
u
scle

carn
o
sin

e
levels

fo
r
b
o
th

so
leu

s
an

d
gastro

cn
em

iu
s

(T
ab

le
1).

T
h
e
gro

u
p
s
d
id

n
o
t
d
iffer

in
p
h
ysical

fi
tn
ess

d
eter-

m
in
ed

b
y
V
O

2
m
ax

valu
es

(co
n
tro

l:
40·4

(SD
6·4)m

l/m
in

p
er

kg,
V
eg

+
P
la:

39·4
(SD

6·4)m
l/m

in
p
er

kg,
V
eg

+
Su

p
p
l:

36·6
(SD

6·3)m
l/m

in
p
er

kg;
P
=
0·504).

C
om

pliance
control

via
urinary

biom
arkers

for
m
eat

intake

B
oth

dietary
m
eat

intake
urinary

m
arkers

p
i-m

ethylhistidine
and

anserine
w
ere

significantly
low

er
or

revealed
a
trend

to
signi-

ficance
at

6M
than

at
0M

in
the

V
eg

+
Pla

and
V
eg

+
Sup

p
lgroup

s
(p
i-m

ethylhistidine:
P
=
0·006

and
P
=
0·004,

anserine:
P
=
0·075

and
P
=
0·048,

resp
ectively),

but
not

in
the

control
group

(p
i-m

ethylhistidine:
P
=
0·411;

anserine:
P
=
0·526)

(T
able

2).
A
lthough

urinary
tau-m

ethylhistidine
excretion

at
6M

w
as

sig-
nificantly

low
er

than
at

0M
in

all
exp

erim
ental

group
s,
the

m
ag-

nitude
of

this
decline

w
as

m
ore

p
ronounced

in
the

V
eg

+
Pla

and
V
eg

+
Sup

p
l
group

s
than

in
the

control
group

.

Tab
le

1.
B
aseline

values
of

the
three

experim
entalgroups

(M
ean

values
and

standard
deviations)

C
ontrol

V
eg

+
P
la

V
eg

+
S
uppl

M
ean

S
D

M
ean

S
D

M
ean

S
D

A
ge

(years)
25·9

9·0
25·4

7·1
25·5

6·6
W
eight

(kg)
59·0

6·7
63·3

6·6
64·8

9·5
H
eight

(cm
)

168
6·6

169
5·1

167
7·6

B
M
I
(kg/m

2)
21·0

2·3
22·3

2·2
23·2

2·9
C
arnosine

soleus
(m

M
)

3·9
0·4

3·5
0·4

3·7
1·1

C
arnosine

gastrocnem
ius

(m
M
)

5·2
1·2

5·2
1·5

5·1
1·6

V
eg

+
P
la,

vegetarian
+
placebo;V

eg
+
S
uppl,

vegetarian
+
supplem

entalcreatine
and

β-alanine.

Tab
le

2.
U
rinary

concentrations
of

the
m
eat-intake

biom
arkers

pi-m
ethyl-

histidine,
tau-m

ethylhistidine
and

anserine
for

the
three

experim
ental

groups
at

baseline
(0

m
onths;

0M
),

3
m
onths

(3M
)
and

6
m
onths

(6M
)

analysed
by

a
repeated-m

easures
A
N
O
V
A

(M
ean

values
and

standard
deviations)

0M
3M

6M

M
ean

S
D

M
ean

S
D

M
ean

S
D

P
i-m

ethylhistidine
(m

g/24
h)

C
ontrol

161·9
111·2

117·8
124·8

122·5
168·8

V
eg

+
P
la

167·4
145·3

26·4*
10·7

15·1*
4·7

V
eg

+
S
uppl

212·9
201·0

28·7*
9·1

18·0*
6·7

Tau-m
ethylhistidine

(m
g/24

h)
C
ontrol

55·2
25·3

74·6
61·6

42·6*
21·5

V
eg

+
P
la

63·1
20·0

43·1*
15·3

27·6**
7·1

V
eg

+
S
uppl

63·0
22·3

46·1*
16·0

26·5**
8·5

A
nserine

(m
g/24

h)
C
ontrol

15·0
14·3

9·5
7·4

11·6
23·2

V
eg

+
P
la

9·2
7·9

5·5
2·9

4·0
†

1·9
V
eg

+
S
uppl

10·7
12·9

4·4
†

2·2
2·6*

1·1

V
eg

+
P
la,

vegetarian
+
placebo;V

eg
+
S
uppl,

vegetarian
+
supplem

entalcreatine
and

β-alanine.
*
P
<
0·05

com
pared

w
ith

0M
;
**

P
<
0·001

com
pared

w
ith

0M
.

†
0·05

<
P
<
0·10

com
pared

w
ith

0M
.

V
egetarian

s,
creatin

e,
carn

itin
e
an

d
carn

o
sin

e
763
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C
reatine

m
oieties

T
o
evalu

ate
th
e
effecto

f
a
lo
n
g-term

vegetarian
d
ietin

p
revio

u
s

o
m
n
ivo

res
o
n

creatin
e

m
o
ieties,

p
lasm

a
creatin

e
(Fig.

2(a)),
creatin

in
e
(Fig.

2(b
))

an
d
gu

an
id
in
o
acetate

(Fig.
2(c)),

u
rin

ary
creatin

in
e
(Fig.

2(d
))

an
d

m
u
scle

to
tal

creatin
e
(Fig.

3)
w
ere

m
easu

red
.
Fo

r
p
lasm

a
creatin

e,
a
sign

ifi
can

t
in
teractio

n
effect

(P
<
0·001)

w
as

fo
u
n
d
(Fig.

2(a)),
d
em

o
n
stratin

g
a
d
ecrease

o
f

46
%

fro
m

b
aselin

e
in

th
e
V
eg

+
P
la

gro
u
p
(P

=
0·008)

an
d
an

in
crease

o
f
195

%
in

th
e

V
eg

+
Su

p
p
l
gro

u
p

(P
=
0·008)

after
6

m
o
n
th
s.

P
lasm

a
creatin

in
e

(P
=
0·102),

gu
an

id
in
o
acetate

(P
=
0·414)

an
d

u
rin

ary
creatin

in
e
(P

=
0·344)

w
ere

n
o
t
in
fl
u
-

en
ced

b
y
an

y
in
terven

tio
n
.A

s
can

b
e
seen

in
Fig.3,a

sign
ifi
can

t
in
teractio

n
effect

(P
=
0·017)

w
as

fo
u
n
d

fo
r

m
u
scle

to
tal

creatin
e.

A
d
h
erin

g
to

a
creatin

e-p
o
o
r

vegetarian
d
iet

fo
r

3
m
o
n
th
s
cau

sed
a
sign

ifi
can

t
d
eclin

e
(14·6

%
)
in

m
u
scle

to
tal

creatin
e
(153·5

(SD
24·0)

to
128·8

(SD
11·6)m

m
o
l/kg

d
ry

w
eigh

t
(d
w
);

P
=
0·009),

w
h
ereas

th
is

w
as

sligh
tly

in
creased

in
th
e

V
eg

+
Su

p
p
l
(9·7

%
)
an

d
co

n
tro

l
(6·8

%
)
gro

u
p
s
(P

=
0·387

an
d

P
=
0·068,

resp
ectively).

C
arnitine

m
oieties

P
lasm

a
an

d
m
u
scle

free
carn

itin
e,

acetylcarn
itin

e
an

d
to
tal

carn
itin

e
(free

+
acetylcarn

itin
e

fo
rm

s)
co

n
cen

tratio
n
s

w
ere

m
easu

red
to

in
vestigate

th
e

effect
o
f
in
d
u
ced

vegetarian
ism

o
n

th
e
carn

itin
e
m
oieties

in
p
revio

u
s
o
m
n
ivo

re
su
b
jects.

N
o

sign
ifi
can

t
in
teractio

n
effect

w
as

fo
u
n
d

fo
r

an
y

o
f

th
ese

p
aram

eters.
H
o
w
ever,

as
sh
o
w
n
in

Fig.
4(a)–(c)

an
d
5(a)–(c),

sign
ifi
can

t
m
ain

effect
o
f
tim

e
fo
r
p
lasm

a
carn

itin
e
(P

=
0·003),

acetylcarn
itin

e
(P

=
0·002)

an
d

to
tal

carn
itin

e
(P

=
0·001),

an
d

m
u
scle

carn
itin

e
(P

=
0·049)

an
d
to
talcarn

itin
e
(P

=
0·001)

w
ere

fo
u
n
d
.
A
s
m
o
st

o
f
th
e
carn

itin
e
p
aram

eters
seem

to
d
eclin

e

in
d
ep

en
d
en

tly
fro

m
in
terven

tio
n
,
b
u
t
rath

er
as

a
resu

lt
o
f
a

seaso
n
al

p
attern

,
esp

ecially
to
w
ard

s
th
e

3M
tim

e
p
o
in
t
th
at

co
in
cid

ed
w
ith

th
e
en

d
o
f
th
e
w
in
ter,

w
e
d
ecid

ed
,
th
erefo

re,
to

evalu
ate

w
h
eth

er
carn

itin
e
seaso

n
al

p
attern

co
u
ld

b
e
related

to
th
e
vitam

in
D

statu
s.

Serum
25-hydroxyvitam

in
D

Sim
ilar

to
m
o
sto

fth
e
carn

itin
e
fo
rm

s,a
sign

ifi
can

tm
ain

effecto
f

tim
e
(P

<
0·001)

fo
r
seru

m
25-h

yd
ro
xyvitam

in
D

co
n
cen

tratio
n

w
as

fo
u
n
d
,
exem

p
lifi

ed
b
y
a
sign
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f
th
e
to
tal

b
o
d
y
creatin

e
p
o
o
l
tu
rn
ed

o
ver

p
er

d
ay.

C
o
n
seq

u
en

tly,
in

th
e
w
o
m
en

p
arti-

cip
atin

g
in

th
is
stu

d
y,

w
ith

a
b
o
d
y
p
o
o
l
o
f
ap

p
ro
xim

ately
110

g
o
f
to
tal

creatin
e,

ap
p
ro
xim

ately
1·6

g/d
h
as

to
b
e
rep

laced
b
y

d
ietary

creatin
e
in
take

an
d
d
e
n
ovo

b
io
syn

th
esis

(2
2
).It

h
as

b
een

d
em

o
n
strated

th
atin

a
d
ietco

n
tain

in
g
m
eatan

d
fi
sh

th
e
average

creatin
e

in
take

is
ap

p
ro
xim

ately
1·0

g/d
(3
7
)
an

d
1
–2

g/d
o
f

creatin
e
is
en

d
o
gen

o
u
sly

syn
th
esised

fro
m

argin
in
e,glycin

e
an

d
m
eth

io
n
in
e
in

liver,
kid

n
ey

an
d
p
an

creas
(2
2
).
T
h
u
s,
in

th
e
case

o
f
a
creatin

e-p
o
o
r
d
iet,

ap
p
ro
xim

ately
tw

ice
as

m
u
ch

creatin
e

n
eed

s
to

b
e
en

d
o
gen

o
u
sly

syn
th
esised

to
m
ain

tain
th
e
b
o
d
y

creatin
e

p
o
o
l,

w
h
ich

th
e

cu
rren

t
d
ata

d
em

o
n
strate

is
n
o
t

p
o
ssib

le
w
h
en

o
m
n
ivo

res
sw

itch
to

a
vegetarian

d
iet.

W
h
en

m
u
scle

creatin
e
sto

res
d
eclin

e
in

resp
o
n
se

to
a
vegetarian

d
iet,

o
n
e
w
o
u
ld

also
exp

ect
u
rin

ary
creatin

in
e
clearan

ce
to

d
eclin

e
b
y
a
sim

ilar
m
agn

itu
d
e,as

th
ere

is
n
o
en

zym
atic

co
n
tro

lfo
r
th
e

h
yd

ro
lysis

o
f
creatin

e
an

d
to
tal

m
u
scle

m
ass

is
assu

m
ed

to
rem

ain
stab

le.
M
u
scle

to
tal

creatin
e
co

n
ten

t
d
eclin

ed
b
y
14·6

%
(in

teractio
n
effectP

=
0·017)

in
th
e
V
eg

+
P
la
gro

u
p
at3

m
o
n
th
s.

A
lth

o
u
gh

th
e
relative

ch
an

ge
in

u
rin

ary
creatin

in
e
w
as

o
f
th
e

sam
e

m
agn

itu
d
e

(−
14·2

%
),

th
is

d
id

n
o
t
reach

sign
ifi
can

ce
(in

teractio
n

effect
P
=
0·344),

w
h
ich

is
m
o
st

likely
related

to
th
e
h
igh

er
in
ter-in

d
ivid

u
al

variab
ility

o
f
th
e
latter

variab
le.

C
arn

itin
e
an

d
carn

o
sin

e
h
ave

a
lo
w
er

m
u
scu

lar
co

n
cen

tratio
n

(20
–30

m
m
o
l/kg

d
w
)
an

d
a
m
u
ch

slo
w
er

tu
rn
o
ver

rate
th
an

creatin
e.

H
ealth

y
su
b
jects

excrete
carn

itin
e

at
a

rate
o
f

ap
p
ro
xim

ately
5
µm

o
l/kg/d

,w
h
ich

,fo
r
th
e
w
o
m
en

p
articip

atin
g

in
th
is

stu
d
y,

am
o
u
n
ts

to
~
315

µm
o
l/d

(co
rresp

o
n
d
in
g

to
ap

p
ro
xim

ately
0·05

g/d
an

d
0·02

%
o
f
to
tal

b
o
d
y

carn
itin

e
p
o
o
l) (6

).
Fo

r
m
u
scle

carn
o
sin

e,
w
ash

o
u
t
tim

e
after

a
p
erio

d
o
f

carn
o
sin

e
lo
ad

in
g
b
y
β-alan

in
e
su
p
p
lem

en
tatio

n
w
as

sh
o
w
n
to

b
e
a
slo

w
p
ro
cess

th
at

takes
6
–20

w
eeks

(2
3
),
d
em

o
n
stratin

g
th
e

slo
w

d
egrad

atio
n
rate

o
f
carn

o
sin

e.
B
agu

et
et

a
l. (2

3
)
calcu

lated
th
at,

in
ab

so
lu
te

term
s,

th
e
elim

in
atio

n
o
f
carn

o
sin

e
is

ab
o
u
t

0·5
g/d

,
w
h
ich

co
rresp

o
n
d
s
to

ap
p
ro
xim

ately
0·15

%
o
f
to
tal

b
o
d
y
carn

o
sin

e
p
o
o
l
an

d
is

th
u
s
10-fo

ld
slo

w
er

th
an

th
at

fo
r

creatin
e
(1·7

%
).

T
o

o
u
r
kn

o
w
led

ge,
th
is

is
th
e

fi
rst

lo
n
g-term

in
terven

tio
n

stu
d
y

d
em

o
n
stratin

g
th
at

b
o
d
y

creatin
e

sto
res

d
eclin

e
after

in
itiatio

n
o
f
a
vegetarian

d
iet.

O
u
r
resu

lts
are

in
acco

rd
an

ce
w
ith

cro
ss-sectio

n
al

d
ata

o
n
p
lasm

a
an

d
u
rin

ary
creatin

e
an

d
creatin

in
e
valu

es
in

vegetarian
su
b
jects

(1
6
).M

u
scle

to
talcreatin

e
d
ecreased

w
ith

in
3
m
o
n
th
s
b
y
14

%
in

o
u
r
su
b
jects,

w
h
ich

is
in

acco
rd
an

ce
w
ith

th
e
cro

ss-sectio
n
ald

ecrease
(−
10

%
)
in

m
u
scle

to
tal

creatin
e
fo
u
n
d

in
th
e
stu

d
y
o
f
B
u
rke

et
a
l. (1

9
)
an

d
th
e

lo
n
gitu

d
in
al

d
ecrease

(−
10

%
)

after
a

3-w
eek

in
terven

tio
n

p
erio

d
in

o
m
n
ivo

ro
u
s
su
b
jects

(2
4
).
H
o
w
ever,

th
is

d
ecrease

d
id

n
o
t
affect

V
O

2
m
ax

n
o
r
T
T
E

o
f
th
e

in
crem

en
tal

cyclin
g

test.
A
lth

o
u
gh

th
e
exercise

m
o
d
es

w
ere

m
u
ch

d
ifferen

t
in

n
atu

re,
th
is

is
in

acco
rd
an

ce
w
ith

p
revio

u
s
stu

d
ies

th
at

d
id

n
o
t
fi
n
d
a

d
ifferen

ce
b
etw

een
vegetarian

an
d
n
o
n
-vegetarian

su
b
jects

fo
r

exercise
p
erfo

rm
an

ce
m
easu

res,
su
ch

as
3

20-s
b
o
u
ts

o
f

m
axim

alcyclin
g
(3
8
)an

d
1-rep

etitio
n
m
axim

u
m

b
en

ch
p
ress

an
d

Tab
le

4.
C
apillary

lactate
and

pH
at

baseline
(0

m
onths;

0M
),
3
m
onths

(3M
)
and

6
m
onths

(6M
)
at

rest
and

at
the

end
of

the
increm

entalcycling
test

(M
ean

values
and

standard
deviations)0M

3M
6M

S
tart

E
nd

S
tart

E
nd

S
tart

E
nd

M
ean

S
D

M
ean

S
D

M
ean

S
D

M
ean

S
D

M
ean

S
D

M
ean

S
D

Lactate
(m

m
ol/l)

C
ontrol

1·9
0·5

10·7
1·6

2·4
1·0

11·4
2·6

2·0
0·5

12·1
2·0

V
eg

+
P
la

2·0
0·7

12·4
4·2

2·0
0·9

14·1
2·1

1·7
0·4

12·7
1·1

V
eg

+
S
uppl

1·8
0·8

10·7
2·7

2·2
0·9

12·2
2·3

2·2
1·1

13·1
2·1

pHC
ontrol

7·40
0·02

7·28
0·03

7·40
0·03

7·27
0·04

7·42
0·04

7·29
0·05

V
e g

+
P
la

7·41
0·02

7·24
0·07

7·42
0·03

7·23
0·04

7·43
0·02

7·27
0·03

V
eg

+
S
uppl

7·42
0·02

7·28
0·06

7·41
0·01

7·26
0·04

7·43
0·01

7·28
0·04

V
eg

+
P
la,

vegetarian
+
placebo;

V
eg

+
S
uppl,

vegetarian
+
supplem

entalcreatine
and

β-alanine.

Tab
le

5.
D
aily

intake
of

energy
content,

proteins,
carbohydrates

and
fat

through
the

regular
diet

both
at

the
start

(0
m
onths;

0M
)
and

after
3
m
onths

(3M
)(M

ean
values

and
standard

deviations)

0M
3M

M
ean

S
D

M
ean

S
D

E
nergy

(kJ/d)
C
ontrol

8690
1733·0

8615
1930·1

V
eg

9163
1444·7

9724
2675·2

E
nergy

(kcal/d)
C
ontrol

2077
414·2

2059
461·3

V
eg

2190
345·3

2324
639·4

P
rotein

(g/d)
C
ontrol

75·3
17·6

70·2
20·1

V
eg

78·9
15·4

69·7
16·1

C
arbohydrates

(g/d)
C
ontrol

240·7
48·3

254·2
65·3

V
eg

243·0
41·2

282·0
83·6

Fat
(g/d)

C
ontrol

83·0
22·8

71·4
39·7

V
eg

87·2
22·4

94·3
37·2

V
eg,

vegetarian
subjects.

V
egetarian

s,
creatin

e,
carn

itin
e
an

d
carn

o
sin

e
767
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leg
p
ress

(1
9
).

H
o
w
ever,

red
u
ced

m
u
scle

to
tal

creatin
e

levels
m
igh

t
affect

o
th
er

sh
o
rt-term

h
igh

-in
ten

sity
p
erfo

rm
an

ces
su
ch

as
sp
rin

tin
g,

in
w
h
ich

p
h
o
sp
h
o
creatin

e
p
lays

a
key

ro
le.

In
terestin

gly,
lo
w
-d
o
se

creatin
e
su
p
p
lem

en
tatio

n
co

m
b
in
ed

w
ith

a
vegetarian

d
ietw

as
ab

le
to

m
ain

tain
m
u
scle

to
talcreatin

e
co

n
ten

tatb
aselin

e
levels

after
3
m
o
n
th
s
an

d
even

trip
le

p
lasm

a
creatin

e
co

n
cen

tratio
n
s
at

6
m
o
n
th
s,

th
ereb

y
m
akin

g
creatin

e
a

valid
su
p
p
lem

en
t
fo
r
vegetarian

ath
letes

p
articip

atin
g

in
h
igh

-in
ten

sity
exercises.

A
d
aily

d
o
se

o
f
1
g
o
f
creatin

e
m
o
n
o
-

h
yd

rate
seem

s
to

b
e
a
su
ffi
cien

t
d
o
se

to
p
reven

t
d
e
fi
cien

cies,
w
h
ich

is
co

n
sid

erab
ly

lo
w
er

th
an

th
e

3
–20

g/d
req

u
ired

to
elevate

m
u
scle

creatin
e
sto

res
ab

o
ve

th
e
b
aselin

e
set

p
o
in
t (3

9
).

A
s

th
e

d
aily

in
gestio

n
o
f

0·88
g

creatin
e

(1
g

creatin
e

m
o
n
o
h
yd

rate)
is

ad
eq

u
ate

to
avo

id
a
d
eclin

e
in

b
o
d
y
creatin

e
sto

res
o
n

th
e

b
ackgro

u
n
d

o
f
a
creatin

e-free
vegetarian

d
iet,

th
e
rem

ain
d
er

o
f
th
e
d
aily

creatin
e
req

u
irem

en
tis

p
ro
b
ab

ly
m
et

b
y
en

d
o
gen

o
u
s
syn

th
esis

in
kid

n
ey

an
d
liver.

C
arn

itin
e
h
o
m
eo

stasis
o
f
eith

er
p
lasm

a
o
r
m
u
scle

w
as

n
o
t

in
fl
u
en

ced
b
y
in
itiatio

n
o
f
a
vegetarian

d
iet.

D
ietary

carn
itin

e
in
take

is
m
ain

ly
attrib

u
tab

le
to

th
e

in
take

o
f
m
eat

an
d

fi
sh

(an
im

al
so
u
rce),

alth
o
u
gh

it
is

n
o
t
co

m
p
letely

ab
sen

t
in

d
airy

p
ro
d
u
cts

an
d
so
m
e
vegetab

les,fru
it
an

d
cereals

(4
0
).T

h
u
s,

carn
itin

e
is

also
p
resen

t
in

m
o
d
erate

am
o
u
n
ts

in
a
vegetarian

d
iet

an
d
h
as

a
slo

w
tu
rn
o
ver

rate
relative

to
th
at

o
f
creatin

e,
w
h
ich

is
in

lin
e
w
ith

th
e
ab

sen
ce

o
f
an

effect
o
f
6
m
o
n
th
s

vegetarian
ism

o
n

p
lasm

a
carn

itin
e

co
n
cen

tratio
n
s,

as
w
e

h
yp

o
th
esised

.
A
s
all

exp
erim

en
tal

gro
u
p
s
d
isp

lay
th
e

sam
e

p
attern

in
th
e

cu
rren

t
stu

d
y,

n
am

ely
lo
w
er

carn
itin

e
an

d
acetylcarn

itin
e

co
n
cen

tratio
n
s

at
3M

,
w
h
ich

seem
ed

to
b
e

resto
red

at
6M

,
th
is

co
u
ld

h
ave

re
fl
ected

seaso
n
al

variatio
n
s

rath
er

th
an

effects
o
fth

e
in
terven

tio
n
.T

h
e
stu

d
y
w
as

in
itiated

in
m
id
-D

ecem
b
er

an
d

th
e

in
term

ed
iate

m
easu

rem
en

ts
w
ere

p
erfo

rm
ed

in
M
arch

;
th
u
s,

th
e

fi
rst

h
alf

o
f
th
e

in
terven

tio
n

p
erio

d
w
as

d
u
rin

g
w
in
ter,

w
h
ereas

th
e
seco

n
d
p
art,

w
ith

th
e

fi
n
al

m
easu

rem
en

ts
in

th
e

seco
n
d

h
alf

o
f
Ju
n
e,

w
as

d
u
rin

g
sp
rin

g.
T
h
erefo

re,
w
e

h
yp

o
th
esised

th
at

vitam
in

D
statu

s
m
ay

b
e
an

u
n
d
erlyin

g
m
ech

an
ism

fo
r
th
e
o
b
served

seaso
n
al

fl
u
ctu

atio
n
s

in
carn

itin
e

h
o
m
eo

stasis.
T
h
is

h
yp

o
th
esis

w
as

b
ased

o
n

th
e

fi
n
d
in
gs

o
f
D
u
rsu

n
(4
1
)
w
h
o

fo
u
n
d

d
ecreased

p
lasm

a
carn

itin
e

levels
an

d
in
creased

carn
itin

u
ria

in
severe

vitam
in

D
d
e
fi
cien

cy
p
atien

ts
(rickets),

an
d
ro
d
en

t
stu

d
ies

(4
2
)

h
ave

d
o
cu

m
en

ted
th
at

lo
w

vitam
in

D
statu

s
im

p
airs

lip
id

o
xid

atio
n

cap
acity,

in
clu

d
in
g

carn
itin

e
p
alm

ito
yltran

sferase-1
exp

ressio
n
.
O
u
r

resu
lts

in
d
icate

th
at,

sim
ilar

to
carn

itin
e,

seaso
n
al

fl
u
ctu

atio
n
s
are

fo
u
n
d

in
seru

m
vitam

in
D

co
n
cen

-
tratio

n
o
n
gro

u
p
level.

Y
et,

w
h
en

lo
o
kin

g
at

in
d
ivid

u
al

level,
a

sign
ifi
can

t
n
ega

tive
co

rrelatio
n
b
etw

een
seru

m
vitam

in
D

an
d

p
lasm

a
to
talcarn

itin
e
co

n
ten

t
w
as

fo
u
n
d
,w

h
ich

w
o
u
ld

in
d
icate

th
at

vitam
in

D
can

n
o
t
exp

lain
th
e

seaso
n
al

fl
u
ctu

atio
n
s
in

carn
itin

e
h
o
m
eo

stasis
in

th
e

p
resen

t
stu

d
y.

T
h
e

d
iscrep

an
cy

w
ith

p
revio

u
s
literatu

re
(4
1
,4
2
)
p
ro
b
ab

ly
relates

to
th
e
severity

o
f

vitam
in

D
d
e
fi
cien

cy
in

th
e
latter

stu
d
ies,as

co
m
p
ared

w
ith

th
e

p
h
ysio

lo
gical

ran
ge

in
th
e
p
resen

t
stu

d
y.

P
u
b
lish

ed
cro

ss-sectio
n
al

d
ata

sh
o
w
ed

lo
w
er

p
lasm

a
carn

itin
e
co

n
cen

tratio
n
s
in

vegetarian
s
th
an

in
o
m
n
ivo

res
(1
5
–
1
8
),

w
h
ich

is
in

co
n
trast

to
o
u
r
p
resen

t
d
ata.

H
o
w
ever,

th
is

is
p
ro
b
ab

ly
exp

lain
ed

b
y

d
ifferen

ce
in

th
e

d
u
ratio

n
o
f
vege-

tarian
ism

(1·5
–20

years
v.

6
m
o
n
th
s
th
e
p
resen

t
stu

d
y).

It
is

h
yp

o
th
esised

th
at

ren
al

co
n
servatio

n
m
ech

an
ism

s
an

d
th
u
s

h
igh

er
carn

itin
e

reab
so
rp
tio

n
m
ay

o
ccu

r
in

vegetarian
s

to
co

m
p
en

sate
fo
r
th
e

lo
w
er

carn
itin

e
co

n
cen

tratio
n
s
o
b
tain

ed
fro

m
th
e
d
iet,

th
ereb

y
keep

in
g
p
lasm

a
carn

itin
e
co

n
cen

tratio
n
s

w
ith

in
a

relatively
n
o
rm

al
ran

ge
(1
7
,4
3
).

Fu
rth

erm
o
re,

so
m
e

in
co

n
sisten

cy
exists

also
regard

in
g
m
u
scle

carn
itin

e
co

n
ten

t,
as

N
o
vako

va
et

a
l. (1

5
)
d
id

n
o
t
fi
n
d

a
lo
w
er

m
u
scle

co
n
ten

t
in

vegetarian
s

co
m
p
ared

w
ith

o
m
n
ivo

res,
w
h
ereas

Step
h
en

s
et

a
l. (1

8
)
rep

o
rted

a
17

%
d
ifferen

ce.
H
o
w
ever,

it
sh
o
u
ld

b
e

n
o
ted

th
at

th
e

stu
d
y

o
f
N
o
vako

va
et

a
l. (1

5
)
in
clu

d
ed

o
n
ly

m
ale

vegetarian
s
w
h
o
co

n
su
m
ed

a
vegetarian

d
iet

fo
r
at

least
1·5

years,w
h
ereas

th
e
stu

d
y
o
f
Step

h
en

s
eta

l. (1
8
)in

clu
d
ed

b
o
th

m
ale

an
d

fem
ale

su
b
jects

w
h
o

are
vegetarian

s
fo
r
11

years
o
n
average.

It
can

b
e
co

n
clu

d
ed

th
at

seaso
n
al

variatio
n
m
ay

h
ave

a
greater

im
p
act

o
n

b
o
d
y
carn

itin
e
h
o
m
eo

stasis
th
an

a
ch

an
ge

to
vegetarian

d
ietary

h
ab

its
in

th
e
sh
o
rt-term

;
h
o
w
ever,

lo
n
g-lastin

g
vegetarian

ism
(>

1·5
years)

is
likely

to
h
ave

a
b
igger

im
p
act.

G
iven

thatβ-alan
ine

is
the

rate-lim
itin

g
p
recurso

r
for

carno
sine

syn
th
esis

in
hu

m
an

m
uscle

cells
and

vegetarian
d
iets

are
free

of
β-alan

ine
and

carnosin
e

(inclu
ding

its
m
ethylated

varian
ts

anserin
e
and

b
alenine),

it
is

som
ew

hat
surp

risin
g
that

m
uscle

carno
sine

con
tent

w
as

u
naltered

after
a

6-m
o
nth

vegetarian
d
iet

in
p
reviou

sly
o
m
nivorou

s
sub

jects.
T
his

suggests
that

m
ainten

an
ce

of
carnosin

e
h
om

eo
stasis

d
oes

n
ot

d
ep

en
d
o
n
the

n
utrition

al
sup

p
ly

o
f
β-alan

in
e.

T
hu

s,
en

dogen
ous

β-alan
ine

syn
th
esis

can
p
rob

ab
ly

entirely
com

p
en

sate
fo
r
the

absence
of

d
ietary

β-alanine
and

thereby
m
aintain

b
ody

h
om

eo
stasis,atleast

d
urin

g
the

1st
m
onths

o
f

vegetarianism
.

C
urren

t
find

in
gs

o
n

m
uscle

carno
sine

conten
t
are

som
ew

hat
in

con
trast

w
ith

cro
ss-section

ald
ata

o
n
lon

g-term
vegetarians

(>
7years)

rep
orted

in
the

stu
dy

o
f
E
veraertet

a
l. (2

0)and
p
relim

in
ary

rep
orto

f
H
arris

et
a
l. (2

1).
H
ow

ever,
it

sho
uld

be
n
oted

that
in

the
stud

y
of

E
veraerteta

l. (2
0),althou

gh
the

low
er

m
uscle

carno
sine

conten
tin

vegetarians
(n

12)
v.

om
nivo

res
(n

38)
reached

significan
ce

in
the

gastrocnem
iu
s,

this
w
as

no
t
the

case
fo
r
soleu

s
and

tib
ialis

anterio
r
m
uscles.

Furtherm
ore,

the
rep

ort
of

H
arris

et
a
l. (2

1)

inclu
ded

o
nly

six
vegetarians

and
w
as

n
otsex-

and
age-m

atch
ed

(w
h
ich

is
im

p
ortant

fo
r
carnosin

e
(2
8)).

Interestingly,
low

dose
of

β-alanine
sup

p
lem

entation
(0·8

g/d)
for

3
m
onths

in
vegetarians

significantly
increased

p
lasm

a
β-alanine

and
m
uscle

carnosine
contentby

20
–30

%
.K

now
ing

that
the

average
daily

intake
of

β-alanine
from

an
om

nivore
W
estern

diethas
been

calculated
to

am
ountto

app
roxim

ately
330

m
g/d

(20),
the

daily
intake

of
an

additional
ap

p
roxim

ately
500

m
g/d,

w
hich

corresp
onds

to
a
total

ingested
dose

of
ap

p
roxim

ately
46

g
in

3
m
onths,is

resp
onsible

for
this

increase.B
ecause

of
the

increase
in

carnosine
above

baseline
concentration

w
ith

this
initial

dose
(0·8

g/d),
β-alanine

dose
w
as

reduced
to

0·4
g/d

during
the

last
3
m
onths

of
the

study.T
his

dose
did

not
further

enhance
p
lasm

a
β-alanine

and
m
uscle

carnosine
concentrations,

neither
did

it
restore

these
concentrations

to
baseline,suggesting

that
this

dose
w
as

still
higher

than
the

norm
al

dietary
β-alanine

intake
of

these
subjects.H

ow
ever,in

contrastto
p
revious

research
(27),no

effectof
β-alanine

sup
p
lem

entation
w
as

found
on

T
T
E
of

the
increm

ental
cycling

test.
T
his

is
m
ost

likely
ow

ing
to

the
different

dosing
strategy

of
β-alanine

(up
to

6·4
g/d

(27)v.0·8
and

0·4
g/d

in
current

study)
and

consequently
different

effects
on

m
uscle

carnosine.
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).
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e
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rigin

alvalu
e,w
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o
b
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in
th
e
vegetarian

su
b
jects,p

ro
vin

g
th
atth

ey
co

m
p
lied

w
ith

th
e
vegetarian

in
terven

tio
n
.A

lim
itatio

n
o
f
th
e
cu

rren
tstu

d
y
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atd

ata
o
f
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e
m
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scle

b
io
p
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at6M
are

m
issin

g,m
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g
it
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p
o
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le
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d
raw
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n
clu
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n
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o
n
th
e
effect

o
f
a

6-m
o
n
th

vegetarian
d
iet

o
n

in
tram

u
scu

lar
creatin

e
an

d
carn

itin
e
co

n
cen

tratio
n
s.

Itcan
b
e
con

cluded
thatchangin

g
to

a
vegetarian

dietred
uces

the
b
ody

creatin
e
p
oo

l
in

o
m
n
ivorou

s
w
om

en
after

3
m
on

th
s,

w
hich

can
be

avo
id
ed

by
dietary

creatine
sup

p
lem

entatio
n.T

his
p
oints

to
creatin

e
being

a
suitable

sup
p
lem

en
t
for

vegetarian
ath

letes,
esp

ecially
those

p
articip

ating
in

resistance
train

in
g
and

sho
rt-term

,
h
igh-intensity

exercise
p
erfo

rm
an

ce.
C
arnitine

ho
m
eo

stasis
w
as

n
ot

d
isru

p
ted

b
y

sw
itching

to
a

3-m
on

th
vegetarian

d
iet,

and
carno

sine
h
om

eo
stasis

w
as

u
naffected

by
a

6-m
o
nth

vegetarian
d
iet.

T
his

suggests
that

fo
r
carnitine

and
carn

osin
e,

w
hich

h
ave

a
com

p
aratively

low
er

turnover
rate

than
creatin

e,
endo

geno
us

syn
th
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can
m
aintain

h
om

eostasis
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r
at

least
3
to

6
m
on

th
s,
resp

ectively.

A
cknow

ledgem
ents

T
his

stu
dy

w
as

fin
an

cially
sup

p
o
rted

b
y
grants

from
the

R
esearch

Fou
nd

atio
n
–
Fland

ers
(FW

O
G
.0243.11

and
G
.0352.13N

).
T
he

autho
rs’resp

o
nsib

ilities
w
ere

as
follow

s:L.B
.,A

.B
.,T

.B
.,

I.E
.,S.D

.H
.and

W
.D

.d
esigned

the
research

and
fo
rm

ulated
the

research
q
uestio

n;
L.

B
.,
A
.
B
.,
T
.
B
.,
I.
E
.,
A
.
V
.,
M
.
P
.,
C
.
V
.,

S.
D
.
H
.
and

W
.
D
.
con

du
cted

and
sup

ervised
the

stu
dy

inter-
ventio

n;
L.

B
.,
A
.
B
.,
T
.
B
.,
A
.
V
.,
I.
E
.,
J.
D
.,
D
.
C
.-T

.,
P
.
G
.
and

W
.D

.p
erfo

rm
ed

d
ata

analysis
and

statisticalanalysis;L.B
.,A

.B
.,

P.
G
.
and

W
.
D
.
w
ro
te

the
p
ap

er;
and

W
.
D
.
had

p
rim

ary
resp

o
nsibility

fo
r
fin

al
conten

t.
H
e
is
the

guarantor
o
f
this

w
ork,

and
,as

such,had
fullaccess

to
allthe

d
ata

in
the

stu
dy

and
takes

resp
o
nsibility

fo
r
the

integrity
o
f
the

d
ata

and
the

accuracy
of

the
data

analysis.
A
ll

authors
p
ro
vided

intellectual
inp

ut
for

the
m
anu

scrip
t
and

read
and

ap
p
ro
ved

the
fin

al
m
an

uscrip
t.

C
reatin

e
su
p
p
lem

en
ts

w
ere

kin
d
ly

p
ro
vid

ed
b
y

D
r
U
lrike

B
rau

n
fro

m
A
lzC

h
em

(T
ro
stb

erg,
G
erm

an
y)

an
d

β-alan
in
e

su
p
p
lem

en
ts

w
ere

p
ro
vid

ed
b
y
D
r
R
o
ger

H
arris

an
d
D
r
Z
im

in
Liu

fro
m

N
atu

ral
A
ltern

atives
In
tern

atio
n
al

(N
A
I,

San
M
arco

s,
U
SA

).T
h
e
au

th
o
rs

d
eclare

th
atth

ere
are

n
o
co

n
fl
icts

o
f
in
terest.

R
eferences

1.
T
an

tam
an

go
-B
artley

Y
,
Jaceld

o
-Siegl

K
,
Fan

J,
et

a
l.
(2013)

V
egetarian

d
iets

an
d

th
e
in
cid

en
ce

o
f
can

cer
in

a
lo
w
-risk

p
o
p
u
latio

n
.
C
a
n
cer

Epid
em

iol
B
iom

a
rkers

P
rev

2
2
,
286

–294.
2.

M
cE

vo
y

C
T
,
T
em

p
le

N
&

W
o
o
d
sid

e
JV

(2012)
V
egetarian

d
iets,lo

w
-m

eat
d
iets

an
d
h
ealth

:a
review

.P
u
blic

H
ea
lth

N
u
tr

1
5
,
2287

–2294.
3.

O
rlich

M
J,
Sin

gh
P
N
,
Sab

até
J,
et

a
l.
(2013)

V
egetarian

d
ietary

p
attern

s
an

d
m
o
rtality

in
A
d
ven

tist
H
ealth

Stu
d
y

2.
JA
M
A

In
tern

M
ed

1
7
3
,
1230

–1238.
4.

Leitzm
an

n
C
(2005)

V
egetarian

d
iets:w

h
atare

th
e
ad

van
tages?

Foru
m

N
u
tr

5
7
,
147

–156.

5.
G
u
alan

o
B
,

R
aw

so
n

E
S,

C
an

d
o
w

D
G
,

et
a
l.

(2016)
C
reatin

e
su
p
p
lem

en
tatio

n
in

th
e

agin
g

p
o
p
u
latio

n
:
effects

o
n

skeletal
m
u
scle,

b
o
n
e

an
d

b
rain

.
A
m
in
o

A
cid

s
4
8
,

1793
–1805.

6.
Steib

er
A
,K

ern
er

J
&
H
o
p
p
elC

L
(2004)

C
arn

itin
e:a

n
u
tritio

n
al,

b
io
syn

th
etic,

an
d

fu
n
ctio

n
al

p
ersp

ective.
M
ol

A
spects

M
ed

2
5
,
455

–473.
7.

Fritz
IB

&
M
arq

u
is
N
R
(1965)

T
h
e
ro
le

o
f
acylcarn

itin
e
esters

an
d
carn

itin
e
p
alm

ityltran
sferase

in
th
e
tran

sp
o
rt
o
f
fatty

acyl
gro

u
p
s
acro

ss
m
ito

ch
o
n
d
rial

m
em

b
ran

es.
P
roc

N
a
tl
A
ca

d
Sci

U
S
A
5
4
,
1226

–1233.
8.

Seiler
S,

K
o
ves

T
,
G
o
o
d
in
g
J,
et

a
l.
(2015)

C
arn

itin
e
acetyl-

tran
sferase

m
itigates

m
etab

o
lic

in
ertia

an
d

m
u
scle

fatigu
e

d
u
rin

g
exercise.

C
ell

M
eta

b
2
2
,
65
–76.

9.
B
lan

cq
u
aert

L,
E
veraert

I
&

D
erave

W
(2015)

B
eta-alan

in
e

su
p
p
lem

en
tatio

n
,

m
u
scle

carn
o
sin

e
an

d
exercise

p
erfo

r-
m
an

ce.
C
u
rr

O
pin

C
lin

N
u
tr

M
eta

b
C
a
re

1
8
,
63
–70.

10.
H
o
b
so
n

R
M
,
Sau

n
d
ers

B
,
B
all

G
,
et

a
l.

(2012)
E
ffects

o
f

β-alan
in
e
su
p
p
lem

en
tatio

n
o
n
exercise

p
erfo

rm
an

ce:
a
m
eta-

an
alysis.

A
m
in
o
A
cid

s
4
3
,
25
–37.

11.
W
all

B
T
,
Step

h
en

s
FB

,
C
o
n
stan

tin
-T
eo

d
o
siu

D
,
et

a
l.
(2011)

C
h
ro
n
ic

o
ral

in
gestio

n
o
f

L-carn
itin

e
an

d
carb

o
h
yd

rate
in
creases

m
u
scle

carn
itin

e
co

n
ten

t
an

d
alters

m
u
scle

fu
el

m
etab

o
lism

d
u
rin

g
exercise

in
h
u
m
an

s.
J
P
hysiol

J
P
hysiol

J
P
hysiol

5
8
9
4
,
963

–973.
12.

T
w
ycro

ss-Lew
is

R
,
K
ild

u
ff

LP
,
W
an

g
G
,
et

a
l.

(2016)
T
h
e

effects
o
f
creatin

e
su
p
p
lem

en
tatio

n
o
n
th
erm

o
regu

latio
n
an

d
p
h
ysical

(co
gn

itive)
p
erfo

rm
an

ce:
a

review
an

d
fu
tu
re

p
ro
sp
ects.

A
m
in
o
A
cid

s
4
8
,
1843

–1855.
13.

B
o
ld
yrev

A
A
,
A
ld
in
i
G

&
D
erave

W
(2013)

P
h
ysio

lo
gy

an
d

p
ath

o
p
h
ysio

lo
gy

o
f
carn

o
sin

e.
P
hysiol

R
ev

9
3
,
1803

–1845.
14.

P
in
to

C
L,

B
o
telh

o
P
B
,
P
im

en
tel

G
D
,
et

a
l.

(2016)
C
reatin

e
su
p
p
lem

en
tatio

n
an

d
glycem

ic
co

n
tro

l:
a
system

atic
review

.
A
m
in
o
A
cid

s
4
8
,
2103

–2129.
15.

N
o
vako

va
K
,
K
u
m
m
er

O
,
B
o
u
itb

ir
J,

et
a
l.
(2016)

E
ffect

o
f

l-carn
itin

e
su
p
p
lem

en
tatio

n
o
n

th
e

b
o
d
y

carn
itin

e
p
o
o
l,

skeletalm
u
scle

en
ergy

m
etab

o
lism

an
d
p
h
ysical

p
erfo

rm
an

ce
in

m
ale

vegetarian
s.
Eu

r
J
N
u
tr

5
5
,
207

–217.
16.

D
elan

gh
e

J,
D
e

Slyp
ere

J-P
,
D
e

B
u
yzere

M
,
et

a
l.

(1989)
N
o
rm

alreferen
ce

valu
es

fo
r
creatin

e,creatin
in
e,an

d
carn

itin
e

are
lo
w
er

in
vegetarian

s.
C
lin

C
hem

3
5
,
1988

–1989.
17.

Lo
m
b
ard

K
A
,O

lso
n
L,N

elso
n
SE

,eta
l.(1989)

C
arn

itin
e
statu

s
o
f

lacto
o
vo

vegetarian
s

an
d

strict
vegetarian

ad
u
lts

an
d

ch
ild

ren
.
A
m

J
C
lin

N
u
tr

5
0
,
301

–306.
18.

Step
h
en

s
FB

,M
arim

u
th
u
K
,C

h
en

g
Y
,eta

l.(2011)
V
egetarian

s
h
ave

a
red

u
ced

skeletal
m
u
scle

carn
itin

e
tran

sp
o
rt

cap
acity.

A
m

J
C
lin

N
u
tr

9
4
,
938

–944.
19.

B
u
rke

D
G
,
C
h
ilib

eck
P
D
,
P
arise

G
,
et

a
l.

(2003)
E
ffect

o
f

creatin
e
an

d
w
eigh

t
train

in
g
o
n
m
u
scle

creatin
e
an

d
p
erfo

r-
m
an

ce
in

vegetarian
s.
M
ed

Sci
Sports

Exerc
3
5
,
1946

–1955.
20.

E
veraert

I,M
o
o
yaart

A
,
B
agu

et
A
,et

a
l.
(2011)

V
egetarian

ism
,

fem
ale

gen
d
er

an
d
in
creasin

g
age,

b
u
t
n
o
t
C
N
D
P
1
gen

o
typ

e,
are

asso
ciated

w
ith

red
u
ced

m
u
scle

carn
o
sin

e
levels

in
h
u
m
an

s.
A
m
in
o
A
cid

s
4
0
,
1221

–1229.
21.

H
arris

R
C
,Jo

n
es

G
,H

illC
,et

a
l.
(2007)

T
h
e
carn

o
sin

e
co

n
ten

t
o
f
vastu

s
lateralis

in
vegetarian

s
an

d
o
m
n
ivo

res.
FA

SEB
J
2
1
,

A
944.

22.
W
yss

M
&

K
ad

d
u
rah

-D
ao

u
k
R
(2000)

C
reatin

e
an

d
creatin

in
e

m
etab

o
lism

.
P
hysiol

R
ev

8
0
,
1107

–1213.
23.

B
agu

et
A
,
R
eyn

go
u
d
t
H
,
P
o
ttier

A
,
et

a
l.
(2009)

C
arn

o
sin

e
lo
ad

in
g

an
d

w
ash

o
u
t
in

h
u
m
an

skeletal
m
u
scles.

J
A
ppl

P
hysiol

1
0
6
,
837

–842.
24.

Lu
kaszu

k
JM

,
R
o
b
ertso

n
R
J,

A
rch

JE
,
et

a
l.
(2002)

E
ffect

o
f

creatin
e
su
p
p
lem

en
tatio

n
an

d
a
lacto

-o
vo

-vegetarian
d
iet

o
n

m
u
scle

creatin
e
co

n
cen

tratio
n
.
In
t
J
Sport

N
u
tr

Exerc
M
eta

b
1
2
,
336

–348.

V
egetarian

s,
creatin

e,
carn

itin
e
an

d
carn

o
sin

e
769

https://doi.org/10.1017/S000711451800017X Published online by Cambridge University Press

NI British Journal of Nutrition 9 

https://doi.org/10.1017/S000711451800017X


25.
B
agu

et
A
,
E
veraert

I,
D
e
N
aeyer

H
,
et

a
l.
(2011)

E
ffects

o
f

sp
rin

t
train

in
g
co

m
b
in
ed

w
ith

vegetarian
o
r
m
ixed

d
iet

o
n

m
u
scle

carn
o
sin

e
co

n
ten

t
an

d
b
u
fferin

g
cap

acity.
Eu

r
J
A
ppl

P
hysiol

1
1
1
,
2571

–2580.
26.

N
elso

n
A
G
,
D
ay

R
,
G
lickm

an
-W

eiss
E
L,

et
a
l.
(2000)

C
reatin

e
su
p
p
lem

en
tatio

n
alters

th
e

resp
o
n
se

to
a

grad
ed

cycle
ergo

m
eter

test.
Eu

r
J
A
ppl

P
hysiol

8
3
,
89
–94.

27.
Sto

u
t
JR
,
C
ram

er
JT
,
Z
o
eller

R
F,

et
a
l.

(2007)
E
ffects

o
f

b
eta-alan

in
e
su
p
p
lem

en
tatio

n
o
n
th
e
o
n
set

o
f
n
eu

ro
m
u
scu

lar
fatigu

e
an

d
ven

tilato
ry

th
resh

o
ld

in
w
o
m
en

.
A
m
in
o
A
cid

s
3
2
,

381
–386.

28.
B
agu

et
A
,
E
veraert

I,
A
ch

ten
E
,
et

a
l.
(2012)

T
h
e
in
fl
u
en

ce
o
f

sex,
age

an
d
h
eritab

ility
o
n
h
u
m
an

skeletal
m
u
scle

carn
o
sin

e
co

n
ten

t.
A
m
in
o
A
cid

s
4
3
,
13
–20.

29.
K
reid

er
R
B
,
K
alm

an
D
S,

A
n
to
n
io

J,
et

a
l.
(2017)

In
tern

atio
n
al

So
ciety

o
f
Sp

o
rts

N
u
tritio

n
p
o
sitio

n
stan

d
:
safety

an
d
effi

cacy
o
f
creatin

e
su
p
p
lem

en
tatio

n
in

exercise,
sp
o
rt,

an
d
m
ed

icin
e.

J
In
t
Soc

Sports
N
u
tr

1
4
,
18.

30.
D
éco

m
b
az

J,
B
eau

m
o
n
t
M
,
V
u
ich

o
u
d
J,
et

a
l.
(2012)

E
ffect

o
f

slo
w
-release

β-alan
in
e

tab
lets

o
n

ab
so
rp
tio

n
kin

etics
an

d
p
aresth

esia.
A
m
in
o
A
cid

s
4
3
,
67
–76.

31.
G
reen

A
L,

H
u
ltm

an
E
,

M
acd

o
n
ald

IA
,

et
a
l.

(1996)
C
arb

o
h
yd

rate
in
gestio

n
au

gm
en

ts
skeletal

m
u
scle

creatin
e

accu
m
u
latio

n
d
u
rin

g
creatin

e
su
p
p
lem

en
tatio

n
in

h
u
m
an

s.A
m

J
P
hysiol

2
7
1
,
E
821

–E
826.

32.
Stegen

S,
B
lan

cq
u
aert

L,
E
veraert

I,
et

a
l.
(2013)

M
eal

an
d

b
eta-alan

in
e
co

in
gestio

n
en

h
an

ces
m
u
scle

carn
o
sin

e
lo
ad

in
g.

M
ed

Sci
Sports

Exerc
4
5
,
1478

–1485.
33.

C
o
gn

at
S,C

h
eillan

D
,P

irau
d
M
,et

a
l.(2004)

D
eterm

in
atio

n
o
f

gu
an

id
in
o
acetate

an
d
creatin

e
in

u
rin

e
an

d
p
lasm

a
b
y
liq

u
id

ch
ro
m
ato

grap
h
y-tan

d
em

m
ass

sp
ectro

m
etry.

C
lin

C
hem

5
0
,
1459

–1461.
34.

H
arris

R
,
H
ultm

an
E
&

N
ordesjö

L
(1974)

G
lycogen,

glycolytic
interm

ediates
and

high-energy
p
hosp

hates
determ

ined
in

biop
sy

sam
p
les

ofm
usculus

quadricep
s
fem

oris
ofm

an
atrest.M

ethods
and

variance
of

values.
Scan

d
J
C
lin

Lab
In
vest

33
,
109

–120.

35.
C
ed

erb
lad

G
,
C
arlin

JI,
C
o
n
stan

tin
-T
eo

d
o
siu

D
,
et

a
l.
(1990)

R
ad

io
iso

to
p
ic

assays
o
f

C
o
A
SH

an
d

carn
itin

e
an

d
th
eir

acetylated
fo
rm

s
in

h
u
m
an

skeletal
m
u
scle.

A
n
a
l
B
iochem

1
8
5
,
274

–278.
36.

B
agu

et
A
,
B
o
u
rgo

is
J,
V
an

h
ee

L,
et

a
l.
(2010)

Im
p
o
rtan

t
ro
le

o
f
m
u
scle

carn
o
sin

e
in

ro
w
in
g
p
erfo

rm
an

ce.
J
A
ppl

P
hysiol

1
0
9
,
1096

–1101.
37.

B
also

m
P
D
,
Sö

d
erlu

n
d

K
&

E
kb

lo
m

B
(1994)

C
reatin

e
in

h
u
m
an

s
w
ith

sp
ecial

referen
ce

to
creatin

e
su
p
p
lem

en
tatio

n
.

Sport
M
ed

1
8
,
268

–280.
38.

Sh
o
m
rat

A
,
W
ein

stein
Y

&
K
atz

A
(2000)

E
ffect

o
f
creatin

e
feed

in
g

o
n

m
axim

al
exercise

p
erfo

rm
an

ce
in

vegetarian
s.

Eu
r
J
A
ppl

P
hysiol

8
2
,
321

–325.
39.

H
u
ltm

an
E
,
Sö

d
erlu

n
d
K
,
T
im

m
o
n
s
JA
,
et

a
l.
(1996)

M
u
scle

creatin
e
lo
ad

in
g
in

m
en

.
J
A
ppl

P
hysiol

8
1
,
232

–237.
40.

K
rajčo

vičo
vá-K

u
d
láčko

vá
M
,
Šim

o
nčič

R
,
B
éd

ero
vá

A
,
et

a
l.

(2000)
C
o
rrelatio

n
o
f
carn

itin
e

levels
to

m
eth

io
n
in
e

an
d

lysin
e
in
take.

P
hysiol

R
es

4
9
,
399

–402.
41.

D
u
rsu

n
A

(2000)
C
arn

itin
u
ria

in
rickets

d
u
e

to
vitam

in
D

d
e
fi
cien

cy.
Tu

rk
J
P
ed
ia
tr

4
2
,
278

–280.
42.

P
ark

S,K
im

D
S
&
K
an

g
S
(2016)

V
itam

in
D

d
e
fi
cien

cy
im

p
airs

glu
co

se-stim
u
lated

in
su
lin

secretio
n

an
d

in
creases

in
su
lin

resistan
ce

b
y
red

u
cin

g
P
P
A
R
-ɣ

exp
ressio

n
in

n
o
n
o
b
ese

typ
e
2

d
iab

etic
rats.

J
N
u
tr

B
iochem

2
7
,
257

–265.
43.

R
eb

o
u
ch

e
J,

Lo
m
b
ard

A
&

C
h
en

ard
A

(1993)
R
en

al
ad

ap
tatio

n
to

d
ietary

carn
itin

e
in

h
u
m
an

s.
A
m

J
C
lin

N
u
tr

5
8
,
660

–665.
44.

C
ro
ss

A
J,
M
ajo

r
JM

&
Sin

h
a
R
(2011)

U
rin

ary
b
io
m
arkers

o
f

m
eat

co
n
su
m
p
tio

n
.
C
a
n
cer

Epid
em

iol
B
iom

a
rkers

P
rev

2
0
,

1107
–1111.

45.
D
ragsted

LO
(2010)

B
io
m
arkers

o
f
m
eat

in
take

an
d

th
e

ap
p
licatio

n
o
f
n
u
trigen

o
m
ics.

M
ea
t
Sci

8
4
,
301

–307.
46.

A
lto

rf-van
d
er

K
u
il

W
,
B
rin

k
E
J,

B
o
etje

M
,
et

a
l.

(2013)
Id
en

tifi
catio

n
o
f

b
io
m
arkers

fo
r

in
take

o
f

p
ro
tein

fro
m

m
eat,

d
airy

p
ro
d
u
cts

an
d

grain
s:

a
co

n
tro

lled
d
ietary

in
terven

tio
n
stu

d
y.

B
r
J
N
u
tr

1
1
0
,
810

–822.

770
L.

B
lan

cq
u
aert

et
a
l.

https://doi.org/10.1017/S000711451800017X Published online by Cambridge University Press

NI British Journal of Nutrition 9 

https://doi.org/10.1017/S000711451800017X

	Changing to a vegetarian diet reduces the body creatine pool in omnivorous women, but appears not to affect carnitine and carnosine homeostasis: a randomised�trial
	Methods
	Subjects
	Study design
	Supplements
	Incremental cycling test

	Fig. 1Participant flow�chart
	Sample collection
	Quantification of 25-hydroxyvitamin D
	Quantification of plasma and urinary compounds
	Quantification of muscle carnitine and creatine
	Proton magnetic resonance spectroscopy
	Statistics

	Results
	Participants
	Compliance control via urinary biomarkers for meat intake

	Table 1Baseline values of the three experimental groups(Mean values and standard deviations)
	Table 2Urinary concentrations of the meat-intake biomarkers pi-methylhistidine, tau-methylhistidine and anserine for the three experimental groups at baseline (0 months; 0M), 3�months (3M) and 6�months (6M) analysed by a repeated-measures ANOVA(Mean value
	Creatine moieties
	Carnitine moieties
	Serum 25-hydroxyvitamin D

	Fig. 2Effect of an omnivorous diet (control), a vegetarian diet (Veg�&#x002B;�Pla) and a vegetarian diet combined with creatine and &#x03B2;-alanine supplements (Veg�&#x002B;�Suppl) on (a) plasma creatine, (b) plasma creatinine, (c) plasma guanidinoacetat
	Fig. 3Effect of an omnivorous diet (control), a vegetarian diet (Veg�&#x002B;�Pla) and a vegetarian diet combined with creatine and &#x03B2;-alanine supplements (Veg�&#x002B;�Suppl) on muscle total creatine content analysed by a repeated-measures ANCOVA. 
	Carnosine availability

	Fig. 4Effect of an omnivorous diet (control), a vegetarian diet (Veg�&#x002B;�Pla) and a vegetarian diet combined with creatine and &#x03B2;-alanine supplements (Veg�&#x002B;�Suppl) on (a) plasma carnitine, (b) plasma acetylcarnitine and (c) plasma total 
	Fig. 5Effect of an omnivorous diet (control), a vegetarian diet (Veg�&#x002B;�Pla) and a vegetarian diet combined with creatine and &#x03B2;-alanine supplements (Veg�&#x002B;�Suppl) on (a) muscle carnitine, (b) muscle acetylcarnitine (c) and muscle total 
	Incremental cycling test
	Dietary registration

	Discussion
	Fig. 6Effect of an omnivorous diet (control), a vegetarian diet (Veg�&#x002B;�Pla) and a vegetarian diet combined with creatine and &#x03B2;-alanine supplements (Veg�&#x002B;�Suppl) on (a) serum 25-hydroxyvitamin D concentrations analysed by a repeated-me
	Fig. 7Effect of an omnivorous diet (control), a vegetarian diet (Veg�&#x002B;�Pla) and a vegetarian diet combined with creatine and &#x03B2;-alanine supplements (Veg�&#x002B;�Suppl) on (a) plasma &#x03B2;-alanine, (b) soleus carnosine and (c) gastrocnemiu
	Table 3VO2max and time to exhaustion (TTE) in an incremental cycling exercise test for the three experimental groups at baseline (0 months; 0M), 3�months (3M) and 6�months (6M) analysed by a repeated-measures ANOVA(Mean values and standard deviations)
	Table 4Capillary lactate and pH at baseline (0 months; 0M), 3�months (3M) and 6�months (6M) at rest and at the end of the incremental cycling test(Mean values and standard deviations)
	Table 5Daily intake of energy content, proteins, carbohydrates and fat through the regular diet both at the start (0 months; 0M) and after 3�months (3M)(Mean values and standard deviations)
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


