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A
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The
effects

oflow
-carbohydrate

(LC
)
diets

on
body

w
eightand

cardiovascular
risk

are
unclear,and

p
revious

studies
have

found
varying

results.O
ur

aim
w
as

to
conducta

m
eta-analysis

ofrandom
ised

controlled
trials

(R
C
T
),assessing

the
effects

ofLC
diets

v.low
-fat(LF)

diets
on

w
eightloss

and
risk

factors
ofC

V
D
.Studies

w
ere

identified
by

searching
M
ED

LIN
E,Em

base
and

C
ochrane

T
rials.Studies

had
to

fulfilthe
follow

ing
criteria:a

R
C
T
;the

LC
dietw

as
de

fined
in

accordance
w
ith

the
A
tkins

diet,or
carbohydrate

intake
of<

20
%

of
totalenergy

intake;tw
enty

subjects
or

m
ore

p
er

group
;the

subjects
w
ere

p
reviously

healthy;and
the

dietary
intervention

had
a
duration

of
6
m
onths

or
longer.R

esults
from

individualstudies
w
ere

p
ooled

as
w
eighted

m
ean

difference
(W

M
D
)
using

a
random

effectm
odel.In

all,eleven
R
C
T
w
ith

1369
p
articip

ants
m
etallthe

seteligibility
criteria.C

om
p
ared

w
ith

particip
ants

on
LF

diets,particip
ants

on
LC

diets
exp

erienced
a
greater

reduction
in

body
w
eight(W

M
D
–2·17

kg;95
%
C
I
–3·36,

–0·99)
and

T
A
G

(W
M
D

–0·26
m
m
ol/l;

95
%

C
I
–0·37,

–0·15),
but

a
greater

increase
in

H
D
L-cholesterol

(W
M
D

0·14
m
m
ol/l;

95
%

C
I
0·09,

0·19)
and

LD
L-cholesterol

(W
M
D
0·16

m
m
ol/l;95

%
C
I
0·003,0·33).T

his
m
eta-analysis

dem
onstrates

op
p
osite

change
in

tw
o
im

p
ortantcardiovascular

risk
factors

on
LC

diets
–

greater
w
eightloss

and
increased

LD
L-cholesterol.O

ur
findings

suggestthatthe
bene

ficialchanges
ofLC

diets
m
ustbe

w
eighed

againstthe
p
ossible

detrim
ental

effects
of

increased
LD

L-cholesterol.

K
ey

w
ords:

L
o
w
-carb

o
h
yd

rate
d
iets:

L
o
w
-fat

d
iets:

W
eig

h
t
lo
ss:

C
ard

io
vascu

lar
risk

facto
rs

A
ccording

to
the

W
orld

H
ealth

O
rganization

(1),w
orldw

ide
obesity

has
alm

ostdoubled
since

the
1980s.G

lobally,35
%
ofp

eople
aged

≥
20

years
w
ere

overw
eight

and
11

%
w
ere

characterised
as

obese
in

2008
(1).

O
verw

eight
and

obesity
in

adults
are

associated
w
ith

C
V
D
,
type

2
diabetes

and
certain

typ
es

of
cancer (1,2).

A
recent

system
ic

analysis
estim

ated
that

3·4
m
illion

deaths
in

2010
w
ere

caused
by

overw
eight

and
obesity

(3).
T
herefore,

dietary
m
easures

that
can

m
ost

effectively
contribute

to
reduce

excess
body

w
eight

and
im

p
rove

p
aram

eters
of

C
V
D

should
be

further
exp

lored.
T
h
e

lo
w
-carb

o
h
yd

rate
(LC

)
d
iet,

in
w
h
ich

carb
o
h
yd

rates
(C
H
O
)
are

rep
laced

b
y
greater

in
take

o
f
fat

an
d
/o
r
p
ro
tein

,
is
a

p
o
p
u
lar

w
eigh

t-lo
ss

o
p
tio

n
co

m
p
ared

w
ith

th
e

co
n
ven

tio
n
al

lo
w
-fat

(LF)
d
iet.

H
o
w
ever,

co
n
cern

s
h
ave

b
een

raised
w
ith

regard
to

th
e

m
acro

n
u
trien

t
sh
ift

w
ith

an
extrem

e
C
H
O

restrictio
n

an
d

th
e
lib

eral
in
takes

o
f
fats,

w
h
ich

m
ay

p
resen

t
d
etrim

en
tal

effects
o
n
C
V
D

risk
facto

rs
(4
,5
).
In
creased

in
take

o
f

fat,
p
articu

larly
SFA

,
h
ave

b
een

asso
ciated

w
ith

an
in
crease

in
LD

L-ch
o
lestero

l,
an

d
th
u
s
in
creased

risk
o
f
C
V
D
(4
,6
,7
),
w
h
ereas

th
e
LF

ap
p
ro
ach

h
as

gen
erally

b
een

su
p
p
o
rted

b
y
stu

d
ies

to

h
ave

ad
van

tageo
u
s

effects
o
n

C
V
D

risk
am

o
n
g

h
igh

-risk
p
atien

ts
(8
,9
).

T
h
e

W
H
O

reco
m
m
en

d
s
lim

itin
g

SFA
in
take

to
<
10

%
o
f
to
tal

en
ergy

in
take,

an
d
o
th
er

co
m
p
eten

t
b
o
d
ies

su
ch

as
th
e
A
m
erican

H
eart

A
sso

ciatio
n
reco

m
m
en

d
restrictin

g
SFA

in
take

to
<
7
%
(4
).H

o
w
ever,th

ese
reco

m
m
en

d
atio

n
s
h
ave

b
een

ch
allen

ged
in

a
m
eta-an

alysis,
w
h
ere

th
e
au

th
o
rs

co
n
clu

d
ed

th
at

th
ere

w
as

n
o
sign

ifi
can

t
evid

en
ce

th
at

SFA
w
as

asso
ciated

w
ith

in
creased

risk
o
f
C
H
D

an
d
C
V
D
(1
0
).

Sup
p
orters

of
the

LC
dietp

ointto
studies

w
here

subjects
on

the
LC

diet
p
roduced

greater
w
eight

loss,
greater

reduction
of

both
total

cholesterol
(T
C
)
and

T
A
G

and
increased

H
D
L-cholesterol

com
p
ared

w
ith

their
LF

diet
counterp

arts
(11,12).

H
ow

ever,
studies

also
show

significant
increase

or
lack

of
reduction

in
LD

L-
cholesterol

after
consum

ing
a

LC
diet (12

–16),
w
hich

p
otentially

could
be

harm
ful,as

LD
L-cholesterolis

an
im

p
ortantrisk

factor
for

C
V
D

m
orbidity

and
m
ortality

(17
–19).

T
herefore,

concern
has

been
raised

w
ith

regard
to

the
use

of
the

LC
diet,esp

ecially
by

p
atients

w
ith

know
n

C
V
D
,

typ
e

2
diabetes,

dyslip
idaem

ia
and/or

hyp
ertension

(20).

*
C
o
rresp

o
n
d
in
g
au

th
o
r:

N
.
M
an

so
o
r,
fax

+
47

22851398,
em

ail
n
.m

au
lan

d
.m

an
so
o
r@

gm
ail.co

m

†
B
o
th

au
th
o
rs

co
n
trib

u
ted

eq
u
ally

to
th
is
w
o
rk.

A
b
b
reviatio

n
s:

C
H
O
,
carb

o
h
yd

rates;
D
B
P
,d

iasto
lic

b
lo
o
d
p
ressu

re;
LC

,lo
w

C
H
O
;
LF,lo

w
fat;R

C
T
,
ran

d
o
m
ised

co
n
tro

lled
trials;SB

P
,
systo

lic
b
lo
o
d
p
ressu

re;
T
C
,
to
tal

ch
o
lestero

l;
W
M
D
,
w
eigh

ted
m
ean

d
ifferen

ce.

B
ritish

Jou
rn
a
l
of

N
u
trition

(2016
),
1
1
5
,
466

–479
d
o
i:10.1017/S0007114515004699

©
T
h
e
A
u
th
o
rs

2015

https://doi.org/10.1017/S0007114515004699 Published online by Cambridge University Press

NI British Journal of Nutrition 9 

@ 

http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114515004699&domain=pdf
https://doi.org/10.1017/S0007114515004699


D
ue

to
the

lack
of

consensus
betw

een
p
revious

m
eta-

analyses
(12,15,21),

authors
have

cautioned
against

m
aking

recom
-

m
endations

for
or

against
the

LC
diet (15,20),

and
thus

the
top

ic
should

be
challenged

and
re-evaluated.T

he
lack

ofconsensus
m
ay

be
caused

by
the

differentinclusion
and

exclusion
criteria

used.For
exam

p
le,

m
any

p
revious

m
eta-analyses

have
allow

ed
a
greater

range
in

term
s
of

C
H
O

intake
am

ong
subjects

in
the

LC
group

s
(ranging

from
20
–30

g/d
up

to
40
–45

%
of

total
energy),

and
in

som
e
studies

all
subjects

in
one

group
suffered

from
typ

e
2

diabetes.In
contrast,the

presentm
eta-analysis

included
adults

w
ith

increased
B
M
I,
w
ho

in
som

e
cases

had
associated

m
etabolic

risk
factors,butw

ere
altogether

regarded
as

healthy.Studies
w
here

one
intervention

group
consisted

solely
of

subjects
w
ith

established
associated

disease
such

as,
but

not
lim

ited
to,typ

e
2
diabetes

and
C
V
D

w
ere

excluded.
Furtherm

ore,
w
e

have
reduced

factors
that

can
contribute

to
variation

by
including

studies
w
ith

m
ore

com
p
arable

baseline
values.

In
the

p
resent

m
eta-analysis,

w
e
aim

ed
to

com
p
are

a
typ

icalLC
dietde

fined
as

a
C
H
O

intake
of

20
–30

g/d
in

the
first

phase
(22)

or
<
20

%
of

total
energy

w
ith

traditionalLF
diets

com
p
osed

of<
30

%
ofenergy

as
fatand

lim
ited

energy
content (23),

as
w
ell

as
determ

ine
the

effects
on

long-term
w
eight

loss
and

several
C
V
D

risk
factors

in
healthy

adults
by

exam
ining

relevant
random

ised
controlled

trials
(RC

T).

M
ethods

M
ethods

and
literature

search

T
h
e
cu

rren
t
m
eta-an

alysis
is

rep
o
rted

in
acco

rd
an

ce
w
ith

th
e

P
referred

R
ep

o
rtin

g
Item

s
fo
r
System

atic
R
eview

s
an

d
M
eta-

A
n
alyses

Statem
en

t (2
4
).
T
h
e
p
ro
to
co

l
fo
r
th
e
m
eta-an

alysis
h
as

b
een

p
u
b
lish

ed
w
ith

th
e
registratio

n
n
u
m
b
er

C
R
D
42015020458

in
th
e
P
R
O
SP

E
R
O

d
atab

ase
an

d
can

b
e
accessed

ath
ttp

://w
w
w
.

crd
.yo

rk.ac.u
k/P

R
O
SP

E
R
O
.

W
e
search

ed
d
atab

ases
su
ch

as
M
E
D
LIN

E
via

O
vid

,E
M
B
A
SE

an
d

C
o
ch

ran
e
Lib

rary
in

T
rials

(C
E
N
T
R
A
L)

fo
r
relevan

t
R
C
T
,

w
ith

th
e

last
search

d
ate

b
ein

g
28

M
ay

2015.
In

ad
d
itio

n
,

referen
ces

fro
m

th
e

retrieved
p
u
b
licatio

n
s
w
ere

th
o
ro
u
gh

ly
review

ed
fo
r
p
o
ten

tially
relevan

t
citatio

n
s
n
o
t
d
etected

b
y
th
e

electro
n
ic
search

.T
h
e
search

term
s
w
ere

related
to

b
o
th

gro
u
p
s

o
f
in
terven

tio
n

(‘lo
w
-carb

o
h
yd

rate
d
iet’

an
d

‘lo
w
-fat

d
iet’)

an
d

p
rim

ary
an

d
seco

n
d
ary

o
u
tco

m
es

(‘w
eigh

t
lo
ss’

o
r

‘card
io
vascu

lar
d
isease

’o
r
‘card

io
vascu

lar
risk

’).
Search

es
w
ere

restricted
to

R
C
T
p
erfo

rm
ed

o
n
h
u
m
an

s,w
h
ich

w
ere

p
u
b
lish

ed
in

E
n
glish

.
N
o
restrictio

n
s
w
ere

im
p
o
sed

o
n
p
u
b
licatio

n
d
ates.

T
h
e

co
m
p
lete

search
strategy

is
availab

le
in

th
e

p
ro
to
co

l
p
u
b
lish

ed
w
ith

th
e
afo

rem
en

tio
n
ed

registratio
n
n
u
m
b
er.

Study
selection

A
s

the
present

m
eta-analysis

aim
ed

to
com

p
are

w
eight

loss
differences

betw
een

tw
o
diet

groups,
only

studies
that

m
et

all
of

the
follow

ing
criteria

w
ere

included:
(1)

the
study

w
as

a
R
C
T
that

com
p
ared

a
group

of
subjects

on
a
LC

diet
w
ith

one
or

m
ore

group
s
on

different
variations

of
a
conventionalLF

diet;(2)
the

LC
diet

w
as

de
fined

through
a
distinct

reference
to

the
A
tkins

diet,
w
ith

an
intake

ofonly
20
–40

g/d
ofC

H
O

in
the

firstphase
or

C
H
O

intake
of

<
20

%
of

total
energy

intake;
(3)

the
dietary

intervention

consisted
of

at
least

tw
enty

subjects/group
in

the
first

analysis
or

after
drop

out;(4)
the

subjects
w
ere

p
reviously

healthy;and
(5)

the
dietary

intervention
had

a
duration

of
6
m
onths

or
longer.

R
C
T

p
erform

ed
solely

on
subjects

classified
as

severely
obese

w
ith

B
M
I≥

35
kg/m

2
w
ere

also
excluded,

as
these

subjects
w
ere

not
characterised

as
p
reviously

healthy.
Likew

ise,
studies

involving
sup

p
lem

entary
m
edical

therap
y
in

addition
to

diet
therap

y
w
ere

excluded.O
ne

investigator
p
erform

ed
the

searches
and

perform
ed

the
screening.

Studies
w
ith

irrelevant
titles

and/or
abstracts

w
ere

excluded,
w
hereas

relevant
studies

w
ere

assessed
in

full
text

and
included

if
they

fulfilled
the

above-m
entioned

criteria.
A
nother

investigator
also

review
ed

the
selected

studies
w
ith

regard
to

w
hether

they
fulfilled

all
criteria.

D
ata

extraction
and

quality
assessm

ent

O
ne

investigator
collected

the
follow

ing
data:

article
title,

p
rim

ary
author’s

nam
e,

year,
country

of
origin,

study
design,

blinding,
dietary

com
p
osition,

dropout
rate,

intention-to-treat
analysis,

characteristics
of

the
study

p
op

ulation
(sam

p
le

size,
age,

sex
and

baseline
levels

ofbody
w
eightand

C
V
D
risk

factors)
and

the
m
ean

changes
in

end
points

from
baseline

to
the

end
of

intervention,
w
ith

m
easures

of
variance.

The
m
ain

end
point

w
as

w
eight

loss
and

secondary
end

p
oints

w
ere

risk
factors

of
C
V
D
,
including

blood
lip

id
levels

(T
A
G
,H

D
L-cholesterol,LD

L-cholesterol),fasting
insulin

and
glucose

concentrations
and

systolic
blood

pressure
(SB

P)
and

diastolic
blood

pressure
(D

B
P).Ifdata

w
ere

lacking,the
authors

w
ere

contacted
to

obtain
additional

inform
ation.

For
studies

that
had

m
ore

than
tw
o

intervention
group

s,
the

m
ost

ap
p
ropriate

one
w
as

chosen.
If
data

w
ere

p
ublished

as
updates,

results
of

the
longest

duration
p
eriods

w
ere

included.
M
eth

o
d
o
lo
gical

q
u
ality

w
as

evalu
ated

b
y
tw

o
au

th
o
rs

u
sin

g
th
e
C
o
ch

ran
e
C
o
llab

o
ratio

n
’s
to
o
l
fo
r
assessin

g
risk

o
f
b
ias

(2
5
)

in
d
icatin

g
th
e
fo
llo

w
in
g
b
ias

catego
ries:

selectio
n
b
ias

(ran
d
o
m

seq
u
en

ce
gen

eratio
n
,
allo

catio
n

co
n
cealm

en
t);

p
erfo

rm
an

ce
b
ias

(b
lin

d
in
g
o
f
p
articip

an
ts
an

d
p
erso

n
n
elan

d
b
lin

d
in
g
o
f
th
e

o
u
tco

m
e

assessm
en

ts);
attritio

n
b
ias

(in
co

m
p
lete

o
u
tco

m
e

d
ata);

rep
o
rtin

g
b
ias

(selective
o
u
tco

m
e
rep

o
rtin

g)
an

d
o
th
er

b
iases.

T
h
e
n
atu

re
o
f
th
e
trials

req
u
ired

an
o
p
en

in
terven

tio
n

w
ith

n
o

b
lin

d
in
g
o
f
th
e
trial

p
articip

an
ts

o
r
th
e
in
vestigato

rs.
A
n
y
d
isagreem

en
t
w
as

reso
lved

b
y
co

n
sen

su
s.

Statistical
analysis

Raw
data

w
ere

first
extracted

from
the

selected
studies.

D
ata

expressed
in
m
g/dlw

ere
converted

into
m
m
ol/lby

m
ultip

lying
w
ith

0·0259
for

cholesteroland
0·0113

for
TA

G
.Insulin

values
in

pm
ol/l

w
ere

converted
to

m
U
/lby

m
ultiplying

w
ith

6·0.W
hen

only
C
I
for

the
m
eans

w
ere

provided,
standard

deviations
w
ere

calculated.
W
hen

it
w
as

not
possible

to
retrieve

adequate
data,

standard
deviations

w
ere

im
puted

from
studies

in
another

m
eta-analysis

(prim
ary

analyses) (26);this
w
as

necessary
for

five
studies

(11,27
–30)for

one
and

upto
m
axim

um
three

variables.Foreach
outcom

e
m
easure

of
interest,a

m
eta-analysis

w
as

perform
ed

to
determ

ine
the

pooled
effect

of
the

intervention
in

term
s
of

w
eighted

m
ean

difference
(W

M
D
)
from

baseline
to

end
of

trialcom
paring

LC
w
ith

LF
groups.

Sum
m
ary

W
M
D

w
ith

95
%

C
I
for

the
outcom

e
m
easures

w
ere

calculated
using

a
random

effect
m
odel (31).
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T
o

evaluate
the

in
fluence

of
m
issing

data
on

the
sum

m
ary

estim
ate

and
the

m
ethod

used
to

calculate
m
issing

data,sensitivity
analyses

w
ere

carried
out

by
rem

oving
studies

not
rep

orting
standard

deviation
for

m
ean

differences.
H
eterogeneity

betw
een

studies
w
as

tested
using

the
Q

test (32).
T
he

I 2
index

w
as

used
to

quantify
the

extentofheterogeneity,w
ith

I 2
values

>
50

and
>
75

%
being

indicative
ofm

oderate
and

high
heterogeneity,resp

ectively.
T
o

further
exp

lore
heterogeneity,

w
e

conducted
sensitivity

analyses
to

exam
ine

the
in
fluence

ofindividualstudies
by

om
itting

one
study

at
a

tim
e.

In
addition,

subgroup
analyses

w
ere

p
erform

ed
on

studies
sharing

certain
m
ethodologicalfeatures

such
as

duration
>
12

m
onths,

low
risk

of
bias,

both
m
en

and
w
om

en,
intention-to-treat

analyses
and

subjects
w
ith

obesity-associated
m
etabolic

risk
factors

or
disorders.

Publication
bias

w
as

evaluated
using

funnel
plots

and
Egger’s

regression
test

for
each

outcom
e
(33).

Furtherm
ore,

w
hen

Egger’s
regression

tests
or

funnelp
lots

indicated
publication

bias,w
e
used

the
trim

-and-fillm
ethod

to
identify

w
hether

funnelplotasym
m
etry

should
be

corrected.
A
ll
the

statistical
analyses

w
ere

carried
out

using
Stata,

version
13.1

softw
are

(StataC
orp

LP).

R
esults

Literature
search

The
flow

and
selection

of
studies

from
our

search
strategy

are
sum

m
arised

in
Fig.

1.
O
ur

searches
w
arranted

740
potentially

relevant
records,

of
w
hich

362
records

rem
ained

after
dup

licates
had

been
rem

oved.
A
fter

screening,
forty-tw

o
records

rem
ained

and
w
ere

retrieved
in

full
text,

in
order

to
be

evaluated
in

accordance
w
ith

the
set

inclusion
and

exclusion
criteria.

O
f
the

forty-tw
o
records,

thirty-one
records

w
ere

excluded
as

they
failed

to
satisfy

the
setinclusion

criteria.In
addition,the

references
ofthe

selected
records

w
ere

review
ed

in
an

attem
p
t
to

p
otentially

find
other

relevantrecords,butnone
w
as

found.T
hus,a

totalofeleven
R
C
T
w
ere

included
in

the
final

m
eta-analysis.

Study
and

subject
characteristics

T
he

characteristics
ofthe

eleven
studies

are
sum

m
arised

in
Table

1.
A
llstudies

w
ere

parallelgroup
R
C
T
,butnone

w
as

blinded
because

of
the

nature
of

the
studies

involving
dietintervention.Intervention

durations
ranged

from
6
to

24
m
onths,w

ith
eightofthem

lasting
for

12
m
onths

orlonger (27,28,34
–39).The

dietcom
position

goalforthe
LC

diets
w
as

intake
of

20
–40

g/d
C
H
O

in
the

first
period

w
ith

gradual
increases

or
C
H
O

intake
of

<
20

%
of

total
energy

intake.
T
he

dietary
goal

for
the

LF
diets

w
as

<
30

%
of

total
energy

as
fat.

Furtherm
ore,

subjects
on

the
LF

diet
w
ere

im
posed

a
energy

restriction,
w
hereas

subjects
on

the
LC

diet
w
ere

m
ostly

on
an

ad
libitu

m
diet,exceptin

tw
o
studies

w
here

the
LF

and
LC

groups
w
ere

isoenergetic
(14,39).

H
ow

ever,
in

som
e
of

the
studies,

subjects
on

ad
libitu

m
LC

diets
also

dem
onstrated

a
decrease

in
their

energy
intake,

sim
ilar

to
subjects

on
the

LF
diet,

although
this

w
as

not
required

or
encouraged

at
the

outset (11,27,29,30,38).
M
ost

studies
offered

group
or

individual
sessions

of
dietary

and
supportive

counselling,
w
hereas

one
study

had
a
self-help

form
at

w
ith

little
contactw

ith
p
rofessionals

(28).In
order

to
record

and
assure

dietary
adherence,

subjects
w
ere

encouraged
to

m
aintain

dietary
journals,

740 records identified through searching the 
different databases

362 records after duplicates had been 
rem

oved and these w
ere screened

31 records excluded after full text review
because of not satisfying the inclusion criteria:

- N
ot a random

ised controlled trial: 6
-

U
nspecified or too high C

H
O

intake: 11
-

n
<

20: 2
-

D
uration <

6 m
onths: 9

-
S

tudy not perform
ed on healthy

individuals: 1
-

D
uplicate populations: 2

11 studies included in the m
eta-analysis

42 records retrieved for full text review

320 records excluded in the screening
process duet to lack of relevance in title
and/or abstract:

-
N

ot a random
ised controlled trial: 123

-
N

ot an intervention for w
eight loss: 148

-
R

ecords in other languages than
E

nglish: 2
-

S
tudies perform

ed on non-healthy
individuals (i.e. established diabetes):
12

-
N

ot a LC
 v. LF

 diet
intervention: 29

-
S

tudies perform
ed on subjects <

18
years of age: 2

-
R

ecords lacking specification of C
H

O
content in LC

 diet or too high C
H

O
content: 2

-
S

tudies perform
ed on anim

als: 2

F
ig
.
1.

F
low

diagram
of

study
selection

for
the

m
eta-analysis.

C
H
O
,
carbohydrate;

LC
,
low

-C
H
O
;
LF,

low
-fat.

468
N
.
M
an

so
o
r
et

a
l.
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Table 1. Characteristics of eleven randomised controlled trials included in the meta-analysis

First author, year Duration of
Diet composition Drop out (%)

(reference no.) Country intervention (months) LC LF LC LF

Bazzano, 2014(34) USA 12 CHO intake <40 g/d. Ad libitum diet with no set energy goal <30% of total fat intake as fat, and <7%
as SFA. 55% of total energy intake as
CHO. No energy restriction

21 18

Brehm, 2003(11) USA 6 Ad libitum diet with <20 g/d as CHO. After 2 weeks, permission to increase
CHO to 40−60 g/d

55% of total energy as CHO, 15% as
protein and 30% as fat

15 26

Brinkworth,
2009(35)

Australia 12 4% of total energy as CHO, 35% as protein, 61% fat (20% SFA). Restriction of
CHO to <20 g/d the first 2 months and then <40 g/d for the remainder of the
intervention period

30% as fat (8% or 10 g/d as SFA), 46%
as CHO and 24% as protein

40 31

Dansinger,
2005(36)

USA 12 CHO intake <20 g/d, with gradual increase towards 50 g/d 10% of energy from fat, vegetarian diet 48 50

Foster, 2003(28) USA 12 CHO intake <20 g/d for the first 2 weeks, with gradual increase until stable and
desired weight was achieved. Instructed to follow the Atkins diet

60% of total energy as CHO, 20% as fat
and 10% as protein. Energy intake
limited to 5021–6276 kJ
(1200−1500 kcal/d) for women and
6276–7531 kJ (1500−1800 kcal/d) for
men

39 43

Foster, 2010(37) USA 24 <20 g CHO for the first 3 months, thereafter gradual increase in CHO intake
(5 g/d per week). Participants followed guidelines as described in Dr Atkins’
New Diet Revolution

55% of energy from CHO, 30% from fat
and 1% from protein. Energy intake
was limited to 5021–6276 kJ (1200−
1500 kcal/d) for women and 6276–
7531 kJ (1500−1800 kcal/d) for men

42 32

Gardner, 2007(38) USA 12 CHO intake of 20 g/d or less in the induction phase (2−3 months), and ≤50 g/d
or less for the subsequent ongoing weight loss phase

<10% of total energy from fat 12 22

Lim, 2010(39) Australia 15 4% of energy as CHO, 35% as protein and 60% fat (20% SFA). 70% of energy as CHO, 20% protein
and 10% fat (3% SFA)

37 36

Morgan, 2009(29) UK 6 LC diet prescribed as Atkins diet after Dr Atkins’ New Diet Revolution LF diet prescribed after Rosemary
Conely ‘Eat yourself slim’ Diet and
fitness plan-an energy-controlled and
low-fat healthy eating diet and group
exercise class

42 29

Shai, 2008(27) Israel 24 CHO intake limited to 20 g/d for first 2 months, with gradual increase to
maximum 120 g/d. Intake of total energy, protein and fat were not limited

30% fat (10% SFA) and 300mg
cholesterol/d. Restricted energy
intake: 5021 kJ (1500 kcal/d)
for women and 7531 kJ (1800 kcal/d)
for men

22 10

Yancy, 2004(30) USA 6 CHO intake limited to <20 g/d. Increase of 5 g/week until body weight was
maintained

<30% of total energy as fat, <10% SFA
and <300mg cholesterol daily

24 43

CHO, carbohydrates; LC, low-CHO diet; LF, low-fat diet.

Lo
w
-carb

o
h
yd

rate
d
iet

an
d
C
V
D

risk
469

https://doi.org/10.1017/S0007114515004699 Published online by Cambridge University Press

NI British Journal of Nutrition 

https://doi.org/10.1017/S0007114515004699


24
h

recalls
w
ere

m
ade

and
3-,

5-
or

7-d
food

records
w
ere

collected.
A
dherence

decreased
over

tim
e,

but
studies

that
pro-

vided
m
ore

extensive
behavioural

treatm
ent

and
close

follow
-up

had
better

dietary
adherence

than
studies

w
ith

less
follow

-up.
M
ostly,

subjects
w
ere

encouraged
to

m
aintain

a
certain

level
of

physical
activity,

although
none

of
the

studies
p
rovided

records
of

the
subjects’

physical
activity

level.
There

w
as

a
large

variation
in

attrition
rates,w

ith
drop

outranging
from

12
to

50
%
.W

e
collected

data
from

analyses
that

included
only

subjects
w
ho

com
pleted

the
intervention,

except
for

tw
o
studies

that
only

presented
data

from
intention-to-treat

analysis
(30,37).

H
ow

ever,
one

of
the

studies
rep

orted
that

the
results

from
the

intention-to-treat
analysis

did
not

significantly
differ

from
the

results
of

com
p
leters

data
only

(37).
Likew

ise,tw
o
other

studies
provided

data
for

both
intention-to-treat

and
com

pleters
analyses,

and
sim

ilarly
reported

no
significant

differences
at

the
end

of
the

intervention
(28,36).

T
h
e
b
aselin

e
su
b
ject

ch
aracteristics

are
p
resen

ted
in

T
ab

le
2.

A
to
talo

f1369
su
b
jects

(LC
,n

688
an

d
LF,n

681)
w
ere

in
clu

d
ed

in
th
e
eleven

stu
d
ies

th
at

m
et

th
e
eligib

ility
criteria.

M
o
st
o
f
th
e

stu
d
ies

h
ad

a
h
igh

er
p
ro
p
o
rtio

n
o
f
w
o
m
en

th
an

m
en

,
an

d
tw

o
stu

d
ies

in
clu

d
ed

o
n
ly

w
o
m
en

.
T
h
e
m
ean

age
o
f
p
articip

an
ts

varied
b
etw

een
40

an
d
52

years.
R
ep

o
rted

m
ean

B
M
I
an

d
b
aselin

e
levels

o
fcard

io
vascu

lar
risk

facto
rs

(T
A
G
,
H
D
L-ch

o
lestero

l,
LD

L-ch
o
lestero

l,
T
C
,
SB

P
,
D
B
P
,

glu
co

se
an

d
in
su
lin

)
varied

am
o
n
g
stu

d
ies

b
u
t
w
ere

sim
ilar

in
th
e
LC

an
d
LF

gro
u
p
s
in

each
stu

d
y.

Q
uality

assessm
ent:

risk
of

bias

Results
from

the
quality

assessm
entare

provided
in

T
able

3.Som
e

studies
did

not
report

on
the

sequence
generation

used,and
m
ost

studies
did

not
rep

ort
on

allocation
concealm

ent.
B
linding

w
as

im
possible.O

ne
study

w
as

considered
to

have
high

risk
in

term
s
of

incom
p
lete

outcom
e
data.

N
o
evidence

of
selective

rep
orting

w
as

found
in

any
of

the
studies.

O
f
the

eleven
studies,

one
study

received
an

overall
score

of
‘high

’in
term

s
of

risk
of

bias.

M
eta-analyses

T
he

results
from

the
prim

ary
m
eta-analyses

are
p
resented

in
Fig.2

and
online

Sup
p
lem

entary
T
able

S1.
T
he

W
M
D

com
p
aring

the
LC

v.
LF

diets
w
as

significant
for

body
w
eight

(W
M
D
=
–2·17

kg;
95

%
C
I
–3·36,

–0·99)
and

T
A
G

(W
M
D
=
–0·26

m
m
ol/l;

95
%

C
I

–0·37,
–0·15).

Furtherm
ore,

subjects
on

the
LC

diets
experienced

a
significantly

greater
increase

in
both

H
D
L-cholesterol

(W
M
D
=
0·14

m
m
ol/l;

95
%

C
I
0·09,

0·19)
and

LD
L-cholesterol

(W
M
D
=
0·16

m
m
ol/l;95

%
C
I
0·003,0·33)

com
p
ared

w
ith

subjects
on

LF
diets.O

nly
four

studies
provided

data
on

T
C
,w

hich
show

ed
no

significant
difference

betw
een

the
groups.

Sim
ilarly,

W
M
D

for
SB

P,D
B
P
and

glucose
and

insulin
concentrations

betw
een

the
LC

v.
LF

group
s
w
ere

not
significant.

W
e
im

p
uted

standard
deviation

calculated
from

studies
in

our
m
eta-analysis,

w
hich

p
roduced

sim
ilar

results
to

the
p
rim

ary
analyses

w
ith

standard
deviation

im
p
uted

from
another

m
eta-analysis

(12).
Likew

ise,
excluding

all
studies

not
rep

orting
standard

deviation
for

m
ean

differences
or

those
w
ith

im
p
uted

standard
deviation

from
another

m
eta-analysis

show
ed

sim
ilar

results,
excep

t
non-significant

results
for

LD
L-

cholesterol
due

to
few

er
studies

being
included

in
the

analyses.

M
oderate-to-high

heterogeneity
w
as

observed
for

all
variables,

w
ith

I 2
values

ranging
from

63
to

92
%

(Fig.
2

and
online

Sup
p
lem

entary
T
able

S1).
W
e

carried
out

sensitivity
analyses

to
identify

p
ossible

studies
exp

laining
the

heterogeneity.
T
he

exclusion
ofeach

study
one

ata
tim

e
did

notsignificantly
alter

the
results

or
the

heterogeneity
for

body
w
eightand

insulin.H
ow

ever,
for

T
A
G
,
the

heterogeneity
drop

p
ed

considerably
w
hen

w
e

excluded
the

study
by

Foster
et

al. (37)
(I 2=

30·2;
P
=
0·17)

or
B
rinkw

orth
et

al. (35)
(I 2=

40·8;
P
=
0·09),

but
did

not
change

the
W
M
D
.
For

T
C
,
H
D
L-cholesterol,

LD
L-cholesterol

and
D
B
P,

the
heterogeneity

decreased
w
hen

the
study

by
B
rinkw

orth
et

al. (35)

w
as

excluded
(I 2=

35·1;
P
>
0·10

for
all),

but
W
M
D

did
not

change.
T
he

study
by

G
ardner

et
al. (38)

w
as

resp
onsible

for
the

heterogeneity
in

the
sensitivity

analysis
for

SB
P,

although
exclusion

of
this

study
did

not
change

the
results.

In
the

subgroup
analysis,

w
e
excluded

studies
w
ith

duration
<
12

m
onths,w

ith
high

or
unclear

risk
of

bias,w
ith

100
%

w
om

en
or

only
p
resenting

intention-to-treat
analyses.

T
he

W
M
D

w
ere

sim
ilar

for
alm

ost
all

variables
(data

not
show

n),
excep

t
for

LD
L-cholesterol,

w
hich

did
not

rem
ain

significantly
different

betw
een

the
LC

and
LF

diets,
p
robably

due
to

reduction
of

included
studies

from
11

to
8
or

9.
In

addition,
body

w
eight

did
notrem

ain
significant,w

hereas
D
B
P
becam

e
significantly

different
betw

een
LC

and
LF

diets
after

excluding
studies

w
ith

unclear
or

high
risk

of
bias

(29,30,35,39).
H
eterogeneity

w
as

reduced
for

T
A
G
,

T
C
,
H
D
L-cholesterol,

LD
L-cholesterol

and
D
B
P

w
hen

studies
w
ith

unclear
or

high
risk

of
bias

w
ere

excluded.
Sim

ilarly,
heterogeneity

w
as

reduced
for

T
A
G
w
hen

studies
only

p
resenting

intention-to-treat
analyses

w
ere

excluded.
In

addition,
heterogeneity

w
as

reduced
for

SB
P

and
glucose

levels
w
hen

studies
w
ith

only
w
om

en
w
ere

excluded.
A
nother

subgroup
analysis

w
as

perform
ed

to
explore

w
hether

studies
including

subjects
w
ith

m
etabolic

risk
factors

or
disorders

w
ere

associated
w
ith

changes
in

W
M
D

and
heterogeneity

for
the

different
variables

(27,30,35,36,39).
W
M
D

w
as

sim
ilar

as
in

the
p
rim

ary
m
eta-analysis

for
body

w
eight

(five
studies),

T
A
G

(five
studies),T

C
(three

studies)
and

H
D
L-cholesterol(five

studies),
w
hereas

W
M
D
for

LD
L-cholesterolturned

outto
be

non-significant
(data

not
show

n).
H
eterogeneity

w
as

no
longer

significant
for

T
A
G
,

SB
P,

D
B
P,

glucose
and

insulin.
In

analyses
that

excluded
studies

including
subjects

w
ith

associated
m
etabolic

disorders
(11,28,29,34,37,38),

the
W
M
D

w
as

sim
ilar

as
in

the
p
rim

ary
m
eta-analysis

for
body

w
eight

(six
studies),

T
A
G

(six
studies),

TC
(one

study),
H
D
L-cholesterol

(six
studies)

and
LD

L-cholesterol
(six

studies).
T
he

heterogeneity
w
as

reduced
for

T
A
G
,
H
D
L-

cholesterol
and

LD
L-cholesterol.

W
e
exp

lo
red

th
e
p
o
ssib

ility
o
f
p
u
b
licatio

n
b
ias

b
y
p
lo
ttin

g
m
ean

d
ifferen

ces
again

st
stan

d
ard

erro
rs

in
b
o
d
y
w
eigh

t
an

d
card

io
vascu

lar
risk

facto
rs

(o
n
lin

e
Su

p
p
lem

en
tary

Fig.
S1).

U
sin

g
E
gger’s

lin
ear

regressio
n
test,

p
o
ssib

le
p
u
b
licatio

n
b
ias

w
as

d
etected

fo
r
b
o
d
y
w
eigh

t
(P

=
0·03,

eleven
stu

d
ies),

T
C

(P
=
0·03,

fo
u
r

stu
d
ies),

LD
L-ch

o
lestero

l
(P

=
0·03,

eleven
stu

d
ies)

an
d
D
B
P
(P

=
0·05,

eigh
t
stu

d
ies).

V
isu

al
in
sp
ectio

n
o
f

th
e
fu
n
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Table 2. Baseline characteristics of eleven randomised controlled trials included in the meta-analysis*
(Percentages; mean values and standard deviations)

Cardiovascular risk factors

First author, year,

Age
(years)

BMI
(kg/m2)

TAG
(mmol/l)

HDL-cholesterol
(mmol/l)

LDL-cholesterol
(mmol/l)

TC
(mmol/l)

SBP
(mmHg)

DBP
(mmHg)

Glucose
(mmol/l)

Insulin
(mU/l)

(reference no.) Diet No. Women (%) Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Bazzano, 2014(34) LC 75 88 45:8 9:9 35:2 3·8 1·3 0·6 3·8 1·0 3·2 0·9 5·1 1·1 120 12·8 78 9·0 5·2 0·6 17:1 10·7
LF 73 89 47:8 10:4 35:6 4·5 1·4 0·9 3·8 1·0 3·2 1·0 5·3 1·1 125 13·8 79 8·3 5·2 0·5 17:6 9·2

Brehm, 2003(11) LC 22 100 44:2 6·84 33·17 1·83 1:68 0:15 1:34 0:07 3:23 0:14 5:34 0:17 116 3:23 79 2:69 5·51 0:14 16:9 1·8
LF 20 100 43:1 8:6 34·04 1·83 1:23 0:11 1:26 0:06 2:95 0:16 4:78 0:16 115 2:47 75 1:99 5·06 0:12 23:9 2:34

Brinkworth, 2009(35) LC 33 67 51:5 7:7 33:6 0·7 1:67 0:14 1:45 0:05 3·2 0·1 5·4 0·2 132:7 2·3 72:3 1·8 5·7 0·1 7:9 0·6
LF 36 61 51:4 6:5 33:7 0·7 1:80 0:14 1:36 0:06 3·2 0·1 5·5 0·1 135:2 2·1 77:1 1·8 5·6 0·1 9:8 0·6

Dansinger, 2005(36) LC 40 53 47 12:0 35 3·5 1·7 1:11 1:24 0:41 3:52 0:80 5:53 0:80 129 17 77 9 7·06 4:44 22 16
LF 40 43 49:0 12:0 35 3·9 1:96 1:47 1:16 0:05 3:52 0:89 5:53 0:88 133 17 76 9 6·72 3:06 30 18

Foster, 2003(28) LC 33 64 44:0 9:4 33:9 3·8 1:48 1:28 1:21 0:29 3:35 0:78 5:19 0:87 120:5 11·0 74:6 8·5
LF 30 73 44:2 7:0 34:4 3·1 1:38 0:93 1:28 0:32 3:10 0:78 5:02 0:83 123:3 14·1 77:6 10·8

Foster, 2010(37) LC 153 67 46:2 9:2 36:1 3·59 1:28 0:62 1:20 0:35 3:11 0:67 4:88 0:78 124:3 14·1 73:9 9·4
LF 154 68 44:9 10:2 36:1 3·46 1:40 0:83 1:18 0:30 3:21 0:76 4:98 0:85 124:6 15·8 76:0 9·7

Gardner, 2007(38) LC 77 100 42 5:0 32 4 1:41 0:88 1:37 0:36 2:82 0:75 118 11 75 8 5·11 0:50 10 7
LF 76 100 42 6:0 32 3 1:33 0:70 1:29 0:28 2:87 0:70 116 10 75 8 5·12 0:72 10 8

Lim, 2010(39) LC 30 80 48:3 7:6 32:3 3·1 1·8 1·0 1·3 0·3 3·1 1·7 5·9 1·0 120:8 15·1 77:2 13 5·4 0·6 10:9 5·8
LF 30 80 48:6 11:3 30:5 9·5 1·6 0·6 1·4 0·4 2·7 1·9 5·7 1·2 129:4 12 76:4 9·6 5·3 0·6 8:4 3·7

Morgan, 2008(29) LC 57 74 40:9 9:7 31:9 2·2 1:65 0:70 1:22 0:23 3:72 0:52 135:0 15·1 83:0 10·7 5·59 0:56 12:2 5:85
LF 58 72 40:6 10:3 31:6 2·6 1:59 0:83 1:22 0:30 3:59 0:67 130:0 14·8 82:0 10·3 5·66 0:66 12:6 7:95

Shai, 2008(27) LC 109 9 52:0 7:0 30:8 3·5 2:05 1:32 0:97 0:22 3:03 0:89 130:8 15·1 79:4 9·1 5·14 1:58 14:1 10·2
LF 104 14 51:0 7:0 30:6 2·2 1:77 0·7 1:00 0:25 3:03 0:92 129:6 13·2 79:1 9·1 4·83 1:44 13:3 6·8

Yancy, 2004(30) LC 59 75 44:2 10:1 34:6 4·9 1:78 1:20 1:43 0:39 4:07 0:80 6:32 0:91 132 16 82 8
LF 60 78 45:6 9:0 34:0 5·2 2:15 1:20 1:40 0:39 3:83 0:70 6:20 0:91 133 16 82 9

TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; LC, low-carbohydrate diet; LF, low-fat diet.
* To convert from SI units: multiply TC, LDL-cholesterol and HDL-cholesterol (mg/dl) × 0·0259=mmol/l; multiply TAG (mg/dl) × 0·01129=mmol/l.
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p
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