
Review – Systematic with Meta-Analysis

Effects of high-protein diets on body weight, glycaemic control,
blood lipids and blood pressure in type 2 diabetes: meta-analysis
of randomised controlled trials

Jia-Yi Dong1, Zeng-Li Zhang2, Pei-Yu Wang3 and Li-Qiang Qin1*
1Department of Nutrition and Food Hygiene, School of Public Health, Medical College of Soochow University,

199 Renai Road, Dushu Lake Higher Education Town, Suzhou 215123, People’s Republic of China
2Department of Labor Hygiene and Environmental Health, School of Public Health,

Medical College of Soochow University, Suzhou, People’s Republic of China
3Department of Social Medicine and Health Education, School of Public Health, Peking University,

Beijing, People’s Republic of China

(Submitted 14 December 2012 – Final revision received 29 May 2013 – Accepted 30 May 2013 – First published online 5 July 2013)

Abstract

High-protein diets are popular for weight management, but the health effects of such diets in diabetic persons are inconclusive. The aim of

the present meta-analysis was to examine the effects of high-protein diets on body weight and metabolic risk factors in patients with type 2

diabetes. We searched the PubMed and Cochrane Library databases for relevant randomised trials up to August 2012. Either a fixed- or a

random-effects model was used to combine the net changes in each outcome from baseline to the end of the intervention. Overall, nine

trials including a total of 418 diabetic patients met our inclusion criteria. The study duration ranged from 4 to 24 weeks. The actual intake of

dietary protein ranged from 25 to 32 % of total energy in the intervention groups and from 15 to 20 % in the control groups. Compared with

the control diets, high-protein diets resulted in more weight loss (pooled mean difference: 22·08, 95 % CI 23·25, 20·90 kg). High-protein

diets significantly decreased glycated Hb A1C (HbA1C) levels by 0·52 (95 % CI 20·90, 20·14) %, but did not affect the fasting blood glucose

levels. There were no differences in lipid profiles. The pooled net changes in systolic and diastolic blood pressure were 23·13 (95 % CI

26·58, 0·32) mmHg and 21·86 (95 % CI 24·26, 0·56) mmHg, respectively. However, two studies reported a large influence on weight loss

and HbA1C levels, respectively. In summary, high-protein diets (within 6 months) may have some beneficial effects on weight loss, HbA1C

levels and blood pressure in patients with type 2 diabetes. However, further investigations are still required to draw a conclusion.
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Type 2 diabetes significantly increases the risk of vascular

diseases(1) and mortality in some cancers(2) and has become

a huge public health burden worldwide(3). The American

Diabetes Association(4) has reported that lifestyle changes

including moderate weight loss and regular physical activity,

with dietary strategies such as limiting fat and energy intake,

can contribute to the prevention and control of diabetes.

High-protein diets have been proposed to promote weight

loss and have been one of the most popular weight loss

strategies(5). These are attractive as weight loss is associated

with a reduced risk of developing diabetes and may reduce car-

diovascular morbidity and mortality(6). High-protein diets,

compared with high-carbohydrate or high-fat diets, provide a

higher level of satiety for a longer period of time, which

could lead to long-term reduced energy intake(7,8). On the

other hand, increased protein intake, usually accompanied

with increased fat intake, raises the concern for the potential

harm on blood lipid levels and cardiovascular risk(9). During

recent years, a number of randomised trials that have investi-

gated the health effects of high-protein diets have been

published. A further two previous systematic reviews and

meta-analyses have demonstrated that high-protein diets have

small but significant beneficial effects on body weight and

some cardiovascular risk factors in general populations(10,11).
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However, the health effects of high-protein diets in type 2

diabetes are inconclusive. Individual trials conducted among

diabetic patients usually have small sample sizes and provide

insufficient evidence to draw conclusions(12–20). The aim of

the present meta-analysis was, therefore, to examine the

effects of high-protein diets on body weight and metabolic

risk factors in patients with type 2 diabetes.

Methods

Data sources

We followed the Cochrane Handbook for Systematic Reviews

of Interventions version 5.1.0 (updated March 2011) for the

planning and conduct of the present meta-analysis(21). The

reporting followed the Preferred Reporting Items for Systema-

tic Reviews and Meta-Analyses (PRISMA) guidelines(22).

We conducted an electronic search of the PubMed and the

Cochrane Central Register of Controlled Trials (CENTRAL)

databases up to August 2012. Search terms included high-

protein diet, low-carbohydrate diet, dietary protein, dietary

carbohydrate and diabetes. The search was limited to human

clinical trials. Reference lists in the published articles retrieved

from the electronic search were also manually scanned. No

language restriction was imposed.

Study selection

Articles were selected for the pooled analyses based on the

following criteria regarding participants, interventions, com-

parisons, outcomes and study designs: (1) the study was

conducted in adults with type 2 diabetes; (2) the study inter-

vention was a high-protein diet with daily protein intake

.20 % of total energy; (3) the intervention and control

groups had a $5 % difference in dietary protein intake; (4)

the outcomes included net changes in weight loss, glycated

Hb A1C (HbA1C) levels, fasting blood glucose levels, blood

lipids and blood pressure, with their associated standard devi-

ations; (5) the study design was a randomised controlled trial.

Studies that were not randomised, had study duration

,4 weeks, lacked the required data for statistical analysis

and lacked the necessary differences in total protein intake

between groups were excluded. In the case of multiple publi-

cations with duplicate/overlapped data for the same trial, the

article with the more detailed information was selected.

Data extraction and quality assessment

We recoded the following characteristics of each study using

an electronic form: first author’s last name, publication year

and country of origin; study design details (sample size, ran-

domisation, parallel or cross-over, and blinding); actual

intake of dietary macronutrient; intervention duration; net

changes in metabolic risk factors. We also extracted data of

patient characteristics at study baseline, including age, sex,

body weight, BMI, HbA1c levels, fasting blood glucose

levels, lipid profiles and blood pressure. If more than one

time period for follow-up was reported, data from the longest

follow-up time period were recorded. However, in one trial

with 1 year of follow-up(20), data from the intermediate time

period (at 8 weeks) were extracted because the intervention

was changed in the latter period. Study quality was assessed

based on the following items: randomisation; allocation

concealment; blinding; withdrawal; availability of the inten-

tion-to-treat analysis.

Statistical analysis

For parallel trials, the net changes in each outcome in the

intervention and control groups were reported as differences

between mean values before and after treatment. For cross-

over trials, net changes were calculated as differences in

post-treatment values of each group. Standard deviations for

the net changes in each group were obtained. If not reported,

they were derived from the standard errors, CI or P values

using a standard formula(21). If only standard deviations for

the baseline and final values were provided, standard deviations

for the net changes were imputed according to the method of

Follmann et al.(23) using a correlation coefficient (R) of 0·50.

The between-study heterogeneity was tested using the

Cochran Q test at a significance level of P,0·10 and quantified

by the I 2 statistic, which is a quantitative measure of inconsis-

tency across studies(24,25). In the presence of significant

heterogeneity, a random-effects model was used to calculate

the pooled effect size, and a meta-regression analysis was con-

ducted to explore the possible sources of heterogeneity;

otherwise, a fixed-effects model was applied.

Because of the limited number of studies included in the

present meta-analysis (less than ten for most outcomes), a

subgroup analysis was planned, but not performed. To test

Table 1. Characteristics of the included trials

Study Year Location Design
Sample size

(M %)
Duration
(weeks)

Ratio
(carb:pro:fat)*

Protein intake difference
(%)

Parker et al.(12) 2002 Australia P, O 66 (29 %) 12 42:28:28 v. 55:16:27 12
Gannon et al.(13) 2003 USA X, O 12 (83 %) 5 40:30:30 v. 55:15:30 15
Gannon & Nuttall(14) 2004 USA X, O 11 (100 %) 5 20:30:50 v. 55:15:30 15
Daly et al.(16) 2006 UK P, O 102(48 %) 12 34:26:40 v. 46:20:33 6
Sargrad et al.(15) 2005 USA P, O 12 (25 %) 8 43:27:30 v. 51:19:30 8
Westman et al.(17) 2008 USA P, O 84 (21 %) 24 13:28:59 v. 44:20:36 8
Papakonstantinou et al.(18) 2010 Greece X, O 17 (29 %) 4 50:30:20 v. 50:15:35 15
Wycherley et al.(19) 2010 Australia P, O 83 (NA) 16 47:32:18 v. 53:18:22 14
Khoo et al.(20) 2011 Australia P, O 31 (100 %) 8 40:30:30 v. 55:15:30 15

M, male; carb, carbohydrate; pro, protein; P, parallel; O, open label; X, cross-over; NA, not available.
* Actual dietary intake.
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whether any single study had influence on the results, we

conducted a sensitivity analysis by omitting each study and

then reanalysing the remaining ones. Additional sensitivity

analyses were performed to test the influence of different

values of the imputed correlation coefficient R (0·25 and

0·75) on the pooled effect sizes.

Potential publication bias was assessed using the Egger

regression test(26) at a significance level of P,0·10. The ana-

lyses were performed using STATA version 11.0 (StataCorp)

and R project software (www.r-project.org). A P value ,0·05

was considered as statistically significant, except where

otherwise specified.

Results

Literature search

The flow of the literature search is presented in Fig. S1 (avail-

able online). The initial search of the PubMed and CENTRAL

databases identified 1803 records, of which the majority

were excluded based on the title and abstract scan, mainly

because they were reviews and animal studies, enrolled

non-diabetic individuals or used other dietary interventions.

After full-text review of the remaining thirty-six articles,

twenty-seven were excluded because of varied reasons such

as non-randomisation design, study duration ,1 month or

difference in actual protein intake ,5 % (detailed in Table

SI, available online). Finally, nine randomised trials(12–20)

were selected for the final analysis.

Study characteristics

An overview of the included trials addressing the effects of

high-protein diets in type 2 diabetes is given in Table 1. Of

the nine trials published from 2002 to 2011, four were

conducted in the USA, three in Australia and one each in the

UK and Greece. The sample sizes ranged from 11 to 102 partici-

pants, with a sum of 418; four trials(16,17,19,20) reported study

power analysis and estimated required sample size. Study

durations ranged from 4 to 24 weeks, with a median of 12

weeks. All trials were open-label (non-blinded) studies, with

six using a parallel design and the remaining a cross-over

design. The actual intake of dietary protein ranged from 25 to

32 % of total energy in the intervention groups and from 15 to

20 % in the control groups, and the differences between the

two groups within each trial varied from 6 to 15 %. Dietary com-

pliance was determined using daily food records or urine

samples. Several studies(13,18,19) reported good or excellent

compliance with the diets, while others had no judgement.

Allparticipantswereoverweightorobeseadultswithtype2dia-

betes (mean age 46–63·3 years and mean BMI 31–38·6 kg/m2).

Other baseline characteristics of the study participants includ-

ing weight, fasting blood glucose levels, HbA1c levels, lipid

profiles and blood pressure are given in Table 2. Only three

studies(14,15,20) reported the duration of diabetes.

Study qualities of these trials are given in Table SII (avail-

able online). All trials reported random allocation, but a few

of them reported the details of sequence generation and T
a
b
le

2
.

C
h
a
ra

c
te

ri
s
ti
c
s

o
f

p
a
rt

ic
ip

a
n
ts

in
th

e
in

c
lu

d
e
d

tr
ia

ls

A
g
e

(y
e
a
rs

)
W

e
ig

h
t

(k
g
)

B
M

I
(k

g
/m

2
)

F
B

G
(m

m
o
l/
l)

H
b
A

1
C

(%
)

T
A

G
(m

m
o
l/
l)

T
C

(m
m

o
l/
l)

L
D

L
(m

m
o
l/
l)

H
D

L
(m

m
o
l/
l)

S
B

P
(m

m
H

g
)

D
B

P
(m

m
H

g
)

A
u
th

o
r

Y
e
a
r

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n

ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

In
te

rv
e
n
ti
o
n

g
ro

u
p

C
o
n
tr

o
l

g
ro

u
p

P
a
rk

e
r
e
t
a
l.

(1
2
)

2
0
0
2

6
0

·3
6
2

·1
9
7

·7
9
1

·6
3
4

·8
3
3

·2
8
·4

7
·9

6
·4

6
·3

2
·0

2
2

·1
7

5
·1

6
5
·1

6
3
·3

2
3

·2
3

0
·9

3
0
·9

5
1
4
5

·8
1
3
9

·5
8
5

·4
7
9

·1

G
a
n
n
o
n
e
t
a
l.

(1
3
)

2
0
0
3

6
1

9
6

9
6

3
1

3
1

N
A

8
·1

8
·0

N
A

N
A

N
A

N
A

1
3
2

7
4

1
3
2

7
4

G
a
n
n
o
n

&
N

u
t-

ta
ll(1

4
)

2
0
0
4

6
3

·3
9
9

3
1

1
0

9
·6

2
·5

5
2

·9
7

4
·7

5
5
·0

4
2
·6

3
2

·7
1

0
·9

5
0
·9

8
N

A
N

A

D
a
ly

e
t
a
l.

(1
6
)

2
0
0
6

5
8

·2
5
9

·1
1
0
1

·6
1
0
2

·3
3
5

·4
3
6

·7
1
1

·9
1
1

·4
9
·0

9
·1

2
·4

8
2

·5
7

4
·8

5
4
·9

4
N

A
1
·2

0
1
·2

1
1
4
5

·5
1
3
8

·8
7
9

·9
7
9

·0

S
a
rg

ra
d
e
t
a
l.

(1
5
)

2
0
0
5

4
8

4
7

9
4

·9
9
7

·5
3
3

3
6

8
·3

8
·8

7
·6

8
·2

5
·4

0
6

·3
0

4
·6

8
5
·0

7
2
·2

4
2

·8
3

1
·3

5
0
·9

9
1
3
0

1
3
0

8
0

7
7

W
e
s
tm

a
n

e
t
a
l.

(1
7
)

2
0
0
8

5
1

·8
5
1

·8
1
0
5

·5
1
0
6

·3
3
7

·7
3
8

·5
9
·8

9
·2

8
·8

8
·3

2
·3

7
1

·8
8

4
·9

4
4
·9

2
2
·7

3
2

·9
4

1
·1

3
1
·2

5
1
4
4

·4
1
4
0

·8
8
3

·9
8
4

·1

P
a
p
a
k
o
n
s
ta

n
ti
-

n
o
u
e
t
a
l.

(1
8
)

2
0
1
0

4
6

9
2

9
3

3
3

3
4

7
·1

7
·5

6
·4

6
·5

1
·7

0
1

·9
0

5
·6

5
·5

3
·7

3
·5

1
·2

1
·1

1
3
4

1
3
4

8
6

8
0

W
y
c
h
e
rl
e
y
_

1

e
t
a
l.

(1
9
) *

2
0
1
0

5
5

1
0
2

·7
9
7

3
5

·6
3
4

·8
9
·5

9
·2

8
·0

7
·6

2
·0

0
2

·3
0

5
·0

4
·8

2
·7

2
·7

1
·2

1
·2

1
4
1

1
3
7

8
3

7
9

W
y
c
h
e
rl
e
y
_

2

e
t
a
l.

(1
9
) *

2
0
1
0

5
5

1
0
7

·6
1
0
5

·0
3
6

·6
3
4

·9
8
·2

8
·7

6
·8

7
·3

1
·8

0
1

·6
0

4
·7

4
·3

2
·7

2
·4

1
·1

1
·1

1
3
8

1
3
7

7
9

8
1

K
h
o
o
e
t
a
l.

(2
0
)

2
0
1
1

6
2

·3
5
8

·1
1
0
9

·6
1
1
2

·7
3
5

·6
3
5

·1
8
·6

7
·4

N
A

2
·1

8
2

·0
9

N
A

2
·5

0
2

·6
5

1
·2

0
1
·1

7
N

A
N

A

F
B

G
,

fa
s
ti
n
g

b
lo

o
d

g
lu

c
o
s
e
;

H
b
A

1
C
,

g
ly

c
a
te

d
H

b
A

1
C

;
T

C
,

to
ta

l
c
h
o
le

s
te

ro
l;

S
B

P
,

s
y
s
to

lic
b
lo

o
d

p
re

s
s
u
re

;
D

B
P

,
d
ia

s
to

lic
b
lo

o
d

p
re

s
s
u
re

;
N

A
,

n
o
t

a
v
a
ila

b
le

.
*
W

y
c
h
e
rl
e
y
_
1
:

w
it
h
o
u
t

e
x
e
rc

is
e

tr
a
in

in
g
;

W
y
c
h
e
rl
e
y
_
2
:

w
it
h

e
x
e
rc

is
e

tr
a
in

in
g
.

High-protein diets in type 2 diabetes 783

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114513002055  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114513002055


allocation concealment. No trial was blinded. Dropout rates

ranged from 0 to 40 %. Common reasons for dropout included

loss to follow-up, personal issues and dietary non-compliance.

Only one trial(19) analysed data according to an intention-to-

treat principle.

Effects on weight loss

Fig. 1 shows the effects of high-protein diets on weight loss.

The net changes in weight loss between the intervention

and control groups ranged from 24·2 to 4·7 kg among the

nine comparisons, with one trial(16) reporting a significant

result. A meta-analysis of these data comparing high- v. low-

protein diets reported a significant weight loss of 22·08

(95 % CI 23·25, 20·90) kg. There was no evidence of

between-study heterogeneity (P¼0·84 and I 2 ¼ 0 %).

Effects on glycaemic control

Fig. 2 shows the effects of high-protein diets on fasting blood

glucose and HbA1C levels. The meta-analysis showed that

high-protein diets did not affect fasting blood glucose levels

(pooled effect size ¼ 20·10 mmol/l, 95 % CI 20·49,

0·29 mmol/l) but significantly decreased HbA1C levels by

0·52 (95 % CI 20·90, 20·14) %. There was no heterogeneity

for fasting blood glucose levels (P¼0·77 and I 2 ¼ 0 %),

whereas significant heterogeneity was observed for HbA1C

levels (P¼0·02 and I 2 ¼ 57·2 %). A univariate meta-regression

analysis exploring the possible sources of heterogeneity indi-

cated that there was a trend towards greater reductions in

HbA1C levels among individuals with higher HbA1C levels at

baseline (b ¼ 20·34 and P¼0·13).

Effects on lipid profiles

Fig. 3 shows the effects of high-protein diets on lipid profiles.

The pooled treatment effects for TAG, total cholesterol,

HDL-cholesterol and LDL-cholesterol were 20·17 (95 % CI

20·35, 0·02) mmol/l, 20·04 (95 % CI 20·27, 0·19) mmol/l,

0·0 (95 % CI 20·06, 0·05) mmol/l and 0·05 (95 % CI 20·12,

0·22) mmol/l, respectively. No evidence of heterogeneity was

observed for these outcomes (P values ranged from 0·46 to

0·96 and all I 2 ¼ 0 %).

Effects on blood pressure

Fig. 4 shows the effects of high-protein diets on blood press-

ure. The pooled analyses suggested that high-protein diets

borderline significantly reduced both systolic blood pressure

(23·13 mmHg, 95 % CI 26·58, 0·32 mmHg) and diastolic

blood pressure (21·86 mmHg, 95 % CI 24·26, 0·56 mmHg).

There was little evidence of heterogeneity for either outcome

(both P.0·28 and both I 2 , 20 %).

Sensitivity analyses

Omission of one trial during sensitivity analyses, in turn,

suggested that no single study materially influenced fasting

glucose levels, blood lipids or blood pressure. However, two

studies(14,16) reported a large influence on weight loss and

HbA1C levels, respectively. When the study(16) that accounted

Study

Parker et al. (2002)(12)

Gannon & Nuttall (2004)(14)

Daly et al. (2005)(16)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Khoo et al. (2011)(20)
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Fig. 1. Effects of high-protein diets on body weight. WMD, weighted mean difference; Wycherley_1, without exercise training; Wycherley_2, with exercise training.
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for 64 % of total weight was excluded, the pooled net change

in weight loss was increased to 21·09 (95 % CI 23·04, 0·85) kg

and became non-significant. As for HbA1C levels, when the

study that reported the highest baseline HbA1C levels(14) was

excluded, the pooled effect size became smaller but remained

significant (20·30 %, 95 % CI 20·53, 20·09 %). In addition,

when one comparison(19) in which both the intervention

and control groups were in conjunction with exercise training

was excluded, the pooled effect sizes for systolic and diastolic

blood pressure were 25·99 (95 % CI 210·30, 21·68) mmHg

and 23·57 (95 % CI 26·62 20·52) mmHg, respectively.

Additional sensitivity analyses using different values of the

correlation coefficient R (0·25 and 0·75) did not materially

alter the pooled effect sizes. For example, the pooled net

changes in weight loss were 22·22 (95 % CI 23·47,

20·98) kg and 22·06 (95 % CI 23·25, 20·87) kg.

Publication bias

The Egger regression test suggested no evidence of publi-

cation bias for the outcomes of weight loss, fasting blood

glucose levels, HbA1C levels and lipid profiles, but there was

some indication of publication bias for systolic blood

pressure (P¼0·04).

Discussion

To the best of our knowledge, the present study is the first

meta-analysis of randomised controlled trials examining the

health effects of high-protein diets in patients with type 2 dia-

betes. The findings of the present study suggested that a

high-protein diet intervention (within 6 months) may exert

some beneficial effects on weight loss, HbA1C levels and

blood pressure, but has no adverse effects on fasting blood

glucose levels and lipid profiles.

During the past few decades, high-protein diets have

received considerable attention for weight loss. A previous

meta-analysis of thirteen trials among overweight and obese

populations has reported that high-protein/low-carbohydrate

diets resulted in weight loss by 4 kg at 6 months, yet the

weight change decreased to 21 kg at 12 months(10).

Notably, that meta-analysis only included trials with

duration . 6 months and, therefore, had no shared trial with

the present meta-analysis. A more recent meta-analysis

combining data from thirty-eight trials has confirmed the

improvements of body weight brought about by high-protein

diets, although the effect appeared to be small(11). Unfortu-

nately, that study focused on the general population

and excluded trials conducted among diabetic patients.

Study WMD 95 % CI Weight (%)

Fasting blood glucose (mnol/l)

Parker et al. (2002)(12)

Gannon et al. (2003)(13)

Gannon & Nuttall (2004)(14)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Khoo et al. (2011)(20)

Subtotal (I 2 = 0·0 %, P = 0·767)

HbA1C (%)

Parker et al. (2002)(12)

Gannon et al. (2003)(13)

Gannon & Nuttall (2004)(14)

Daly et al. (2006)(16)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Subtotal (I 2 = 57·2 % P = 0·017)

–0·31

0·00

–1·50

1·60

–0·22

0·20

–0·30

0·00

–0·44

–0·10

–0·03

–0·50

–2·20

–0·32

0·30

–1·00

–0·30

–0·70

0·00

–0·52

–5 –2 0 2 5

–1·21, 0·59

–0·83, 0·83

–3·18, 0·18

–1·67, 4·87

–2·13, 1·69

–0·51, 0·91

–2·17, 1·57

–1·38, 1·38

–2·14, 1·26

–0·49, 0·29

–2·11, 2·05

–1·22, 0·22

–3·17, –1·23

–0·74, 0·10

–1·47, 2·07

–2·02, 0·02

–0·70, 0·10

–1·65, 0·25

–0·50, 0·50

–0·90, –0·14

18·79

22·00

5·42

1·42

4·18

30·51

4·36

8·03

5·28

100·00

2·91

12·66

6·27

18·13

3·84

8·66

18·41

9·45

16·66

100·00

Fig. 2. Effects of high-protein diets on fasting blood glucose and glycated Hb A1C (HbA1C) levels. WMD, weighted mean difference; Wycherley_1, without exercise

training; Wycherley_2, with exercise training.
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The present meta-analysis is generally in line with these two

reports, showing a net change of 22 kg in body weight

among diabetic patients. However, this finding should be trea-

ted with caution as the effect tended to be driven by only one

trial(16). As for body composition indicators (e.g. fat mass, lean

body mass and waist circumference), a meta-analysis for these

outcomes was not conducted because the numbers of eligible

trials were rather small.

High-protein diets significantly lowered HbA1C levels in the

present meta-analysis. Although the decrease in HbA1C levels

was only 0·52 %, such a reduction has potential clinical import-

ance. Lowering HbA1c levels by 0·6 % was demonstrated to

reduce the risk of diabetes-related clinical endpoints

(by 32 %), diabetes-related deaths (by 42 %) and all-cause

mortality (by 36 %)(27). However, one trial(14) appeared to

have a considerable influence on the pooled effect size.

Study WMD Weight (%)95 % CI

HDL (mmol/l)
Parker et al. (2002)(12)

Gannon et al. (2003)(13)

Gannon & Nuttall (2004)(14)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Khoo et al. (2011)(20)

Parker et al. (2002)(12)

Gannon et al. (2003)(13)

Gannon & Nuttall (2004)(14)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Khoo et al. (2011)(20)

Subtotal (I 2 = 0·0 %, P = 0·702)

Subtotal (I 2 = 0·0 %, P = 0·884)

Parker et al. (2002)(12)

Gannon et al. (2003)(13)

Gannon & Nuttall (2004)(14)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Subtotal (I 2 = 0·0 %, P = 0·964)

Parker et al. (2002)(12)
TAG (mmol/l)

Gannon et al. (2003)(13)

Gannon & Nuttall (2004)(14)

Daly et al. (2006)(16)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Khoo et al. (2011)(20)

Subtotal (I 2 = 0·0 %, P = 0·964)

–2 –1 0 1 2

TC (mmol/l)

LDL (mmol/l)

–0·02
0·00
0·00
–0·03
0·14
–0·10
–0·10
0·00
–0·01
–0·01

–0·28
0·00
0·20
–0·06
0·10
–0·20
0·10
0·20
0·11
0·05

–0·34
–0·30
0·00
0·00
0·04
–0·10
0·10
0·10
–0·04

–0·11
–0·40
–0·67
–0·42
–0·29
–0·55
–0·10
0·20
–0·20
0·51
–0·17

22·41
5·38
16·53
1·46
11·38
3·55
12·05
13·49
13·74
100·00

10·96
4·21
10·67
2·88
12·47
11·10
16·63
23·28
7·80
100·00

15·44
5·57
6·99
2·92
16·97
14·56
18·46
19·08
100·00

15·25
8·08
3·79
7·22
0·11
8·51
22·37
5·45
21·42
7·80
100·00

–0·13, 0·09
–0·22, 0·22
–0·13, 0·13
–0·46, 0·40
–0·01, 0·29
–0·38, 0·18
–0·25, 0·05
–0·14, 0·14
–0·15, 0·13
–0·06, 0·05

–0·80, 0·24
–0·83, 0·83
–0·32, 0·72
–1·07, 0·95
–0·38, 0·58
–0·71, 0·31
–0·32, 0·52
–0·15, 0·55
–0·50, 0·72
–0·12, 0·22

–0·93, 0·25
–1·28, 0·68
–0·88, 0·88
–1·36, 1·36
–0·52, 0·60
–0·71, 0·51
–0·44, 0·64
–0·43, 0·63
–0·27, 0·19

–0·58, 0·36
–1·04, 0·24
–1·61, 0·27
–1·10, 0·26
–5·85, 5·27
–1·18, 0·08
–0·49, 0·29
–0·58, 0·98
–0·59, 0·19
–0·14, 1·16
–0·36, 0·02

Fig. 3. Effects of high-protein diets on lipid profiles. WMD, weighted mean difference; Wycherley_1, without exercise training; Wycherley_2, with exercise training;

TC, total cholesterol.
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In that trial, the baseline HbA1C level (9·6 %) was higher than

that of other trials and the reported net change (22·2 %) was

also extremely high.

Data from the present meta-analysis suggested a moderate

blood pressure-lowering effect of high-protein diets. How-

ever, the results were borderline significant, which might be

due to a small number of trials and insufficient statistical

power. Of note, the sensitivity analyses showed significantly

noticeable reductions in both systolic and diastolic blood

pressure after excluding one comparison that had exercise

training in both the groups. Probably, increased physical

activity, an important approach for the prevention and treat-

ment of hypertension(28), may have masked the effects of

the intervention diet on blood pressure.

To date, no published randomised trials have directly eval-

uated the effects of high-protein diets on the risk of important

disease outcomes. Several prospective cohort studies have

examined the association between high-protein/low-carbo-

hydrate diets and incidence of CHD(29) and type 2

diabetes(30,31). In the Nurses’ Health Study, diets lower in

carbohydrate and higher in fat and protein were not related

to the risk of type 2 diabetes or CHD, whereas diets rich in

vegetable sources of fat and protein were associated with a

modestly reduced risk of both diseases(29,31). In the Health

Professionals Follow-Up Study, diets higher in animal protein

and fat were associated with an increased risk of diabetes,

whereas diets higher in vegetable protein and fat were associ-

ated with a reduced risk in men aged ,65 years(30).

Particularly, meta-analyses of cohort studies have shown that

red meat, as common source of dietary protein, was significantly

associated with an increased risk of type 2 diabetes(32,33). These

results highlight the importance of dietary sources of protein in

assessing the health effects of high-protein diets. Individuals

choosing a high-protein/low-carbohydrate diet should consider

the protein sources to obtain health benefits.

As with any meta-analysis, the validity of our findings lar-

gely depended upon the study qualities of primary trials. In

general, the study qualities of the included trials were not

satisfactory. All these trials were open-label studies without

blinding. Given the nature of dietary intervention/advice

design, it was difficult, perhaps impossible, to blind the treat-

ment to the investigator or participants. Despite the

declaration of randomisation design, details of sequence

generation and allocation concealment were seldom reported.

In addition, the sample sizes were small to moderate and the

dropout rates were high in trials with intervention duration

.12 weeks(17,19).

The limitation of the present meta-analysis should be noted.

First, as we studied only nine randomised trials, subgroup ana-

lyses were planned but not carried out. Such analyses stratified

by location, follow-up length or study design may be informa-

tive, yet they would have increased the risk of type I errors as

we had a number of endpoints. Second, in some trials, the

standard deviations for net changes were not available in

the primary articles and were estimated based on standard

deviations for the initial and final values. This approach is

Study WMD Weight (%)95 % CI

SBP (mmHg)

Daly et al. (2006)(16)

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Subtotal (I 2 = 19·2 % P = 0·288

Sargrad et al. (2005)(15)

Westman et al. (2008)(17)

Papakonstantinou et al. (2010)(18)

Wycherley_1 et al. (2010)(19)

Wycherley_2 et al. (2010)(19)

Subtotal (I 2 = 19·2 % P = 0·288

–13·62, 1·92

–42·89, 6·89

–14·45, 2·65

–18·00, 2·00

–12·12, 6·12

–3·77, 7·77

–7·58, 0·40

–32·61, 7·61

–8·33, 3·33

–11·20, 1·20

–7·49, 1·49

–2·94, 4·94

–4·53, 0·62

–5·85

–18·00

–5·90

–8·00

–3·00

2·00

–3·59

–12·50

–2·50

–5·00

–3·00

1·00

–1·95

–40 –20 0 20 40

20·20

2·49

17·41

13·44

15·68

30·79

100·00

1·63

17·95

16·00

28·63

35·79

100·00

DBP (mmHg)

Fig. 4. Effects of high-protein diets on blood pressure. SBP, systolic blood pressure; DBP, diastolic blood pressure. WMD, weighted mean difference;

Wycherley_1, without exercise training; Wycherley_2, with exercise training.
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not ideal and might result in some inaccuracies. However,

results from the sensitivity analysis using different values of

correlation coefficients did not alter the results. Third, all the

included studies were short-term intervention trials with

study duration #6 months. As a result, the long-term health

effects of high-protein diets as well as the adverse effects

could not be determined in the present meta-analysis.

Fourth, the results on weight loss appeared to be non-significant

when one trial(16) was excluded, making the finding less

stable. Finally, publication bias was a common problem in

all the meta-analyses. The Egger regression test suggested

possible publication bias in the meta-analysis of systolic

blood pressure. However, there were only five trials for

blood pressure analysis, and blood pressure was not the pri-

mary outcome in these trials. In addition, none of them

observed a significant effect. These facts, at least in part,

argued against the presence of publication bias.

In summary, high-protein diets (within 6 months) may have

some beneficial effects on weight loss, HbA1C levels and blood

pressure in patients with type 2 diabetes. However,

considering the limitations mentioned above, these findings

are inconclusive and need to be confirmed in further

investigations.
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To view the supplementary material for this article, please visit
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