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Abstract
Aims/hypothesis To compare the effectiveness of low-fat
high-protein and low-fat high-carbohydrate dietary advice
on weight loss, using group-based interventions, among
overweight people with type 2 diabetes.
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Study design Multicentre parallel (1:1) design, blinded
randomised controlled trial.
Methods Individuals with type 2 diabetes aged 30–75 years
and a BMI >27 kg/m2 were randomised, by an independent
statistician using sequentially numbered sealed envelopes, to
be prescribed either a low-fat high-protein (30% of energy as
protein, 40% as carbohydrate, 30% as fat) or a low-fat highcarbohydrate (15% of energy as protein, 55% as carbohydrate,
30% as fat) diet. Participants attended 18 group sessions over
12 months. Primary outcomes were change in weight and
waist circumference assessed at baseline, 6 and 12 months.
Secondary outcomes were body fatness, glycaemic control,
lipid profile, blood pressure and renal function. A further
assessment was undertaken 12 months after the intervention.
Research assessors remained blinded to group allocation
throughout. Intention-to-treat analysis was performed.
Results A total of 419 participants were enrolled (mean±SD
age 58±9.5 years, BMI 36.6±6.5 kg/m2 and HbA1c 8.1±1.2%
(65 mmol/mol)). The study was completed by 70% (294/419).
No differences between groups were found in change in
weight or waist circumference during the intervention phase
or the 12-month follow-up. Both groups had lost weight (2–
3 kg, p<0.001) and reduced their waist circumference (2–
3 cm, p<0.001) by 12 months and largely maintained this
weight loss for the following 12 months. By 6 months, the
difference in self-reported dietary protein between groups was
small (1.1% total energy; p<0.001). No significant differences
between groups were found in secondary outcomes: body
fatness, HbA1c, lipids, blood pressure and renal function.
There were no important adverse effects.
Conclusions/interpretation In a ‘real-world’ setting, prescription of an energy-reduced low-fat diet, with either
increased protein or carbohydrate, results in similar modest
losses in weight and waist circumference over 2 years.
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Methods
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Participants Participants were included if they had established type 2 diabetes (WHO criteria) [13], were between 30
and 76 years of age, and had a BMI of at least 27 kg/m2.
Participants were excluded if they were currently on
weight-reducing medications, had weight loss of >5% in the
past 3 months, or had a psychiatric or eating disorder. Participants were also excluded if their glycated haemoglobin
(HbA1c) was >9.5% (80 mmol/mol) or they had had renal
disease (estimated glomerular filtration rate <60 ml/min or
urine albumin:creatinine ratio [UACR] >30 mg/mmol), abnormal liver enzymes, heart failure, known active malignancy
or myocardial infarction in the preceding 6 months.

Abbreviations
BP
Blood pressure
SF36
36-Item Short-Form Health Survey
UACR Urinary albumin:creatinine ratio

Introduction
Obesity is the primary modifiable risk factor for type 2
diabetes, and weight management is a major component
of effective diabetes care. Dietary recommendations focus on an energy-reduced, low-fat diet with less than
10% of total energy derived from saturated fat and an
emphasis on whole grains and foods with a low glycaemic index and high fibre [1, 2]. However, individuals find these goals hard to achieve and even harder to
maintain, with weight regain common [3].
Currently there is insufficient evidence to support one specific dietary approach for successful long-term weight loss,
particularly in those with type 2 diabetes. This is reflected in
the EASD guidelines and recent changes to the ADA recommendations [4]. However, these are based on relatively small
studies or on meta-analyses of studies lasting 1 year or less.
Substituting protein for carbohydrate while maintaining reduced total fat may have particular benefits in type 2 diabetes.
High-protein diets promote weight loss, maintain lean body
mass and improve lipid and glycaemic profiles in obese
non-diabetic individuals [5–8]. Studies specifically in type 2
diabetes are limited, are generally short, often using very
intensive interventions and/or providing a significant proportion of participants’ food, making the translation of the findings to a general population difficult [9–11]. Therefore the
specific long-term effect of increasing protein intake in individuals with type 2 diabetes in a free-living situation, using an
intervention that can be realistically implemented, requires
further investigation [12].
This multicentre randomised controlled trial assessed the
effectiveness of prescribing a low-fat, high-protein dietary
intervention compared with a low-fat, high-carbohydrate
control diet in reducing weight and maintaining weight loss
in overweight people with type 2 diabetes over a 2-year
period. It also assessed the effect of the diet on glycaemic
control, lipid profile and blood pressure (BP) while
monitoring adverse effects.

Study design The study was a multicentre parallel design,
blinded randomised controlled trial.

Recruitment Three centres in New Zealand (Wellington,
Auckland and Christchurch) recruited participants during
2007 and 2008, using mail-out invitations through primary
and secondary care to those with type 2 diabetes in the age
range. Community and media advertisements were also used.
Randomisation and blinding Participants were randomised
in a 1:1 ratio to either of two groups. One group was prescribed a low-fat, high-protein diet (40% of total energy as
carbohydrate, 30% as protein, 30% as fat) and the other, the
active control group, a low-fat, high-carbohydrate diet (55%
of total energy as carbohydrate, 15% as protein, 30% as fat).
Computer-generated randomisation was undertaken by an
independent biostatistician. If two members from the same
household were enrolled, they were both allocated to the same
intervention group. Allocation of randomisation was concealed from the participant until after written informed consent and baseline assessment. Dieticians delivering the
intervention were notified of the dietary allocation after baseline assessment and before the first group session; however,
research assessors remained blind to intervention allocation at
all assessment points and until after database lock.
Interventions Individuals participated in group sessions determined by dietary group allocation. Groups consisted of 812 participants and sessions were led by dieticians. The 1 h
meetings were conducted every 2 weeks for the first
6 months, then every month for the second 6 months. The
programmes were specifically designed for delivery in a
‘real-world’ setting, keeping the time commitment for both
participants and staff to levels that could be readily achieved
in most healthcare systems. There were no direct costs to
participants to take part in this programme. The group
sessions were identical for the two interventions, except
the accompanying diet-specific information, and included
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an education component and time for discussion and concluded with goal setting. Dietary counselling included information on appropriate intakes of alcohol, saturated fat
and fibre, the glycaemic index and behaviour change strategies. Weight was monitored at each session, and ongoing
self-recording of food intake was encouraged. The same
dieticians delivered sessions to both intervention groups to
control for any differential effects of the individual dietician,
and were trained by the investigating dietician (AP-S).
Weekly text or email reminders and motivational messages
were also offered to participants to enhance adherence to the
diets.
The aim of both interventions was to reduce total energy
intake by 2,000 kJ/day (approximately 500 kcal/day) using
an individualised dietary prescription based on estimation of
energy requirements [1]. This was discussed on a one-to-one
basis with each participant at the first group session. Portion
charts were provided to enable a wide choice of everyday
foods based on 15 g portions of protein and carbohydrate.
Sample diet plans were also provided as a simpler option.
Participants made their own food choices based on these
guidelines. Culturally appropriate recipes were made available for specific ethnic groups. No further dietary advice
was offered to either intervention group by the dieticians
after 12 months. Participants were asked to continue following their prescribed diets on their own in the second year.
Outcome measures Outcome measures were assessed at
baseline, 6, 12 and 24 months. Primary outcomes included
weight (Tanita electronic scales (TBF300)) and waist circumference (smallest circumference between lower ribs and
iliac crest). Secondary outcomes included glycaemic control
(HbA1c [Roche Diagnostics, Mannheim, Germany] and fasting glucose), body fatness (bioimpedance), fasting lipid
profile, systolic and diastolic BP, dietary adherence (3-day
dietary diary), renal function (serum creatinine and UACR
from 24 h urinary collection) and quality of life (36-Item
Short-Form Health Survey [SF36]) [14]. Blood and urine
samples were analysed in a centralised accredited laboratory.
Renal function was also assessed by an unblinded data safety
monitor 4 weeks after the start of the diets. All randomised
participants were encouraged to return for assessment of end
points regardless of dietary adherence.
Sample size Sample size calculations, using means and standard deviations from the literature and a previous pilot study,
indicated that 420 participants would be required to detect
clinically important differences between the groups of 1.9% in
weight [15], 2 cm in waist circumference, and changes that
have been achieved in other outcome variables from previous
similar studies (see electronic supplementary material [ESM]
Table 1) (α080%, p00.05). This sample size assumed
missing data from 12% of participants at follow-up.
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Analyses Intention-to-treat analyses were undertaken, regardless of adherence. Dietary adherence was estimated
from the 3-day food diaries using the 2006 New Zealand
Food Composition Database [16]. Generalised linear mixed
models were used to investigate differences in changes over
time in the two groups, including baseline as a covariate
[17]. An increase, decrease or no change in BP-lowering
and lipid-lowering medications was included in the model
when relevant outcomes were being examined. Centre was
included as a fixed effect in models. The mixed models used
all available data, and missing data were assumed to be
missing at random. Secondary analyses were undertaken
examining change over time for each group.
Ethics Ethics approval was obtained from the Ministry of
Health Multi-Regional Ethics Committee (MEC/06/08/081).
Written informed consent was obtained from all participants.

Results
Of the 884 people who came forward, 419 (47%) were eligible
and enrolled (Fig. 1). Table 1 presents baseline characteristics
of study participants; 70% (294/419) completed the 2-year
assessment.
Table 2 presents the total energy and dietary macronutrient
composition for both groups over the study. The high-protein
group increased their protein intake significantly more than
the high-carbohydrate group, but did not reach the target
proportions. Both groups decreased total carbohydrate intake
(g/day), with no significant difference between groups. However, as a percentage of total energy, carbohydrate intake
remained high and became significantly higher in the highcarbohydrate group. Both groups decreased their total energy
intake, with the high-carbohydrate group reporting significantly lower intake than the high-protein group. However,
there was no significant difference between the groups in
change in weight or waist circumference over the 2 years
(Table 3), although these measures decreased significantly
from baseline in both groups, particularly in the first 6 months
(Fig. 2). There was no difference in the change in percentage
body fat and HbA1c between the groups (Table 3). However,
compared with baseline, there were significant reductions in
percentage body fat and HbA1c in both groups in the first
6 months (p≤0.01; ESM Fig. 1).
There were no significant differences between the groups
in any of the secondary outcomes, except total cholesterol
and triacylglycerols, where the change over time followed a
different pattern, but the final results at 24 months were
similar. Total cholesterol had decreased in both groups at
24 months compared with baseline (0.24 mmol/l in the highprotein group and 0.17 mmol/l in the high-carbohydrate
group), but there was no difference between groups in
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Assessed for eligibility n=884
(2007–2008)
Excluded 465 (52.6%)
• Did not meet inclusion criteria (289)
SCr >160 µmol/l (7)
LFTs >3×ULN (13)
BMI <27 kg/m2 (13)
Weight >200 kg (1)
Not type 2 DM (47)
HbA1c >9.5% (61)
Other exclusion criteria (147)
• Declined 176 (19.9%)
Randomised 419 (47.4%)
Wellington (186)
Auckland (133)
Christchurch (100)

Allocated to low fat–
higher protein diet 207

Group
allocation

Received initial intervention advice 207
1= missed visit
33= withdrawn
2= disliked diet
10= health problems
9= not stated
12= other
Remain enrolled 174 (84.0%)
Attended 6-month visit 173 (83.6%)

7= missed visit
22= withdrawn
4= disliked diet
1= injury
2= health problems
1= death
2= not stated
12= other
Remain enrolled 152 (73.4%)
Attended 12-month visit 145 (70.0%)
8= withdrawn
1= disliked diet
1= death
4= not stated
2= other
Attended 24-month visit 144 (69.6%)

Allocated to low fat–
higher carbohydrate diet 212

Received initial intervention advice 211
3= missed visit
34= withdrawn
1= disliked diet
4= health problems
8= not stated
21= other
Remain enrolled 177 (83.9%)
Attended 6-month visit 174 (82.5%)

5= missed visit
19= withdrawn
4= disliked diet
1= injury
3= health problems
1= death
5= not stated
5= other
Remain enrolled 158 (74.9%)
Attended 12-month visit 153 (72.5%)
8= withdrawn
1= disliked diet
2= health problems
4= not stated
1= other
Attended 24-month visit 150 (71.1%)

Fig. 1 Flow diagram for the Diabetes Excess Weight Loss (DEWL) Trial: high-protein vs high-carbohydrate dietary interventions

absolute change. Triacylglycerol levels decreased more in
the high-protein group between baseline and 12 months, but
both groups had returned to baseline levels by 24 months
(Table 3).
There was no difference in the number of adverse renal
events between the groups. Serum creatinine had increased

by ≥15 μmol/l from baseline at any of the follow-up
measurements in 32 (18.5%) of the participants in the
high-protein group compared with 36 (20.7%) in the
high-carbohydrate group (p00.6; ESM Table 2).
The mean age of those who dropped out of trial assessments was higher than those completing the trial (59 vs
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Table 1 Baseline characteristics of trial participants by group
allocation
Characteristic

High
protein

High
Total
carbohydrate

Number
Age (years)

207
57.7±9.9

212
58.0±9.2

419
57.9±9.5

Male

95 (46)

73 (34)

168 (40)

Ethnicity
European

167 (81)

185 (88)

352 (84)

Maori

22 (11)

19 (9)

41 (10)

Pacific
Other

8 (4)
14 (7)

6 (3)
7 (3)

14 (3)
21 (5)

8.3±6.6
36.6±6.7
8.1±1.2
65±11
37 (18.0)

8.2±6.3
36.7±6.4
8.0±1.2
64±11
40 (19.0)

8.2±6.5
36.6±6.5
8.1±1.2
65±11
77 (18.5)

Duration of diabetes (years)
BMI (kg/m2)
HbA1c (%)
HbA1c (mmol/mol)
Microalbuminuria or greatera
Glycaemic control
Diet only
Oral agents only
Insulin±oral agents

40 (19.3) 29 (13.9)
116 (56.0) 120 (57.4)
51 (24.6) 60 (28.7)

69 (16.6)
236 (56.7)
111 (26.7)

On lipid-lowering drugs

128 (61.8) 147 (69.3)

275 (65.6)

On BP-lowering drugs

160 (77.3) 158 (74.5)

318 (75.9)

Values are mean±SD or n (%)
a

UACR ≥2.5 mg/mmol in men and ≥3.5 mg/mmol in women

55 years, p<0.001). They also had higher HbA1c at baseline
(8.2% vs 8.0% [66 vs 64 mmol/mol], p00.04), but the
difference in their weight was not statistically significant
(105 vs 102 kg, p00.14). Complete case analyses, including
only those who completed the trial, still found no significant
difference between the groups in primary outcomes. A per
protocol analysis was undertaken including only those in
each group that achieved above the median intake at 6 months
of protein (89 g/day) or carbohydrate (192.5 g/day) in the
intervention and control groups, respectively. There was no
significant difference at any time point or overall between the
groups in the three variables examined, including weight
(p00.8), waist circumference (p00.7) and HbA1c (p00.9)
(ESM Table 3).

Discussion
The main finding of this randomised controlled dietary
intervention trial was that, in overweight and obese individuals with type 2 diabetes, the prescription of a high-protein,
carbohydrate-restricted diet does not promote greater weight
loss or reduction in waist circumference than a low-fat highcarbohydrate diet over 2 years. A key finding was the
modest weight loss achieved with realistic and sustainable

support in a community setting, regardless of advice about
dietary content. Overall weight loss was similar in the two
groups. The result supports recommendations for flexibility
with macronutrient compositions for weight management in
those with diabetes, but reinforces the importance of achieving
sustained reductions in total energy intake.
Strengths of this study include the careful randomised
controlled design, the large number of participants and the
2 year length of follow-up compared with other similar
dietary intervention studies, the multicentre recruitment
and the focus on an intervention, which can be realistically
achieved in real world everyday practice. Limitations include the relatively high drop out rate, the failure of individuals to achieve and maintain target diet macronutrient
compositions, and the lack of robust biomarkers of dietary
adherence. This is particularly important in terms of achieving differences between groups in total amounts of carbohydrate and protein. The study was powered with a sample
size calculation that assumed that 12% of the data would be
missing at follow-up, yet 30% of the data were missing at
24 months. The attrition rate was similar in the two groups,
but those who dropped out tended to be older and to have a
higher HbA1c at baseline, although their weight was not
significantly different from those who completed the study.
Both the ‘intention-to-treat’ analysis and the analysis that
only included those who completed the study found no
difference between the groups in any outcome. There is
the potential that a real difference between groups has been
missed. However, the number of participants is still considerably larger than in any comparable studies, and, given the
small effect sizes and the consistency across the outcomes
observed, this would seem unlikely. Another potential
limitation was the multiple outcomes measured, which
may have risked a type 1 error. However, no significant
difference was found in any outcome.
There has been considerable interest in the role of manipulating dietary macronutrient composition as a mechanism for achieving weight loss. Recent focus on ‘low-carb’
diets such as the ‘Dr Atkins diet revolution’ [18] and ‘The
Zone’ diet [19] has some supportive evidence for short-term
weight loss over 6 months, but no difference compared with
other diets at 12 months [15, 20–23]. In the present study,
total self-reported carbohydrate intake in grams per day
actually decreased in both groups, but could not be considered ‘low carbohydrate’ and should not be compared with
other specific low-carbohydrate diets. However, as a proportion of total energy intake, carbohydrate remained above
40% in both groups and, as intended, was significantly
greater in the high-carbohydrate group.
Large reductions in dietary carbohydrate are by necessity
paralleled by major increases in the proportion, and often
actual levels, of fat and protein intake. This is particularly
concerning if the intake of saturated fat increases. Evidence

12.6±3.6
22.9±7.3

Saturated fat (% TE) 12.4±3.5

23.4±8.2

5.6±14.8

Fibre (g)

Alcohol (g)

5.5±13.0

4.1±13.4

25±9.9

11.9±3.8

24±14.1

31.9±7.9

3.7±7.3

23.9±7.3

10.9±3.5

20.3±10

30.1±6.9

4.9±16.4

25±12.3

11.9±3.2

23.8±11.3

32.4±7.3

64.4±28.6

44.7±8.2

3.1±6.7

23.8±7.1

11.3±3.1

21.1±9.5

30.1±6.0

55.7±21.2

48.1±7.4

3.6±10.6

23.2±7.4

12.5±3.2

24.4±10.4

32.8±6.3

63.7±24.3

45.5±6.9

p value for the difference between the high-protein and high-carbohydrate diets

Difference between high-protein and high-carbohydrate diets estimated by ANCOVA with adjustment for baseline value and centre

As estimated from 3-day dietary diary

TE, total energy

c

b

a

Values are mean±SD

27.1±12.9

26.7±12.4

Saturated fat

33.0±6.9

55.9±22.6

48.5±8.7

3.4±7.2

23.7±7.8

11.5±3.6

22.4±10.5

30.4±6.8

58.9±23.1

48.1±6.6

203.4±56.6

20.3±4.4

1.2 (−0.47, 2.81)

0.4 (−1.06, 1.93)

0.9 (0.3, 1.4)

3.1 (1.2, 5.0)

2.3 (1.2, 3.4)

0.16

0.57

0.002

0.001

<0.001

<0.001

<0.001

−3.7 (−5, −2.4)
8.5 (4.1, 12.9)

0.001
0.60

1.1 (0.5, 1.8)

<0.001

0.012

p valuec

−3.2 (−14.9, 8.6)

11.8 (6.0, 17.6)

32.0±6.6

63.9±31.9

45.0±8.3

194.1±56.6

20.6±3.9

84.4±22.4

Total fat (% TE)

70.7±28.4

46.0±7.9

194.1±55.6

20.6±4.4

87±23.5

68.5±27.9

190.6±53.9

21.2±4.5

82±22.3

47.1±7.6

196.6±60.7

20.2±4.5

91.2±28.8

Total fat (g)

198±88.0

21.9±5.1

80.9±24.6

CHO (% TE)

213.8±66.7

19.2±4.0

95.3±44.4

219.8±68.1

88.1±26.5

19.1±3.6

High
carbohydrate
(n0150)

CHO (g)

High protein
(n0144)

Protein (% TE)

High
carbohydrate
(n0158)

87.8±26.0

High protein
(n0152)

24 months

7,860.2±23,35.3 7,850.2±2,298.1 7,399.9±3,057.0 6,815.4±1,841.1 7,258.0±2,098.0 6,784.4±1,792.0 7,170.1±1,973.6 7,093.2±1,851.2 508.2 (110.3, 906.1)

High
carbohydrate
(n0174)

12 months

Difference in
change over
time (95% CI)b

Protein (g)

High protein
(n0173)

High protein
(n0207)

High
carbohydrate
(n0212)

6 months

Baseline

Nutrient intakea

Energy (kJ)

Nutrient

Table 2 Mean daily nutrient intake of participants on high-protein and high-carbohydrate diets during the trial and adjusted effect size
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114.4±13.7

Fat (%)

7.9±1.3

41.2±8.0

43.8±7.0
2.77±1.01

4.75±1.01

41.6±12.9

8.0±2.4

63±12

2.59±0.88

4.49±0.95

42.9±8.2

42.9±14.3

7.9±2.1

61±11

7.7±1.1

112.1±13.2

98.7±19.3

High
carbohydrate
(n0174)

2.68±0.94

4.67±0.95

40.7±8.3

41.1±12.6

8.4±2.4

64±12

8.0±1.3

111.4±12.8

100.2±17.8

High protein
(n0152)

12 months

2.59±0.88

4.57±1.01

43.2±8.2

43.5±14.2

8.1±2.2

62±12

7.8±1.3

112.0±13.9

99.5±19.1

High
carbohydrate
(n0158)

2.57±0.92

4.53±0.98

41.1±7.9

40.9±11. 9

8.6±3.0

66±15

8.2±1.5

110.1±14.1

99.5±17.2

High protein
(n0144)

24 months

2.47±0.93

4.44±1.07

42.6±7.4

41.4±12.8

8.4±2.6

65±14

8.1±1.4

108.7±12.1

95.9±17.1

High
carbohydrate
(n0150)

78.7±25.5

0.65 (0.15–1.65) 0.45 (0.15–1.88) 0.50 (0.13–1.47) 0.50 (0.17–1.56) 0.46 (0.15–1.83) 0.37 (0.16–1.36) 0.72 (0.11–2.97) 0.57 (0.19–1.84) 0.002 (−0.27, 0.26)

Serum creatinine (μmol/l)

UACR (mg/mmol)

79.9±19.5

53.0±9.1
76.1±20.4

50.8±11.1
81.3±20.6

53.4±9.2

46.1±9.0

76.3±19.8

52.3±9.2

45.5±9.4

83.1±23.6

52.7±9.2

43.9±9.9

76.5±11.1

78.5±22.0

52.1±11.0

45.8±9.3

76.2±11.6

0.59
0.74 (−1.70, 3.18)

0.94

0.88

0.65

−0.20 (−1.44, 1.04)
1.67 (0.25, 3.09)

0.96

0.69 (−0.59, 1.97)

d

c

b

a

Differences are estimated controlling for changes in BP-lowering medication over time

Differences are estimated controlling for changes in lipid-lowering medication over time

Differences are estimated controlling for changes in glucose-lowering medication over time

p value is for the interaction of time vs group

Values are mean±SD, or median (interquartile range) when data were skewed (data were log-transformed and back-transformed to estimate difference 95% CI). Unadjusted values are presented in all
columns except the difference, which was calculated using regression analyses, with baseline and trial centre as covariates

74.6±18.6

52.4±9.3

46.1±9.4

76.1±10.7

1.62 (−0.87, 4.12)

0.87

0.41

−0.01 (−0.05, 0.03)

52.0±10.0

46.2±8.7

76.7±11.0

131.6±20.2

1.13±0.32

SF36 mental

44.7±9.1

75.9±10.4

133.3±24.0

1.08±0.30

44.8±9.6

76.4±10.5

129.3±17.2

1.13±0.29

SF36 physical

76.6±11.0

130.9±17.3

1.12±0.31

76.8±10.3

129.3±16.4

1.10±0.31

Diastolic BP (mmHg)d

130.5±17.2

131.1±14.8

1.11±0.29

1.09±0.32
130.6±17.0

0.32
0.02

0.07 (0.007, 0.13)

0.07 (−0.04, 0.18)

Systolic BP (mmHg)d

1.11±0.28

0.70

−0.19 (−0.9, 0.53)

0.03

0.56
0.02 (−0.09, 0.14)

0.87
−0.45 (−1.56, 0.66)

0.50

0.60

0.73

p valuea

0.12 (−0.20, 0.45)

0 (−19, 19)

0.00 (−0.18, 0.18)

0.46 (−0.77, 1.69)

0.00 (−1.20, 1.21)

Difference in
change over
time (95% CI)

HDL (mmol/l)c

Triacylglycerols (mmol/l)c 1.74 (1.32–2.29) 1.61 (1.18–2.33) 1.63 (1.30–2.18) 1.57 (1.19–2.10) 1.63 (1.21–2.29) 1.63 (1.16–2.38) 1.70 (1.34–2.14) 1.60 (1.15–2.28)

2.74±0.91

100.2±18.8
111.5±13.0

45.2±14.3

2.67±0.92

42.0±8.1

Total body fat (kg)

8.5±2.5

LDL (mmol/l)c

43.9±13.9

Glucose (mmol/l)b

8.0±1.2
64±11

4.61±1.03

8.4±2.3

HbA1cb (mmol/mol)

101.9±20.1
115.1±13.5

Total cholesterol (mmol/l)c 4.77±0.98

8.1±1.2

65±11

HbA1cb (%)

Secondary

103.4±19.7

Weight (kg)

High protein
(n0173)

High protein
(n0207)

High
carbohydrate
(n0212)

6 months

Baseline

Waist (cm)

Primary

Outcome measure

Table 3 Mean values and adjusted effect size of outcome measures over time in high-protein vs high-carbohydrate dietary groups
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96.0

0

6
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Weight (kg)
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110.0

Time (months)

Fig. 2 Change in weight and waist over time in the intervention (highprotein) and control (high-carbohydrate) groups, estimated from generalised linear mixed models. Black diamond, control weight; black
square, intervention weight; white diamond, control waist; white
square, intervention waist. Weight and waist circumference had decreased significantly (p<0.001) in the intervention and control groups
when baseline was compared with 6-month measures and when baseline was compared with the mean of 6, 12 and 24 months

supports substitution with protein, monounsaturated or polyunsaturated fats. The prescribed intervention diet in this study
recommended replacing carbohydrate with protein. By adopting more moderate changes than the extreme popular diets, it
was proposed that adherence, the critical component of successful weight loss, would be enhanced [24]. However, in this
study, as in previous dietary intervention studies, the drop out
rate was high in both groups, with ‘difficulty adhering’ to
either diet cited by participants as a major factor.
An interesting finding was that, while prescribed protein
in the high-protein diet was 30%, this target was achieved in
only 12 of the 207 (6%) participants in the high-protein
group. Protein intake had significantly increased (mean
+8 g per day) at 6 months in the high-protein group, but,
at 21.9% of total energy, was less than the 25% level
considered to be ‘high protein’. Furthermore, in both dietary
groups, the macronutrient composition trended back to baseline proportions between 6 months and 2 years, indicating a
strong drive to habitual dietary patterns and emphasising the
difficulty in making sustained changes to these.
Self-reported food diaries have well-recognised limitations, and under-reporting of energy intake is common. This
may have confounded interpretation of intake data, as the
mean total reported energy intake in the control diet was
significantly lower than in the high-protein diet, yet this did
not translate to greater weight loss. Furthermore, without
supplying participants with food, we cannot be certain that
food diary reports accurately reflect the intake over the
duration of the study. This limitation also precludes further
analysis regarding the extent to which reported amounts of

carbohydrate influence outcome measures. It is generally
accepted that food diaries provide a more reliable measure
of relative contribution to dietary energy than absolute
amounts of individual macronutrients [25, 26]. The use of
24 h urinary nitrogen measurements as a biomarker of
protein intake may have been a valuable addition to this
study. However, the approach of prescribing a diet with
supportive material and group sessions is normal practice
in daily primary and secondary care and as such was an
integral component in the design of this study.
Previous trials where weight loss and changes in insulin
sensitivity, glycaemic control, lipids and BP were greater with
high-protein than high-carbohydrate diets were generally
shorter, conducted in non-diabetic groups, with more intensive
interventions or with provision of supplements or food. Brinkworth et al [27] supplied 60% of participants’ food intake,
achieving a protein intake of 28%, but, once the supply of
food was stopped during the follow-up period, protein intake
fell in the high-protein group to just 21% after 3 months.
Larsen et al [28] recently reported a 12-month intervention
trial in a similar population of patients with type 2 diabetes,
with similar dietary goals to the present study, comparing a
high-protein and high-carbohydrate diet. They were able to
achieve a greater difference between groups in actual protein
intake, but were also unable to reach their goal composition.
This was despite considerably greater one-on-one intervention
from a dietician (5 h per person over 12 months) and additional
group sessions. Larsen et al concluded that over 12 months
there was no difference between dietary approaches for HbA1c,
weight or other secondary outcomes. The present study was
specifically designed to test whether prescription of a highprotein diet with support in a manner that could be directly
translated to real-world practice with limited resources could
achieve similar results to previous short-term, highly controlled trials over the long term. It is clear that the level of
intervention adopted in this trial was not sufficient to facilitate
comprehensive or sustained dietary change, as the target macronutrient compositions were not achieved by either group,
and the differences in composition decreased over time.
Concern has been raised that increased protein intake, particularly in those with microalbuminuria or established diabetic
nephropathy, could cause a deterioration in renal function. In
this study with modest increases in protein intake, there was no
change in microalbuminuria in either group, and no individuals
showed any clinically significant rise in creatinine.
While we cannot conclude with certainty that a high-protein
diet is not superior to a high-carbohydrate diet for weight loss
in those with type 2 diabetes, the results of this study combined
with those of Larsen et al [28] indicate that, with interventions
realistically deliverable in a real-world setting, a focus on
macronutrient composition is not an effective strategy for
weight loss. Future research should focus on reducing the
barriers to sustained behavioural change to achieve reductions
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in energy intake in free-living individuals. Highly controlled
dietary studies are unlikely to answer this challenge. As the
drop outs in this study were more likely to be older and have a
higher starting HbA1c, future research should also look at ways
of better engaging this target population.
In conclusion, this large community-based randomised
controlled dietary intervention study has shown that, in
patients with type 2 diabetes, prescription of a high-protein
diet with a group-based dietician-led support and education
programme easily deliverable in a real-world setting does not
promote greater weight loss than the prescription of a highcarbohydrate diet. Both diets promoted modest and sustained
weight loss over 2 years. This adds further evidence to the
growing understanding that dietary prescriptions focusing on
macronutrient composition is not an effective strategy in
achieving meaningful weight loss in free-living overweight
and obese individuals. It again highlights how difficult it is to
achieve and maintain any prescribed change in dietary composition, and how individuals trend back to habitual intakes
over time. Furthermore, this study does not support the notion
that high-protein intakes have any greater benefit on glycaemic control, lipid profile or BP, nor does there appear to be any
detrimental effect on renal function. Therefore this study
reinforces the need to find ways to achieve sustained reduction
in total energy intake as the primary focus to achieve longterm weight loss and supports a flexible approach to dietary
composition for individuals with type 2 diabetes.
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