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OBJECTIVE — To determine the effect of a high-protein (HP) weight loss diet compared with
a lower-protein (LP) diet on fat and lean tissue and fasting and postprandial glucose and insulin
concentrations.

RESEARCH DESIGN AND METHODS — Replacing dietary protein for carbohydrate
(CHO) during energy restriction and weight loss has been effective in sparing lean mass and
improving insulin sensitivity in obese subjects but has not been tested in subjects with type 2
diabetes. We compared an HP diet (28% protein, 42% CHO, 28% fat [8% saturated fatty acids,
12% monounsaturated fatty acids, 5% polyunsaturated fatty acids]) with an LP diet (16%
protein, 55% CHO, 26% fat [8% saturated fatty acids, 11% monounsaturated fatty acids, 5%
polyunsaturated fatty acids]) in 54 obese men and women with type 2 diabetes during 8 weeks
of energy restriction (1,600 kcal) and 4 weeks of energy balance. Body composition was deter-
mined by dual-energy X-ray absorptiometry at weeks 0 and 12.

RESULTS — Overall, weight loss of 5.2 = 1.8 kg was achieved independently of diet com-
position. However, women on the HP diet lost significantly more total (5.3 vs. 2.8 kg, P = 0.009)
and abdominal (1.3 vs. 0.7 kg, P = 0.0006) fat compared with the women on the LP diet, whereas,
in men, there was no difference in fat loss between diets (3.9 vs. 5.1 kg). Total lean mass
decreased in all subjects independently of diet composition. LDL cholesterol reduction was
significantly greater on the HP diet (5.7%) than on the LP diet (2.7%) (P < 0.01).

CONCLUSIONS — Both dietary patterns resulted in improvements in the cardiovascular
disease (CVD) risk profile as a consequence of weight loss. However, the greater reductions in
total and abdominal fat mass in women and greater LDL cholesterol reduction observed in both
sexes on the HP diet suggest that it is a valid diet choice for reducing CVD risk in type 2 diabetes.
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ype 2 diabetes is a major public
health problem in the developed
world (1). Although there is a strong
genetic predisposition to the develop-
ment of type 2 diabetes, lifestyle and di-
etary factors, particularly those that
promote obesity, are contributors (2).
Type 2 diabetes is characterized in most

subjects by insulin resistance with inade-
quate insulin response to maintain nor-
moglycemia (3). Insulin resistance occurs
partly as a result of increased concentra-
tions of circulating plasma free fatty acids,
released from excess adipocytes in obe-
sity, which compete with glucose for up-
take in skeletal muscle (4). In addition,
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hormones such as resistin (5) and cyto-
kines such as tumor necrosis factor-a (6)
released from adipocytes may exacerbate
insulin resistance. Because ~90% of peo-
ple with type 2 diabetes are obese, weight
loss is essential in management. The op-
timal diet for type 2 diabetes has been the
focus of much research, and there re-
mains no consensus on macronutrient
composition apart from recommenda-
tions that saturated fats be kept low (7).
Energy restriction alone significantly im-
proves glucose control and the plasma
lipid profile with subsequent weight loss
contributing about half of the total change
(8,9). A number of studies also suggest
that macronutrient composition may be
important, both in energy restriction and
energy balance, in improving the glucose
and lipid profile (10,11).

Furthermore, although weight loss
improves insulin sensitivity (12), replac-
ing carbohydrate (CHO) with protein
may preserve lean body mass during
weightlossand resultinimproved insulin-
mediated glucose uptake in skeletal
muscle (13). We have also observed an
apparent increase in insulin sensitivity
after weight loss in a small number of
obese men with impaired glucose (14).
In addition, a high-protein (HP) intake
may enhance weight loss by increasing
both satiation, leading to a reduced en-
ergy intake (15), and thermogenesis,
which blunts the normal fall in energy
expenditure seen in weight loss (16). A
greater fat and weight loss has also been
demonstrated on an HP diet when com-
pared with a high-CHO diet over a
6-month period (17) in normal sub-
jects. However, the effects of replacing
CHO with protein have not been tested
in subjects with type 2 diabetes.

Our aim was to evaluate the effects of
an HP intake on insulin sensitivity and
changes in body composition in subjects
with type 2 diabetes in both energy re-
striction and energy balance after weight
loss. We proposed that a HP diet will im-
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prove insulin resistance in type 2 diabetes
after weight loss and reduce fasting and
postprandial glucose and insulin concen-
trations. We also proposed an improve-
ment in insulin-mediated glucose uptake
by preservation of lean mass on the HP
diet when compared with the low-protein
(LP) diet.

RESEARCH DESIGN AND
METHODS

Subjects

A total of 66 subjects with type 2 diabetes
and no proteinuria were recruited by
public advertisement. Subjects attended
detailed information sessions, and all gave
written informed consent. No payment
was provided for participation in the
study. The study design was approved by
the Human Ethics Committee of the
CSIRO (Commonwealth Scientific and
Industrial Research Organisation), Health
Sciences and Nutrition. Of the subjects,
54 completed the study. Two subjects
withdrew before commencement. A fur-
ther 10 subjects (5 from each diet group)
withdrew throughout the study. Of the 54
subjects (19 men, 35 women), 25 man-
aged their diabetes by diet alone, 26 re-
quired oral hypoglycemic medications
(19 on metformin, 15 sulfonylureas alone
or combination), and 4 required insulin.
Four subjects with fasting plasma glucose
(FPG) of 4—6 mmol/l were asked to cease
medications before commencement of
the diet to allay possible hypoglycemic
episodes with weight loss. Decreases in
dosage occurred in eight subjects at weeks
4 and 8 (five from the HP diet and three
from the LP diet). Subjects on antihyper-
tensive or lipid-lowering medication were
asked to maintain the same dose through-
out the study. All subjects were asked to
maintain exercise programs at levels es-

tablished before the study.

Experimental design

Subjects were matched on the basis of
FPG, BMI, age, sex, and medication and
were randomly assigned to either the HP
diet (30% protein, 40% CHO) or LP diet
(15% protein, 60% CHO). The 12-week
study was conducted on an outpatient ba-
sis and consisted of an 8-week energy re-
striction component (1,600 kcal)
followed by a 4-week period of the same
macronutrient composition but in energy
balance. Subjects attended the clinic for
venous blood samples on 2 consecutive

days at weeks 0, 4, 8, and 12 after a 12-h
fast. Weight was recorded in light cloth-
ing at each visit. At weeks 0, 8, and 12, all
subjects underwent a 75-g 3-h oral glu-
cose tolerance test (OGTT) with venous
blood samples taken fasting and at 1, 2,
and 3 h. Subjects collected 24 h urine
samples for assessment of urea/creatinine
ratio at weeks 0, 8 and 12.

Diets

The HP diet consisted of 30% energy from
protein and 40% energy from CHO, and
the LP diet consisted of 15% energy from
protein and 60% energy from CHO. Diets
were matched for fatty acid profile (8%
saturated fatty acids, 12% monounsatu-
rated fatty acids, 5% polyunsaturated
fatty acids). The diets were prescriptive
fixed menu plans, and subjects were sup-
plied with key foods, which amounted to
60% of energy intake, to assist with di-
etary compliance. These included pre-
weighed portions of beef and chicken
suitable for six meals per week and short-
bread biscuits plus low-fat cheese (3%
fat), diet yogurt, and skim milk powder
for the HP diet and rice for the LP diet.
The other differences between the diets
lay in the amount of meat and chicken
(200 vs. 100 g), fruit (200 vs. 300 g), and
whole-meal bread (3 vs. 4 slices). Alcohol
was not permitted, and a list of free choice
vegetables and salad (maximum 2.5 cups)
was provided. During the stable weight
phase, caloric intake was increased by
~30%, with a further 7 g protein in the LP
diet and 21 g in the HP diet. Each subject
completed weighed daily diet checklists
of all foods and was assessed by the same
dietitian at 2-week intervals. Group train-
ing was provided in the use of scales and
keeping food records. Three consecutive
days (1 weekend and 2 weekdays) of the
checklist from each 2-week period were
analyzed by Diet/1 Nutrient Calculation
software (Xyris Software 1998, Highgate
Hill, Australia). This program had no
missing values for the nutrients of inter-
est, and because the diet was very pre-
scriptive, unusual foods were rarely
encountered. Recipes were entered as
proportions of the original ingredients.
The database had been extensively modi-
fied by our group to add new foods and
recipes.

Body composition
For assessment of body fat amount and
distribution, all subjects underwent

a dual-energy X-ray absorptiometry
(DEXA; Norland, Fort Atkinson, WI)
scan at weeks 0 and 12. Abdominal fat
mass was measured from the area de-
marcated by the ribs at the upper por-
tion and the ileac crests at the lower
portion. DEXA calculates the percent-
age of lean and fat mass based on mea-
sured tissue density and the known
density of the two tissue types. The CV
of these measures was 3—4%.

Insulin sensitivity

Atweeks 0 and 12, 25 subjects (8 men, 17
women), not on diabetes medication, un-
derwent a continuous low-dose glucose
and insulin infusion test (LDIGIT) for de-
termination of steady-state plasma glu-
cose (SSPG) and steady-state plasma
insulin (SSPI) concentrations. The
method, a refinement of the modified Ha-
rano test previously described (18), in-
volved the insertion of a cannula into a
forearm vein for infusion of a combina-
tion of 25 mU + kg~ !+ h™ ! insulin and 4
mg - kg~ ' - min~' glucose. From a can-
nula inserted into the opposite forearm,
blood samples (under a warmed blanket)
were taken at baseline and at 120, 130,
140, 145, and 150 min after commence-
ment of the infusion. SSPG and SSPI con-
centrations were determined from the
average of the samples taken between 120
and 150 min. Subjects were required to
lie quietly in a supine position for the du-
ration of the test.

Biochemical analysis

Fasting blood samples were collected in
tubes containing either no additives for
lipids and insulin or sodium fluoride/
EDTA for glucose measurements.
Plasma or serum was isolated by centrif-
ugation at 600g for 10 min at 5°C (Beck-
man GS-6R centrifuge; Beckman,
Fullerton, CA) and frozen at —20°C.
Biochemical assays were performed in a
single assay at the completion of the
study, except LDIGIT glucose samples,
which were analyzed after each test.
Plasma glucose and serum total choles-
terol and triacylglycerol concentrations
were measured on a Cobas-Bio centrif-
ugal analyzer (Roche, Basel) by using
enzymatic kits (Roche) and control sera.
Plasma HDL cholesterol concentrations
were measured using a Cobas-Bio ana-
lyzer after precipitation of LDL and
VLDL cholesterol with polyethylene
glycol 6000 solution. A modified
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Table 1—Baseline characteristics

HP diet LP diet

Men

n 9 10

Age (years) 63417 642 £3.8

BMI (kg/m?) 354 +2.0 334+10

Weight (kg) 107.6 £ 5.8 101.2 = 54

Glucose (mmol/l) 79+ 0.9 74 *04

Insulin (mU/1) 187 2.6 17.1 £ 3.0

sBP (mmHg) 151 £5 144 £ 6

dBP (mmHg) 90 =3 813
Women

n 17 18

Age (years) 58722 609 23

BMI (kg/m?) 345+ 1.4 332+ 14

Weight (kg) 032 +37 86.7 + 4.1

Glucose (mmol/1) 75%04 74+03

Insulin (mU/D) 15.8 2.0 16.1 14

sBP (mmHg) 143 =3 137 £ 3

dBP (mmHg) 83 *3 783

Data are means = SEM, with no significant differences between variables. dBP, diastolic blood pressure; sBP,

systolic blood pressure.

Friedewald equation was used to calcu-
late LDL cholesterol (19). Insulin was
determined in duplicate using a radio-
immunoassay kit (Pharmacia & Upjohn
Diagnostics, Uppsala, Sweden). HbA .
samples were frozen at —20°C and an-
alyzed by high-performance liquid
chromatography at the end of the study
(20). Urine samples to assess compli-
ance to the diet and albumin excretion
were frozen, and urea and creatinine
were measured in one run on a Hitachi
autoanalyzer (Roche, Indianapolis, IN)
at the end of the study.

Statistical analysis

Analysis was performed by repeated-
measures ANOVA (with covariates of
baseline weight and total fat mass in some
analyses) with variables measured at
weeks 0, 4, 8, and 12 using SPSS for Win-
dows 10.0 statistical software (SPSS, Chi-
cago). Diet and sex were between-subject
factors. Data are expressed as means =
SEM. One-way ANOVA was used to ex-
clude significant differences at baseline
between diets and men and women. In-
clusion of data from subjects with medi-
cation changes significantly affected the

Parker and Associates

results for the OGTT; therefore, these
eight subjects were excluded from analy-
sis in this test. Significance was set at P <
0.05.

RESULTS

Baseline characteristics

Subjects were matched for BMI, age, sex,
FPG, and medication. Baseline character-
istics of subjects are shown in Table 1.
There were no significant differences be-
tween the two groups for weight or blood
pressure.

Diet composition and compliance

Energy intake in the 8-week energy re-
striction phase and the 4-week energy
balance phase was not different between
the two diets (Table 2). As planned, pro-
tein intake was higher and CHO intake
lower in the HP diet than in the LP diet
both in energy restriction and energy bal-
ance (P < 0.001), with no differences be-
tween phases. Saturated fat intake was not
different between the diets or the phases,
but dietary fiber and dietary cholesterol
were significantly different between diets
in both phases. Urine urea fell from 450 to
420 mmol/day on the HP diet and from
428 to 301 mmol/day on the LP diet (P <
0.001 for difference) during the weight
loss phase and rose to 461 and 344 mmol/
day, respectively, in the weight mainte-
nance phase diet (P < 0.001 for
difference). Urinary urea/creatinine ratio
was significantly different between diets
by repeated-measures ANOVA (P <
0.001). Urinary albumin excretion did
not change with weight loss on either diet:

Table 2—Diet composition determined by subjects’ consecutive 3-day weighted dietary records every 2 week

HP diet (n = 26)

LP diet (n = 28)

Energy Energy Energy Energy

restriction balance restriction balance
Energy (kcal/day) 1,587 £ 36 2,029 £ 55 1,543 = 44 1,785 = 74
Protein (% E) 28.1 £ 0.3* 27703 164 03 16.L0 £ 03

CHO (% E) 42.1 £0.2* 42604 548 £ 04 550x0
Total fat (% E) 27.8 0.2 276 203 26304 26.7 £ 0.5
Saturated (% E) 82 *0.1 82*0.2 7.5 *0.1 7.6 0.2
Monounsaturated (% E) 12.1 0.1 122 +0.2 11.2 0.2 11.6 =03
Polyunsaturated 49 x0.1 4.7x0.1 49x0.1 48*0.1
Fiber (g/day) 243 £0.7* 293 £ 1.27 283 *08 335%13
Cholesterol (mg/day) 175.7 £ 6.1% 202.9 * 8.5% 039 *56 08.6 £ 5.9

Data are means *= SEM. Subjects were required to complete daily weighed dietary records. The 3-day dietary records (1 weekend and 2 weekdays) were analyzed
every 2 weeks in 8 weeks of energy restriction and 4 weeks of energy balance. E, energy, *P < 0.001, P < 0.05 (difference between diets).
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24.2 to 19.8 mg/l in the 12 subjects with
microalbuminuria on the HP diet and 4.3
to 3.5 mg/l in the 7 subjects on the LP
diet.

Weight and body composition

Both men and women lost weight on both
diets; however, there was a weak sex by
diet interaction (P = 0.04), such that men
lost more weight on the LP diet (5.8 vs.
4.7 kg), whereas women lost more weight
on the HP diet (6 vs. 4.2 kg). Similarly for
total fat mass, men lost more on the LP
diet (5.1 vs. 3.8 kg), whereas women lost
more on the HP diet (5.3 vs. 2.8 kg), as
reflected by a significant sex by diet inter-
action (P = 0.01). A significant sex by diet
effect was also observed in the change in
abdominal fat mass (P < 0.02), such that
men lost more fat on the LP diet (1.7 vs.
1.4 kg), whereas women lost more on the
HP diet (1.3 vs. 0.7 kg). Total lean mass
was reduced significantly with both diets
(1.35 kgon the LP diet and 0.52 kg on the
HP diet) with no significant difference be-
tween them.

Glycemic control

Fasting and 1-, 2-, and 3-h plasma glu-
cose concentrations were reduced by
both dietary interventions (P < 0.001);
however, no significant effects of diet or
sex were observed (Table 3). Fasting and
2-h insulin concentrations were reduced
at weeks 8 and 12 (both P < 0.001). The
insulin.glucose product was reduced by
42% at 3 h at week 12. HbA . decreased
by 9.4% between baseline and week 12
(P < 0.001). There were no significant
differences observed for diet or sex.

Continuous low-dose insulin and
glucose infusion (LDIGIT)

SSPG concentrations were significantly
reduced (P = 0.01) from baseline to week
12 (12.1 to 10.7 mmol/l) with no differ-
ence between diets. Weight loss was the
same in both groups. SSPI concentrations
decreased significantly (P = 0.003) from
523 to 428 pmol/l with no effect of diet or
sex.

Lipids

Total cholesterol concentrations de-
creased more on the HP diet than on the
LP diet, as reflected by a diet by time in-
teraction of P = 0.009. For all subjects,
triacylglycerol concentrations decreased
at week 12 (P < 0.001), and there was no
diet or sex effect. There was no effect of

Table 3—Weight and fat changes with energy-restricted diets

Variable Week 0 Week 8 Week 12
Weight (kg)

HP diet 97.7 £ 174 932 *16.7 922 +16.8

LP diet 914 £ 182 86.9 + 16.9 86.6 + 16.8
Fat mass in men

HP diet 38.7+5.0 — 355+ 2.6

LP diet 348 +52 — 304 2.4
Fat mass in women

HP diet 428 2.6 — 375%£25

LP diet 309 +32 — 37.0 x3.1%
Fasting glucose

HP diet 8.44 + 0.41 7.30 =0.28 7.701 = 0.31

LP diet 7.76 =024 7.02 =021 7.33 =0.30
Fasting insulin

HP diet 16372 12.1 £ 6.5 133 +6.8

LP diet 16577 14.0 £10.8 148 £90.2
2 h glucose

HP diet 8.4 7.3 7.7

LP diet 7.8 7.0 7.3
HbA, .

HP diet 6.42 = 0.83 — 5.88 =0.78

LP diet 6.30 = 0.77 — 5.79 = 0.59

#*P < 0.05 (difference between diets).

time or diet for HDL cholesterol concen-
trations (Table 4). A significant time by
diet effect was observed in the reduction
of LDL cholesterol (P = 0.009), with a
greater decrease in LDL cholesterol con-
centrations on the HP diet than on the LP
diet.

Blood pressure

Systolic blood pressure fell significantly
by 8 mmHg and diastolic blood pressure
by 4 mmHg at week 8 (P < 0.001) with
no differential effect of diet. During the
weight stabilization period between
weeks 8 and 12, systolic blood pressure
rose by 3 mmHg and diastolic blood pres-
sure by 1 mmHg (P < 0.001). This was
also not affected by diet composition.

CONCLUSIONS — In this study,
both HP and LP diets decreased weight,
fasting glucose, and insulin concentra-
tions as well as total and abdominal fat.
However, in women, the HP diet was able
to decrease total and abdominal fat differ-
entially compared with the LP diet. In ad-
dition, the HP diet significantly decreased
LDL cholesterol concentrations in both
men and women compared with the LP
diet. We were able to confirm good di-
etary compliance from both the urinary
urea excretion data and the dietary data

completed daily by each subject. To
maintain energy balance in the last
4-week period, a higher energy intake was
required on the HP diet. This finding is
consistent with previous observations
that an increase in energy expenditure,
and a blunting in the normal fall in energy
expenditure in weight loss, results from
an HP intake (16). Weight loss was not
different between the two diets. Our
novel observation of a possible sex-
specific effect of the HP diet on total and
abdominal fat loss in women but not men
requires confirmation. Although this re-
sult may reflect the small number of male
subjects in both dietary interventions,
there was no suggestion that the HP diet
was advantageous in men. In our study,
subjects lost an absolute 2.1% lean mass
overall with no significant difference be-
tween the two diets. Greater energy re-
striction, (800 vs. 1,600 kcal), higher
protein levels, and the inclusion of only
glucose-tolerant women may have af-
fected the disparity in outcomes between
the study of Piatti et al. (13), who found
that HP weight loss diets spared lean body
mass, and our study. We used DEXA for
estimating body composition in obese
subjects with type 2 diabetes, whereas Pi-
atti etal. (13) used anthropometry. DEXA
is a more accurate method of determina-

428

DiaBETES CARE, VOLUME 25, NUMBER 3, MARrcH 2002



Table 4—Lipid changes with energy-restricted diets

Variable Week 0 Week 8 Week 12
Total cholesterol
HP diet 5.16 £ 0.17 464 £0.18 481 £0.16*
LP diet 5.16 = 0.25 4.82 =022 5.15 £ 0.25
Triglyceride
HP diet 2.02 £0.15 1.56 £0.13 1.68 £ 0.14
LP diet 2.17 £0.21 1.76 £ 0.11 1.94 £0.16
LDL cholesterol
HP diet 332 £0.16 3.02 £ 0.15 3.13 £0.15%
LP diet 323 +£0.20 3.12 £ 0.20 332 +0.22
HDL cholesterol
HP diet 0.93 £0.03 0.92 £0.03 0.92 £ 0.04
LP diet 0.95 £ 0.05 0.91 = 0.04 0.96 £ 0.03

*P < 0.01, TP < 0.05 (difference between diets).

tion of body fat distribution when com-
pared with traditional anthropometric
methods, such as skinfold thickness mea-
surements and waist-to-hip ratio. Thus,
the effect of HP moderately energy-
restricted diets in preserving lean body
mass still remains unproven.

Despite greater fat loss, the women on
the HP diet were apparently not more in-
sulin sensitive than the men or women
who lost less fat. A possible explanation
for this may be the small differential fat
loss (2.5 kg), which may not have been
large enough to produce a significant
change in insulin sensitivity, as assessed
by the LDIGIT or OGTT. Longer-term
studies with greater weight loss might re-
veal such differences. SSPG concentra-
tions were significantly decreased at week
12, indicating that subjects became more
insulin sensitive. SSPI concentrations
were also significantly reduced at week
12, but this may reflect the decrease in
infused insulin (due to a lower body
weight) or an enhanced clearance and not
necessarily a decrease in insulin secretion.
We did not measure C-peptide concen-
trations, which would indicate whether
endogenous insulin secretion had de-
creased. Fasting and post-load glucose
and insulin concentrations were reduced
during and after weight loss in all subjects
afteran OGTT regardless of diet. This out-
come was probably largely the result of a
decrease in substrate intake and reduced
hepatic glucose production, although in-
creased insulin sensitivity through re-
duced fat mass cannot be excluded. This
finding is consistent with previous re-
search that found that energy restriction
and weight loss both corresponded with

reductions in fasting glucose and insulin
concentrations (8,9). In contrast, some
acute studies (21,22) have found a signif-
icant effect of protein intake in stimulat-
ing insulin secretion and lowering glucose
concentrations. However, whether this
still occurs after repeated exposure to HP
meals is not known. Our finding of a sig-
nificant effect of the HP diet on lowering
LDL cholesterol concentrations confirms
the results from one other study (23). In
their energy balance study, Wolfe and
Giovanetti (23) contrasted an HP diet
(23% energy) with an LP diet (11% en-
ergy) and randomly assigned free-living
hypercholesterolemic subjects, in a cross-
over design, to both dietary interventions
for 4-5 weeks. Both diets were low in
saturated fat and cholesterol. In contrast
to our findings, they found significant de-
creases in triglyceride concentrations as
well as increases in HDL cholesterol con-
centrations on the HP diet. Although tri-
glyceride concentrations were improved
in our study, there was no difference be-
tween the diets. We found a significant
decrease in LDL cholesterol at all time
points from baseline in both men and
women on the HP diet compared with the
LP diet. There was no impact of body
composition changes on this result. Be-
cause saturated fat intake was not differ-
ent between the diets, this was not the
cause of the differential LDL cholesterol
reduction. The mechanism for the hypo-
lipidemic effect of an HP intake on LDL
cholesterol concentrations is unclear. Our
observed decrease in LDL cholesterol
concentrations of 5.7% on the HP diet
may lead to a 10% decrease in the risk of
CVD in these subjects. This result is rele-
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vant because in people with type 2 diabe-
tes, the risk of CVD is increased two to
four times that of the normal population
(1). However, because this effect on LDL
has not been observed before with HP
weight loss diets, further confirmatory
work is required.
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