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OBJECTIVE — To determine the effect of a high-protein (HP) diet compared with a low-
protein (LP) diet on weight loss, resting energy expenditure (REE), and the thermic effect of food
(TEF) in subjects with type 2 diabetes during moderate energy restriction.

RESEARCH DESIGN AND METHODS — In this study, 26 obese subjects with type 2
diabetes consumed a HP (28% protein, 42% carbohydrate) or LP diet (16% protein, 55%
carbohydrate) during 8 weeks of energy restriction (1,600 kcal/day) and 4 weeks of energy
balance. Body weight and composition and REE were measured, and the TEF in response to a HP
or LP meal was determined for 2 h, at weeks 0 and 12.

RESULTS — The mean weight loss was 4.6 � 0.4 kg (P � 0.001), of which 4.5 � 0.4 kg was
fat (P � 0.001), with no effect of diet (P � 0.6). At both weeks 0 and 12, TEF was greater after
the HP than after the LP meal (0.064 vs. 0.050 kcal � kcal�1 energy consumed � 2 h�1, respec-
tively; overall diet effect, P � 0.003). REE and TEF were reduced similarly with each of the diets
(time effects, P � 0.02 and P � 0.001, respectively).

CONCLUSIONS — In patients with type 2 diabetes, a low-fat diet with an increased protein-
to-carbohydrate ratio does not significantly increase weight loss or blunt the fall in REE.

Diabetes Care 25:652–657, 2002

A low-fat, high-carbohydrate diet has
traditionally been advocated for type
2 diabetic patients (1); however,

there is some evidence that this diet may
increase plasma glucose and triacylglycerol
concentrations (2,3). Combined with a low-
fat (30%) content, replacement of some di-
etary carbohydrate with protein was shown
to enhance weight loss in 65 healthy over-

weight and obese subjects during a con-
trolled ad libitum diet (4) as well as in 13
obese hyperinsulinemic-normoglycemic
male subjects during a hypocaloric diet (5).
Although an increase in the ratio of protein
to carbohydrate has been shown to lower
blood glucose and plasma insulin concen-
trations in diabetic patients (6,7), to our
knowledge, the effects of fixed-intake,

energy-restricted diets, with an increased
ratio of protein to carbohydrate, on weight
loss and energy expenditure in type 2 dia-
betes have not been reported.

A number of mechanisms may ex-
plain how greater weight loss can be
achieved on such a diet. First, diets with
an increase in the ratio of protein to car-
bohydrate may increase the thermic effect
of food (TEF). Acute feeding studies in
lean and obese nondiabetic subjects have
shown that protein can exert up to three
times more TEF compared with isocaloric
loads of either carbohydrate or fat (8,9).
Numerous studies have examined the
thermogenic effect of carbohydrate in
type 2 diabetes (10,11), but there is min-
imal information as to the thermic effect
of protein in insulin-resistant states.
Tappy et al. (12) showed that the thermic
effect of exogenous amino acids was sim-
ilar in diabetic, obese nondiabetic, and
lean control subjects.

The blunting of the reduction in rest-
ing energy expenditure (REE) after a de-
crease in weight is a second mechanism
through which protein may facilitate
long-term weight loss. In nondiabetic
obese and lean populations, weight loss is
frequently, but not always (13), associ-
ated with a decrease in total and resting
energy expenditure after an energy-
restrictive diet (14,15). Recently, two
small studies showed that 24-h energy ex-
penditure (16) and REE (5) were reduced
to a lesser extent in response to hypoca-
loric, high-protein diets (36–45% pro-
tein) than in response to low-protein diets
(12–15% protein). The effect of high-
protein diets on REE after weight loss in
subjects with type 2 diabetes is not yet
known.

The aims of this study were to com-
pare the effects of two isocaloric diets, one
high and one low in dietary protein (30%
and 15% of energy, respectively) on
weight loss, REE, respiratory quotient
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(RQ), and TEF in subjects with type 2
diabetes after energy restriction and sub-
sequent weight maintenance.

RESEARCH DESIGN AND
METHODS

Subjects
We recruited 32 Caucasian volunteers
with type 2 diabetes by public advertise-
ment. Subjects were excluded if they had
proteinuria or a history of liver, unstable
cardiovascular, respiratory, or gastroin-
testinal disease or a malignancy. All sub-
jects gave informed written consent to
participate in the study, which was ap-
proved by the Human Ethics Committees
of the Commonwealth Scientific Indus-
trial Research Organization and the Royal
Adelaide Hospital.

Of those 32 subjects, 26 (15 women
and 11 men) completed the study. Four
subjects withdrew during the course of
the study, and two subjects were not in-
cluded in the analysis (one subject was
unable to comply, and data for another
subject was incomplete because of a com-
puter crash). Of the remaining 26 sub-
jects, 3 managed their diabetes by diet, 21
required oral hypoglycemics, and 2 re-
quired insulin. Subjects on antihyperten-
sive or lipid-lowering medication were
asked to maintain their same dosage
throughout the study. Most subjects were
sedentary at baseline and were requested
to maintain their usual physical activity
levels and refrain from drinking alcohol
throughout the study.

Experimental design
Subjects were matched for fasting plasma
glucose, BMI, age, gender, and medica-
tion and then randomly assigned to the
high-protein (HP) or low-protein (LP)
diet. Table 1 shows the physical charac-
teristics of subjects at baseline. The study
was conducted on an outpatient basis and
consisted of an 8-week energy-restriction
component (�1,600 kcal/day or 30%
caloric restriction) followed by a 4-week
period of the same macronutrient compo-
sition, but in an energy-balanced mix.

During weeks 0 and 12, subjects vis-
ited the Department of Medicine research
clinic after fasting for at least 6 h. On each
occasion, the same investigator measured
height, weight, REE, and RQ. Thereafter,
subjects consumed a test meal and the RQ
and TEF were measured for the next 2 h.
Before these visits at weeks 0 and 12, sub-
jects were instructed to maintain similar
activity and food intake, and a 24-h recall
was used to assess compliance. In addi-
tion, subjects collected 24-h urine sam-
ples for assessment of urea/creatinine
ratio at weeks 0, 8, and 12.

Diets
The HP diet consisted of 30% energy from
protein (�110 g/day) and 40% from car-
bohydrate, whereas the LP diet consisted
of 15% energy from protein (�60 g/day)
and 55% from carbohydrate. Diets were
matched for fatty acid profile (8% satu-
rated, 12% monounsaturated, and 5%
polyunsaturated fatty acids). The diets
were prescriptive, fixed-menu plans, and
the subjects were supplied with the key
foods, which made up 60% of their

energy intake, to assist with dietary com-
pliance. These included preweighed por-
tions of beef and chicken suitable for six
meals per week, shortbread biscuits,
Canola Lite margarine, and Sunola oil-
plus (MeadowLea Foods, Mascot, Austra-
lia), Kraft Free cheese (3% fat; Kraft
Foods, Melbourne, Australia), skim milk
powder, and diet yogurt for the HP diet
and sultanas and rice for the LP diet. Fur-
ther differences between the two diets are
described in detail elsewhere (17).

Every 2 weeks, subjects visited the
same research dietitian, who provided de-
tailed dietary instruction and assessment.
Energy and macronutrient intakes were
analyzed from 3 consecutive days (2
weekdays and 1 weekend day) of check-
lists from each 2-week period using Diet
One Nutritional software, which is based
on Australian food composition tables
and food manufacturers’ data (Xyris Soft-
ware, Highgate Hill, Australia) (18).

Body weight and body composition
measurements
Body weight was recorded in light cloth-
ing using an electronic scale. Body com-
position was measured by whole-body
dual X-ray absorptiometry (Norland den-
sitometer XR36; Norland Medical Sys-
tems, Fort Atkinson, WI; coefficient of
variation [CV]3–4%).

Resting energy expenditure and
respiratory quotient
Fasting REE and RQ were measured by
indirect calorimetry using a ventilated
hood and Deltatrac metabolic monitor
(Datex Division Instrumentarium, Hel-
sinki, Finland). Calibration was per-
formed before each measurement.

Subjects lay supine on a bed in a ther-
moneutral environment with a clear per-
spex hood over their head and shoulders,
and the REE and RQ were recorded for 30
min. The first 10 min of data were dis-
carded to ensure all subjects had reached
equilibrium, and the remaining 20 min of
data were averaged and represented the
values for fasting REE and RQ. In prelim-
inary studies, the intraindividual CV of
the Deltatrac system was established to be
2.3% for fasting REE and 5.9% for TEF.

Postprandial respiratory quotient
and the thermic effect of food
A 573-kcal HP (41% protein, 46% carbo-
hydrate), or 656-kcal LP (12% protein,
69% carbohydrate) test meal, representa-

Table 1—Subject characteristics at baseline

LP diet HP diet

n (F/M) 11 (5/6) 15 (10/5)
Age (years) 64.2 � 3.3 62.1 � 2.2
Body weight (kg) 90.7 � 5.0 94.5 � 3.9
BMI (kg/m2) 32.6 � 1.4 33.9 � 1.2
Waist circumference (cm) 107.8 � 3.8 110.8 � 3.0
Body fat (%) 37.8 � 2.0 42.2 � 2.2
Total body fat mass (kg) 34.4 � 2.8 40.0 � 2.8
Total body lean mass (kg) 53.4 � 3.4 51.5 � 2.8
Fasting REE (kcal/day) 1873 � 107 1918 � 83
Fasting RQ 0.76 � 0.01 0.77 � 0.01
Urinary albumin (mg/day) 2.7 � 0.4 6.2 � 2.5

Data are means � SEM. Baseline measurements were assessed using two-way ANOVA, with diet and gender
as the fixed factors, to determine whether there were differences between the HP and LP dietary groups before
the intervention commenced.
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tive of the diets, was consumed within 20
min. Thereafter, subjects returned to the
hood for 120 min, during which RQ and
REE values were recorded every 20 min.
Fasting RQ was subtracted from every 20-
min postprandial RQ value, and the 20-
min values over the 120-min period were
averaged to determine the mean change in
RQ for the subsequent 2 h. Similarly, TEF
was calculated from fasting and postpran-
dial REE values.

Statistical analyses
All data are presented as means � SEM.
Statistical analysis was performed using
SPSS, Version 10.0 for Microsoft Win-
dows (SPSS, Chicago, IL). The effects of 8
weeks of energy restriction and 4 weeks of
weight maintenance were assessed using
repeated-measures ANOVA, with time as
the within-subject factor and diet and
gender as the between-subject factors.
Pearson correlation analysis was used to
determine the relationship between
change in REE and TEF with the other
variables. Significance was set at P �
0.05.

RESULTS

Composition of the study diets and
subject compliance
The energy and macronutrient contents
derived from the subjects’ daily weighed
food checklists are shown in Table 2 and
were similar to the energy content and
macronutrient composition of the pre-
scribed diets. The energy content of the
HP and LP diets was statistically the same

during energy restriction, whereas the
percent of energy derived from protein,
carbohydrate, and fat was different (P �
0.01).

The urea/creatinine ratio was signifi-
cantly different between diets (P �
0.003). An increase from baseline of
13.2 � 5% and 24.5 � 7% at weeks 8 and
12, respectively, was observed on the HP
diet and a decrease from baseline of 7.7 �
5% and 2.9 � 5% at weeks 8 and 12,
respectively, was observed on the LP diet.
The 24-h activity recalls revealed no sig-
nificant differences for the previous day’s
activity level at week 0 as compared with
week 12.

Body weight and body composition
After 8 weeks of energy restriction and 4
weeks of energy balance, the mean weight
loss was 4.6 kg (P � 0.001), but the mag-
nitude of change was not dependent on
diet composition (–4.9 � 0.4 vs. �4.3 �
0.7 kg on the HP and LP diets, respec-
tively; P � 0.6) (Fig. 1). Percent body fat
and total fat mass were reduced 3 �
0.04% and 4.5 � 0.04 kg (11.9%), re-
spectively, at week 12 (P � 0.05). There
was a small nonsignificant decrease in
lean mass (0.3 � 0.4 kg) (P � 0.4).

Diet composition had no effect on the
change in any of the body composition
variables. There was no effect of gender or

Figure 1—Body weight (kilograms) during 8 weeks of energy restriction and 4 weeks of energy
balance on a LP (F; n � 11) or HP (E; n � 15) diet. Data are means � SEM. Body weights were
measured at weeks 0, 4, 8 (end of energy restriction), and 12 (end of energy balance) of the dietary
intervention. *Significant decrease in weight from week 0 to week 8 (P � 0.001), but no significant
effect of diet (P � 0.5). There was no significant decrease in weight from week 8 to week 12 (P �
1.0).

Table 2—Dietary composition of study diets derived from subjects’ daily weighed food checklists

LP diet HP diet

Energy restrictive Energy balanced Energy restrictive Energy balanced

n 11 15
Energy (kcal/day) 1583 � 62* 1777 � 130* 1585 � 42* 1844 � 78†
Protein (% energy) 16.1 � 0.4* 15.8 � 0.3* 28.2 � 0.2† 27.7 � 0.3†
Carbohydrate (% energy) 55.3 � 0.6* 55.6 � 0.9* 42.1 � 0.3† 42.6 � 0.4†
Total fat (% energy) 26.0 � 0.6* 26.0 � 0.7* 27.6 � 0.2† 27.7 � 0.3†

Saturated fat (% energy) 7.3 � 0.2* 7.2 � 0.3* 8.1 � 0.1† 8.3 � 0.2†
Monounsaturated fat (% energy) 11.1 � 0.3* 11.4 � 0.3* 12.0 � 0.1† 12.1 � 0.2†
Polyunsaturated fat (% energy) 4.8 � 0.1* 4.7 � 0.2* 4.9 � 0.1* 4.8 � 0.1*

Fiber (g/day) 28.3 � 1.2* 32.9 � 2.0* 24.0 � 0.9† 28.5 � 1.9*
Cholesterol (mg/MJ) 10.6 � 1.2* 10.3 � 1.2* 17.1 � 0.7† 18.7 � 0.7†

Data are means � SEM. Three days (2 week days and 1 weekend day) of dietary data were analyzed at weeks 2, 4, 6, and 8 during the energy-restrictive phase of
the study, and at weeks 10 and 12 during the energy-balance phase. No significant differences were found between the four diet records in the energy-restrictive phase
or between the two records for the energy-balanced phase, so data for recordings in each phase were averaged. *Composition of diets not different (P � 0.05);
†composition of diets not different (P � 0.05).

Effect of protein on weight loss and energy expenditure
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diet-by-gender interaction on the de-
crease in percent body fat or total fat mass.
At week 0, there was no difference be-
tween men and women for abdominal fat
mass (10.02 � 1.0 vs. 10.07 � 0.6 kg,
respectively; P � 0.9). After 12 weeks,
however, abdominal fat had decreased
more in men than in women (�1.5 � 0.2
vs. �0.96 � 0.2 kg, respectively; P �
0.001).

Resting energy expenditure,
respiratory quotient, and the
thermic effect of feeding
Fasting REE and RQ and postprandial RQ
and TEF at weeks 0 and 12 are summa-
rized in Table 3. Overall, there was no
effect of diet composition on REE (P �
0.3). However, there was an effect of gen-
der on REE. When expressed per kilo-
gram of lean mass, REE was greater in
women than in men (38 � 0.7 vs. 34 �
0.9 kcal/day, respectively; P � 0.013),
whereas when expressed as an absolute
value, REE was greater in men than
women (2084 � 93 vs. 1,697 � 44 kcal/
day, respectively; P � 0.001). At week 12,
after stabilization at a reduced weight,
REE was reduced 4.1% as compared with
baseline (from 1900 � 65 to 1,822 � 58
kcal/day; P � 0.023). The decrease in
REE was not related to diet composition
(P � 0.2) or gender (P � 0.5).

Overall, fasting RQ was not affected
by diet composition (P � 0.6) or gender
(P � 0.5). Postprandial RQ increased
more after the LP meal than after the HP
meal (overall diet effect, P � 0.001).
There was no significant difference in
postprandial RQ from week 0 to week 12
(P � 0.3).

The energy intake during the HP test
meal was 573 kcal, whereas for the LP
meal it was 656 kcal; therefore, TEF was
expressed as kilocalorie of energy pro-
duced above the resting metabolic rate
per kilocalorie of energy consumed. TEF
per kilocalorie of energy consumed was
greater (28%) after the HP meal than after
the LP meal (0.064 vs. 0.050 kcal � kcal�1

energy consumed � 2 h�1, respectively;
overall diet effect, P � 0.003). There was
also an overall effect of gender on TEF
(P � 0.03); TEF was 12.6% greater for
men than women (0.062 � 0.004 vs.
0.055 � 0.004 kcal � kcal�1 energy con-
sumed � 2 h�1, respectively). After 12
weeks, TEF was reduced (P � 0.001), but
there was no effect of diet composition
(P � 0.8) or gender (P � 0.06) on the
decrease. There was, however, a time-by-
diet-by-gender effect (regardless of
whether TEF was expressed as an abso-
lute value or as kilocalorie of energy con-
sumed), with women on the HP diet
experiencing an increase in TEF of

0.0002 � 0.003 kcal � kcal�1 energy con-
sumed � 2 h�1 after 12 weeks, compared
with women on the LP diet, who experi-
enced a decrease of 0.013 � 0.006 kcal �
kcal�1 energy consumed � 2 h�1.

CONCLUSIONS — The major find-
ing of this study was that in subjects with
type 2 diabetes, the amount of weight loss
and the decrease in REE was dependent
on energy restriction, but not on the pro-
tein-to-carbohydrate ratio of the diet. Of
some interest were the observations that
the TEF was greatest after HP meals, and
that the fall in TEF after weight loss was
less for women on the HP than on the LP
diet.

Our finding for weight loss is in ac-
cordance with results from several short-
term studies (7–28 days) in obese
nondiabetic subjects, which have shown
equivalent weight loss (mean change
3–7%) on HP as compared with LP diets
(16,19,20). In contrast, Skov et al. (4)
demonstrated that ad libitum choice of an
HP (25% of calories) diet from a clinic
shop led to a 4.3% greater weight loss
compared with a standard protein (12%
of calories) diet over 6 months. Subject
compliance to the diets was aided by hav-
ing access to a shop that supplied a large
selection of HP, LP, and low-fat foods. A
number of studies (21,22) have shown

Table 3—Energy expenditure variables at weeks 0 and 12 of dietary intervention

LP diet HP diet

Men Women Combined Men Women Combined

n 6 5 11 5 10 15
Fasting REE*†

Week 0 1975 � 139 1750 � 164 1873 � 106 2267 � 128 1745 � 48 1919 � 83
Week 12 1982 � 110 1685 � 73 1847 � 80.1 2156 � 136 1628 � 43 1803 � 83
Difference 7 � 55 �65 � 125 �26 � 62 �111 � 12 �118 � 24 �116 � 17

Fasting RQ
Week 0 0.76 � 0.01 0.75 � 0.01 0.76 � 0.01 0.76 � 0.02 0.78 � 0.01 0.77 � 0.01
Week 12 0.77 � 0.02 0.79 � 0.02 0.78 � 0.01 0.77 � 0.02 0.78 � 0.01 0.78 � 0.01
Difference 0.01 � 0.01 0.04 � 0.01 0.02 � 0.01 0.01 � 0.01 0.004 � 0.02 0.01 � 0.01

TEF*†‡
Week 0 0.063 � 0.004 0.048 � 0.005 0.056 � 0.004 0.081 � 0.010 0.061 � 0.003 0.068 � 0.005
Week 12 0.050 � 0.007 0.034 � 0.004 0.043 � 0.005 0.055 � 0.008 0.061 � 0.004 0.060 � 0.004
Difference§ �0.013 � 0.007 �0.013 � 0.006 �0.013 � 0.005 �0.026 � 0.009 0.0002 � 0.003 �0.009 � 0.005

Change RQ�
Week 0 0.05 � 0.01 0.06 � 0.01 0.06 � 0.01 0.02 � 0.01 0.02 � 0.01 0.02 � 0.01
Week 12 0.07 � 0.01 0.07 � 0.01 0.07 � 0.01 0.02 � 0.01 0.02 � 0.01 0.02 � 0.01
Difference 0.02 � 0.01 0.01 � 0.01 0.02 � 0.01 �0.01 � 0.01 0.002 � 0.01 �0.001 � 0.01

Data are means � SEM. Week 0 and 12 data were compared using repeated-measures ANOVA, with diet and gender as between subject factors. *Significant effect
of time from week 0 to week 12 (P � 0.05); †significant effect of gender at weeks 0 and 12 (P � 0.04); ‡significant effect of diet at weeks 0 and 12 (P � 0.003);
§significant time-by-diet-by-gender interaction (P � 0.041); �significant effect of diet at weeks 0 and 12 (P � 0.001). TEF, thermic response for 2 h after a 656-kcal
LP or 573-kcal HP test meal (kcal � kcal�1 energy consumed � 2 h�1); change RQ, mean increase in RQ over 2 h after the HP or LP test meal (increase/2 h).
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that protein is more satiating than either
carbohydrate or fat, which may facilitate
weight loss over the longer term. It is pos-
sible that a HP diet is easier to comply
with over the longer term.

Lean mass was reduced by only 0.3 kg
in this study. Other studies have shown
sparing of lean mass with very-low-
energy diets that have low-carbohydrate
(�30 g/day) and HP content (70–120
g/day) (23) or higher carbohydrate (�75
g/day) and LP content (30 –70 g/day)
(19). The significance of the observation
that men lost more abdominal fat than
women is unclear, as the study was not
sufficiently powered to determine a gen-
der-by-diet interaction. We have previ-
ously reported benefits of a HP diet on
total and abdominal fat loss in women in a
larger cohort (17).

The 4.1% decrease in REE after the
5.3% of weight loss observed in the cur-
rent study was comparable with that re-
ported in studies of short-term energy
restriction (800–1,500 kcal/day) in obese
nondiabetic subjects (14). Although there
is some evidence that protein intake may
be a determinant of the change in 24-h
(16) and resting (5) energy expenditure in
response to short-term energy restriction,
we did not observe an effect of diet com-
position on REE, regardless of whether it
was adjusted for weight, lean mass, or fat
mass. Baba et al. (5), the only group to our
knowledge to have studied the effect of
protein on REE, found that after 4 weeks
of weight loss in hyperinsulinemic obese
subjects, the decrease in REE was 12%
(252 kcal/day) less on a HP diet (45% pro-
tein) as compared with a LP diet (12%
protein). Our study had enough power
(80%, � of 0.05) to detect a 7% difference
in the mean REE of the HP and LP groups
after the intervention; therefore, the lack
of agreement between this study and that
of Baba et al. may relate to several meth-
odological issues. In their study, the pro-
tein-to-carbohydrate exchange between
the HP and LP diets was 33% as compared
with 15% in our study. We studied the
changes in energy expenditure after
weight loss had been stabilized rather
than immediately after active weight loss.
Hyperinsulinemic obese subjects may re-
spond differently than obese subjects
with type 2 diabetes.

We measured TEF for 2 h only; Segal
et al. (24) have shown that a 2-h measure-
ment of TEF accounts for �50 to �60%
of the ingested energy. It is likely that our

observations are qualitatively correct and
permit comparison between groups. The
TEF expressed as a percentage of ingested
calories is generally 6�15% (10,15). The
TEF of the HP and LP meals was �6.4%
and �4.9% of the ingested calories, re-
spectively. This finding is consistent with
results from two recent studies (9,25)
showing that the TEF (measured over a
24-h period) was 14 and 10% of ingested
calories on a HP as compared with a LP
diet (30 vs. 10% protein). As previously
shown (15,26,27), we have demonstrated
that TEF decreases after weight loss. The
decrease in TEF was not affected by diet
composition, but after 12 weeks the TEF
remained greater on the HP diet as com-
pared with the LP diet. Although the in-
creased TEF of the HP diet had no effect
on weight loss in this study, on average
the HP diet burned 0.064 kcal � kcal�1

energy consumed � 2 h�1, whereas the LP
diet burned 0.050 kcal � kcal�1 energy
consumed � 2 h�1. During energy bal-
ance, if we assume that our subjects ate
three 640-kcal meals per day (or a total of
1,914 kcal/day), it would mean an extra
26 kcal/day being burned on the HP as
compared with the LP diet. Over a
6-month period, providing energy intake
and physical activity remained constant,
26 extra kcal/day might potentially
equate to a difference of only 1.3 kg body
wt between our two isocaloric diets. Phys-
ical activity was not continually measured
throughout the 12 weeks in this study.
Over the long term, both physical activity
and energy intake rarely remain constant,
and compared with these two factors, the
influence of TEF on energy balance would
appear trivial.

Although there were no overall differ-
ences in the change in TEF between the
diets, in women, there was a smaller de-
crease in TEF on the HP diet as compared
with the LP diet (13 kcal/day difference).
Because the study was not specifically
powered to determine gender-by-diet in-
teractions, the significance of this finding
remains unknown.

The greater increase in RQ after the
LP meal as compared with after the HP
meal occurred because of the greater car-
bohydrate content of the meal (28). This
effect was not significantly modified by
weight loss, but the magnitude of the ef-
fect (at both 0 and 12 weeks) was less than
expected, possibly because insulin resis-
tance is associated with lower carbohy-
drate and higher fat oxidation (29).

In conclusion, we have shown that
short-term replacement of some dietary
carbohydrate with protein, under energy-
restrictive conditions, does not blunt the
diet-induced fall in REE or increase the
TEF to a level that is large enough to fa-
cilitate weight loss in patients with type 2
diabetes. Thus, the reduction in calories
appears to be the most important deter-
minant of weight loss in this population,
at least in the short term. It has been
shown, however, that ad libitum HP diets
may lead to greater weight loss in the
longer term because subjects are better
able to comply with the diet, possibly as a
result of increased satiety. Longer-term
studies are required to determine whether
HP diets may enhance weight loss or the
maintenance of a reduced weight, and
larger studies will be required to deter-
mine gender-specific effects on changes
in energy expenditure and body compo-
sition.
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