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ABSTRACT 
Background: It is not clear whether varyin g th e protein-to­
carbohydrate ratio of weight-loss diet s benefits body com position 
or metaboli sm . 
Objective: The objective was to compare the effects of 2 weight­
loss diet s differin g in protein-to-c arboh ydrate ratio on body com­
position , glucose and lipid metaboli sm, and marker s of bone 
turnover. 
Design: A parallel design included either a high-protein diet of 
meat, poultry , and dairy foods (HP diet: 27% of energ y as pro­
tein, 44% as carbohydrate, and 29% as fat) or a standard-protein 
diet low in tho se foods (SP diet: 1_6% of energy as protein, 57 % 
as carbohyd1:ate,, and 27 % as fat) during 12 wk of ener gy restric­
tion (6-6.3 MJ/d) and 4 wk of energy balance (=8.2 MJ/d ). Fifty­
seven overweight volunteers with fasting insulin concentrations 
> 12 mU/L completed the study. 
Results: Weight loss (7 .9 ± 0.5 kg) and total fat loss (6.9 ± 0.4 kg) 
did not differ between diet groups. In women, total lean mass 
was significantl y (P = 0.02) better preserved with the HP diet 
(-0.1 ± 0.3 kg) than with the SP diet (-1.5 ± 0.3 kg). Those fed 
the HP diet had significantly (P < 0.03) less glycemic response at 
weeks O and 16 than did tho se fed the SP diet. After weight loss, 
the glycemic response decreased significantly (P < 0.05) more in 
the HP diet group. The reduction in serum triacylglycero l concen­
tration s was significantly (P < 0.05) greater in the HP diet group 
(23%) than in the SP diet group ( 10% ). Markers of bone turnover , 
calcium excretion, and sys tolic blood pressure were unch anged. 
Conclusion: Replacin g carbohydrate with protein from meat , 
poultry , and dairy foods ha s beneficial metabolic effects and 
no adverse effects on mark ers of bon e turno ve r or calcium 
excretion. Am J Clin Nutr 2003;78:3 l-9. 
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INTRODUCTION 

Insulin resistance increase s the risks of cardiovascular disease 
(1, 2) and type 2 diabetes (2-4 ). Moderate weight loss- ie , on the 
order of 4.5-13 kg (5-7)-particularly that involving a reduction 
in visceral adipose tissue (8, 9), has been shown to impro ve insulin 
sensitivity, glycemic control , and dyslipidemia in overweil,iht sub­
ject s with insulin resistance. Since the I 960s , high-protein diet s 
with an emphasis on some degree of carbohydrate restriction have 
been popular with the dieting public (10). · 

The replacement of so me diet ary carbohydrate with protein , 
combined with low total (<30%) and saturated(< 10%) fat con­
tents, was shown to enhance weight los s in free-living subjects 
(11, 12). There is minimal evidence (13) for the amelioration of 
insulin res ista nce , independent of weight loss, with the con­
sumption of a high-protein diet. The improv ement in insulin 
resistance observed in that study (13) may have resulted from the 
preservation of lean ma ss combined with the los s of fat. Two 
other studie s reported that lean mass was preserved after weight 
loss with an energy-restrictive high-protein diet (14, 15), but nei­
ther stud y examined whether there was an associated improve­
ment in insulin resistance . One weight-loss (12) and 2 weight­
maintenance ( 16, 17) studies also showed that replacing so me 
carbohydrate with protein improves the fasting lipid profile . In 13 
obese hyperin sulinemic men (I 2), an increa se in HDL-chole sterol 
concentrations was reported after greater weight loss with con­
sumption of an energy-restrictive high-protein diet ( 45 % of 
energy) than that with consumption of an isoener getic standard­
protein diet (15% of energy). The beneficial effect of high-protein 
diets on serum lipid s during either energy restriction or weight 
maintenan~e requires confirmation. 

Concern - has been expressed over the safe ty of high-protein 
diets (10). They may enhance calcium excretion and incre ase bone 
resorption ( 18). Calcium loss may 9ccur only when calcium intake 
is increa sed but phosphorous intake is fixed ( 19). An increase in 
the consumption of meat protein has no effect on bone turnover 
(19, 20). Diet s high in animal protein may also increa se blood 
pre ss ure (21 , 22), although cross-sectional data revealed an 
inverse association between blood pressure and animal protein 
intake (23, 24). There are no data on the effects of high-protein 
diets on changes in bone resorption and blood pressure after mod­
erate weight loss. 
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TABLE 1 
Subjec t characte ristics at screening' 

SP diet HP diet 

Men (11 = 7) Women (n = 22) Men (n = 7) Women (11 = 2 1) 

Age (y) 48.6 ± 3.2 50.6 ± 2. 1 5 1.9 ± 3.3 50.6 ± 2.7 
Weight (kg) 109.4 ± 5.2 88.3 ± 2.22 107.4±5.8 89.5 ±2.12 
BM! (kg/m2) 34.5 ± 1.5 33.6 ± 0.8 33.7 ± I.I 34.5 ± 0.9 
Insulin (mU/L) 2 1.6 ± 2.2 17. 1 ± 1.6 17.6± 1.4 18. 1 ± 1.6 
Glucose (mmol/L) 5.9 ± 0.4 5.2± 0. 12 5.4± 0. 1 5.3 ± 0 .22 

1x ± SEM. SP, standard-prote in; HP, high-protein. There were no significant differences betwee n the SP and HP diet groups. 
2Significantly different from men, P < 0.001 (two-fac tor ANOVA, with diet and sex as the factors). 

Th e aim of thi s study was to com pare the effec ts of 2 isoe ner­
ge tic, energy-res tricte d diets with either a high or standard con­
tent of dietary protein (27% or 16% of energy, respec tively, as pro­
tein) on bod y compos ition, glucose and insulin homeos tasis, lipid 
conce ntra tions, bone turn ove r, and blood press ure in obese sub­
j ec ts with hyperin sulin e mi a. We hypoth es ize d th at th e hi gh­
protein diet would lead to weight loss similar to that of the standard­
pro tein diet but wo uld spare lea n mass wo uld res ult in grea ter 
decreases in fas ting and pos tprandial insulin conce ntrati ons. 

SUBJECTS AND METHODS 

Subject s 

Sixty-s ix obese and overweight subjec ts were recruit ed by pub ­
lic advertisei~ent. Subjects were included if they were aged 20-6 5 y 
and had a fas tin g serum insulin co nce ntra tion > 12 mU/L and a 
body mass index (BMI ; in kg/ m2) of 27-43. Exc lusion crit eria 
includ ed di abetes me lli tus; pro teinuri a; and a history of liver, 
unstable cardi ovasc ular, res pirat ory, or gastro intes tinal disease or 
of malignancy. All subj ec ts attended detailed informational ses­
sions and gave writt en informed co nsent to their partic ipation in 
the study. Th e study was approv ed by the hum an ethics commit ­
tees of the Co mmonwea lth Sc ientific Indu strial Resea rch Organ­
isat ion and the Roya l Ade laide Hospital. 

Fifty- seve n subjec ts ( 14 men, 43 women) compl eted the study 
(Table 1). Si x subj ec ts withdr ew befo re stud y co mm ence ment 
beca use of family and work co mmitm ents; in additi on, one sub­
j ect withdr ew beca use of pregnancy durin g the course of the study, 
the clini c lost co ntac t with one subjec t, and data from one subjec t 
were exc lud ed fr om the analys is beca use of _the subj ec t 's non­
compliance with the diet. Subj ec ts taking antihypertensive or lipid­
lowe ring medication were asked to mainta in all medications and 
suppl ements at pres tudy doses. Most subjec ts were sedentary at 
base line and were asked to maintain their usual leve ls of phys ica l 
ac tivity and to refra in from drin king alcohol throughout the study. 

Diets 

The presc ribed diets were either high in prote in [HP diet : 30% 
of energy as protein ( = 110 g/d), 40 % as carbohydrate, and 30% 
as fat ] or co ntained a standard amount of prote in [SP diet: 15% of 
energy as pro tein (= 60 g/d), 55 % as carbohydrate, and 30% as . 
fa t] . Th e fa tty ac id profil es fo r eac h diet were matc hed (8% of 
energy as saturated, 12% as monounsaturated, and 5% as po_lyun­
sa tu rated fa tty ac ids) . The diets we re presc riptive fixed-menu 
plans, and subjec ts we re suppli ed with key foo ds that made up 
60% of their energy intake. Some min or adju stments were made 

if the amount of food spec ified was too little or too much for some 
subj ec ts. The key foo ds supp lied to bot h diet gro up s were 
prewe ighed mea t and poultr y, shortbr ead biscuit s, ca nola mar­
garine (Ca nola Lit e; Meadow Lea Foods Ltd , Masco t, Aus tra lia), 
and high-o leic ac id sunfl owe r oil (Sunola; Meadow Lea Foo ds 
Ltd ) . Th e HP di et gro up also rece ived low-fa t (3% fa t) cheese 
(Kraft Free; Kraft Foo ds Ltd , Melbourne, Australia) and skim milk 
powde r, whereas the SP diet gro up rece ived rice and rice noodles. 
Other differences betwee n the diets are outlin ed in Table 2. Forty­
five perce nt of the protein in the HP diet ca me fro m dairy foods 
and 45% ca me fro m meat and poultry, whereas in the SP diet, only 
18% of the prote in ca me fro m da iry foo ds and 42 % ca me fro m 
meat and poultry. 

Eac h subject compl eted we ighed daily check lists of all foo ds 
consumed and was assesse d by the same dietitian at 2-w k intervals 
acco rdin g to the method desc rib ed by Park er et a l (25). Group 
tra inin g in the use of sca les and in keeping food reco rds was pro ­
vided. Thr ee consecutive days (I weeke nd day and 2 wee kdays) of 
the check list from eac h 2-wk period were analyze d with the use of 
DIET /I NU TRIE NT CA LCU LATION softwa re, 1998 version 
(Xyris Sof tware, Highga te Hill , Aus trali a) . Thi s progra m had no 
miss ing values for the nutri ents of interest (26), and, beca use the 

TABLE 2 
Food composit ion of the test die ts' 

Foods HP diet SP diet ' 

Milk, reduced-fa t (mL) 250 250 
Cerea l2 I Wheat biscuit I Wheat biscuit 
Skim milk powder (g) 
Fruit (g) 
Wholemeal bread (g) 
Low-fa t (3% fat) cheese (g)1 
Lean meat or poultry (g) 
Rice (g dry wt) 
Low-ca lorie vegetables 

(cup) 
(mL) 

Margarine (g)4 

High- oleic acid sunflowe r oil (g)5 

Shortbread biscuits (g)6 

Diet yogurt (g) 

1 SP, standard-protein; HP, high-protein. 
2Wheetbix Sanitarium, Sydney. 

30 
200 

70 
60 

200 

2.5 
0.6 

10 
15 
45 

200 

3 Kraft Free (3% fat) ; Kraft Foods Ltd, Melbourne, Australia. 
4Ca nola Lite; MeadowLea Foods Ltd , Mascot, Australia. 
5Sunola; MeadowLea Foods Ltd. 
6Three biscuits in the HP diet and 4 in the SP diet. 

300 
105 

100 
65 

2.5 
0.6 

10 
15 
60 
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diet was very presc ripti ve, unu sual foods were rarely encountered. 
Recipe s were entered as proportion s of the original ingredients. 
The databa se had bee n ex ten sive ly modified by our group to 
include new food s and recipe s. 

Experimenta l design 

The study was conducted on an outpatient basis over 16 wk . 
Subject s were matched on the basis of fasting serum insulin con­
centration s at screenin g, BMI , age, and sex. Subject s from each 
group were then randomly assigned to either the HP or SP diet 
group. Screenin g occurred 4-6 wk before the study commenced. 
Both dietary groups underwent 12 wk of energy restriction ( ""30% 
restriction of total energy, or 6.4 MJ on average), followed by 4 wk 
of energy balance with the same macronutrient composition. 

On 2 consecutive day s at each of weeks 0, 4, 8, 12, and 16, 
body weight and blood press ure were measured and venou s blood 
sa mples were take n in the morning after an overnight fast for 
determination of plasma glucose and serum insulin and lipid con­
centrations. At weeks O and 16, a 3-h meal-tolerance test was per­
formed with mea ls that were repre sentative of the diet to which 
subjects were assigned. Baseline venous blood samples were taken 
before consumption of an HP diet (2715 kJ ; 32% of energy as pro­
tein, 54 % as carbohydrate, and 14% as fat) or SP diet (2747 kJ; 
10% of energy as protein , 77% as carbohydrate , and 13% as fat) 
test meal , and thereafter blood was sampled at 30, 60, 120, and 
180 min for assessment of plasma gluco se and serum insulin and 
fatty acid concentrations. At weeks O and 16, each subject's body 
composition was meas ured with the use of du al-energy X-ray 
absorptiometry (DXA) (Norland den sitometer XR36; Norland 
Medic al System's, Fort Atkin son, WI ; CY s of 2.3 ± 0.9 % for total 
fat mass and of 2. l ± 0.4 % for total lean mass), and a 24-h urine 
sample was collected. The ratio of urinary urea to creatinine was 
measured to determin e dietary compliance, and marker s of bone 
turnover and ca lcium exc retion were also measured. 

Biochemical analys is 

Fasting blood samples were analyzed for concentrations of 
plasm a glucose, insulin , fatty acids , triacylgl yce rol , and total , 
HDL , and LDL cholesterol with the use of method s described in 
detail elsewhere (25). Urine samples taken for assessment of com­
pliance with the diet were fro zen, and urea and creatinine were 

TABLE3 

measured in one run at the end of the study with the use of the ure­
ase enzy matic assay (27) and the Jaffe reaction technique (28), 
re spectively. Urinary pyridinium cro ss-link s (markers of bone 
turnover) were measured with the use of HPLC. 

Statistica l analysis 

One subject was excluded from the lipid analysis because the 
subject began taking lipid-lowering medications, and one sub­
ject declined to undergo a DXA sca n for personal rea so ns. All 
dat a are pre se nted as mean s (± SEMs) . Stati stica l analysis was 
performed with the use of SPSS FOR WINDOWS sof tware , ver­
sion I 0.0 (SPSS Inc , Chicago). Ba se line measurements were 
assessed by using two-factor analysis of variance with diet and 
sex as the fixed factors. Dietary intake was assessed with the use 
of an unpaired t test. The effect of the diet interv ention was 
assessed by using repe ated-mea sure s analysis of variance (with 
covariates of ba seline wei ght , total fat mass, and total lean mas s 
in specific analyses) with variables mea sured at weeks 0, 4, 8, 
12, and 16. Diet and sex were the between-subject factors. The 
incremental are a under the glucose and in sulin respon se 
curves during the 3-h mea l-tolerance tests was calculated 
geometrically by usin g the trape zo idal rule (2 9). The homeo­
stasis model assessment (HOMA) for insulin resistance was 
calculated as (fasting insulin X fasting glucose/22.5) (30) . Signi­
ficance was set at P < 0.05 (without Bonferroni correction) . The 
t tests were two- sided. 

RESULTS 

Screening characteristics 

The phy sical characteristics of subjects at screenin g are shown 
in Table 1. There were no significant difference s in any of the vari­
able s betw een the diet groups. Body weight and fasting plasma 
gluco se concentrations were significantly greater in the men than 
in the women at screening. There was no effect of sex on any of 
the other variables. 

Diet comP..osition and subject compliance 

Energy intake did not differ between the 2 groups during either 
the 12-wk energy- restriction phase or the 4-wk energy-balance 
phase (Table 3). As prescribed, the protein intake was higher apd 

Nutrient co mpo sition of the study diets derived from subject s' daily weighed food reco rds' 

SP diet (n = 29) HP diet (n = 28) 

ER EB ER EB 

Energy (MJ/d) 6.5 ± 0.1 8.2 ±0 .2 6.3 ±0 .1 8.0 ± 0.2 
Protein( % of energy)2 15.7 ± 0.2 15.4.0 ± 0.3 27.4 ± 0.2 27.3 ± 0.3 
Carboh ydra te (% of energy)2 57.3 ± 0.3 56.9 ± 0.3 44.4 ± 0.4 44.6 ± 0.5 
Total fat (% of ene rgy) 26.8 ± 0.3 27.5 ± 0.4 27.0± 0.3 26.9 ± 0.5 

SFA (% of energy) 7.9 ±0. 1 8.4 ± 0.3 8.5 ± 0.1 8.3 ± 0.2 
MUFA (% of energy) 13.3 ± 0.2 13.0 ± 0.3 13.3 ± Q.2 13.1 ± 0.3 
PUFA (% of energy) 3.0 ±0 .1 3.5 ± 0.2 2.8 ±0.1 2.9 ± 0.1 

Fiber (g/d) 2 29.4 ± 0.6 J5.8 ± 0.8 2 1.8±0.7 28.4± I.I 
Cholesterol (mg/d)2 87.4 ± 2.5 117.2 ± 6.4 178.0 ± 6.1 239.4 ± 13.5 

1x ± SEM. SP, standard-prote in; HP, high-prot ein; ER, energy- restrictive; EB, energy balan ce; SFA, saturated fatty acid; MUFA , monounsaturated fatty 
ac id; PUFA, polyunsaturated fatty acid. No significant differences (unpaired I test) were found between the 4 diet reco rds in the ER phase or between the 2 
records for the EB phase, so data for recordings in each phase were averaged. 

2Significant main effect of diet (SP compared with HP) in both the ER and EB phases, P < 0.05 . 
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TABLE4 
Bod y weight and body compos ition of subject s at weeks 0 and 161 

SP diet HP diet 

Men (n = 7) Women (n = 2 1) Men (n = 7) Women (n = 21) 

Bod y we ight (kg) 2·3 

Week 0 108.8 ± 5.2 88. 1 ± 2.3 107.8 ± 5.9 89.1 ± 2.2 
Week4 103.5 ± 4.8 84.7 ± 2.2 102.7 ± 5.2 86.4 ± 2.2 
Week 8 100.7 ± 4.2 82.7 ± 2.3 98.5 ± 4.9 84.4 ± 2.2 
Week 12 99.0 ± 4. 1 81.1 ± 2.3 96.0 ± 4.4 82.5 ± 2.2 
Week 16 99.2 ±4. 1 80.7 ± 2.3 96.3 ± 4.3 82.5 ± 2.3 
Cha nge -9.6 ± 1.7 -7.4 ± 0.5 - I 1.4 ± 2.1 - 6.6 ± 0.5 

Total fat mass (kg) 2·3 

Week0 38.2 ± 3.3 42.7 ± 2.0 37.8 ± 3.3 43.2 ± 1.3 
Week 16 30.6 ± 2.9 35.6 ± 1.9 28.8 ± 2.0 36.6 ± 1.4 
Change - 7.6 ± 3.1 - 7. 1±2.0 - 9.0 ± 2.7 -6.6 ± 1.4 

Abdomina l fat (kg) 2·3 

Week 0 15.7± 1.6 15.6 ± 0.6 15.6± 1.4 15.4 ± 0.5 
Week 16 12.2 ± 1.3 12.7 ± 0.7 I I.I ± 0.8 12.5 ± 0.5 
Change - 3.5 ± 0.7 - 2.6 ± 0.2 - 4.5 ± 1.0 - 2.8 ± 0.3 

Total lean mas s (kg)2·4 

Week 0 67.0 ± 2.1 42.4 ± 0.9 66. 1 ± 3.1 42.5 ± I.I 
Week 16 65.1 ± 2. 1 40 .9 ± 0.9 63.6 ± 2.4 42.4 ± 1.2 
Change - 1.9± 2.1 - 1.5 ± 0.3 - 2.5 ± 2.8 -0. 1 ±0.3 

1x ± SEM. SP, standard -protein; HP, high-prote in. Data from weeks 0, 4 , 8, 12, and 16 were compared by using three-factor repeated-measures ANOVA 
with time, diet , and sex as the factors . 

2Significant effec t of time from week Oto week 16, P < 0.000 1. 
3Sig nificant time-by- sex interact ion, P < 0.03. 
4 Significant time -by-diet -by-sex interaction , P = 0.002; significa nt time-by-diet interaction in women, P = 0.02; time-by-d iet interaction in men, P > 0.05. 

the ca rbohydrat e in take was lower with the HP diet than with the 
SP diet, and there was no differe nce betwee n the energy-restrictive 
and energy- balance ph ases (effec t of diet, P < 0.0001). Total and 
sat urated fat co ntent did not differ bet ween the diets or phases, but 
dietary fiber was lower and dietary cholestero l was higher with 
the HP diet than with the SP diet durin g both phases (Table 3). 
The ratio of urin ary urea to creatinine rose fro m 30.3 ± 1.5 at week 
0 to 36.5 ± 1.6 at week 16 of the HP diet, and it remai ned constant 
from week 0 to week 16 of the SP diet (32.2 ± 1 compa red wi th 
3 1.8 ± I ) (P < 0.001 for time-by-diet effect; P < 0.0 1 for time). 
Meas ured co mplian ce was exce llent. 

Body weight and body composition 

After 12 wk of energy res tri ction and 4 wk of energy balance, 
the overall mean weig ht loss was 7.9 ± 0.5 kg (P < 0.0001), but 
the decrease in weig ht was not affected by the diet com posit ion 
(7.8 ± 0.7 compa red wi th 7.9 ± 0.6 kg in the HP and SP diet 
gro up s, respectively). The men los t more weig ht overa ll than did 
the wome n (Table 4), but the percentage of weig ht change did not 
differ sig nifi cantly between the sexes (me n: 9.7%; women: 7.9%). 
Weight was maintained during the energy-ba lance phase, with no 
diffe rence between diets or sexes. 

Total fa t mass was 6.9 ± 0.4 kg less afte r 16 wk (P < 0.0001), 
but the decrease was not affecte d by diet composit ion (Table 4). 
There was a difference in the reduction in fat mass between the 
sexes , with the men los ing a greate r amount of fat (Table 4). At 
week 16, abdo min al fat mass was 3. 1 ± 0.2 kg less (P < 0.0001), 
with no effec t of di e t compos iti on . A time-by-sex int eract ion 
(P = 0.005) was prese nt, and the redu ction in abdo min al fat was 
greate r for the men than for the women (Table 4). After 16 wk, 
total lean mass had decreased 1.2 ± 0.3 kg (P- < 0.000 I) . There 

was no overa ll effect of diet on the reduction in lea n mass . A 
tim e-b y-di et-by-sex int eraction (P = 0.002) was present , even 
after contro l for baseline lean mass, such that the women lost 
significa ntl y (P < 0.02) less lean mass with the HP diet than with 
the SP diet (Table 4). 

Glycemic control, insulin sensitivity, and fatty acids 

Fasting plasma glucose did not differ between weeks O and 
16, and there was neith er an effect of di et nor a time-by­
diet interaction (Table 5). There was no effect of sex on fasting 
gluc ose at base line ; howeve r, at scree nin g, fast ing g lucose was 
hi gher in the men than in the wome n. Fast ing se rum insulin 
decreased by 33 ± 3.3% at week 12 and by 29 ± 3.4% at week 16 
(P < 0.00 I) (Tab le 5), with no effec t of e ith er diet compos ition 
or sex. The HOMA ind ex for insu lin res ista nce decrease d 32 ± 
4%, from 4.3 at week O to 2 .5 at week I 2 (P < 0.00 I), an d by 
27 ± 4 % to 2.8 at week 16 (P < 0.001) . Neither di e t nor sex 
affected the HOMA ind ex . 

Overall , the area und er the plasma glucose curve was sma ller 
after the HP meal than after the SP meal , at both weeks O and 
16 (P = 0.027) (Tab le 5). The area und er the plasma g lucose 
curve was sma ll er at week 16 th an at week O (P < 0.00 I ) 
(Tab le 5), but the red uction tended to be greate r in the HP diet 
gro up than in the SP diet group (8.7 ± 2.2% com par ed with 
1.9 ± 2. 1 %; P = 0.08). If the g lucose va lues are ana lyzed wit h 
a repea ted- measures ANOVA, the re spo nse of pl as ma gl ucose 
to the test meals decreased after I 6 wk (P < 0.00 I) (Figure 1, 
top), and there was a time-by-d iet interaction (P < 0.05) such 
that the plasma glucose response decreased more after the HP 
diet meal than after the SP diet meal (Fig ure 1, top). At week 
16, plasma glucose concentration s at a ll tim e point s were lower 
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TABLES 
G lucose, insulin, and fatty acid concentration s in the 2 diet groups 1 

SP diet (n = 29) HP diet (n = 28) 

Fasting glucose (mmo l/L) 
Week 0 5.3 ± 0.1 5.4 ± 0.1 
Week4 5.3±0.1 5.3 ± 0.1 
Week 8 5.2 ±0. 1 5.6 ± 0.09 
Week 12 5.2 ± 0.1 5.4 ± 0.06 
Week 16 5.2 ±0. 1 5.5 ± 0.08 
Chan ge - 0.1 ± 0.08 0.16±0 .1 

Gluco se AUC (mmo l · 180 min/L)2·3 

Week 0 1300 ± 49 1202±32 
Week 16 1265 ± 48 1099 ± 40 
Change -3 5 ± 45 - 103 ± 0.21 

Fasting insulin (mU/L) 2 

Week 0 17.7 ± 2.4 17.5 ± 1.2 
Week4 12.5 ± 1.3 12.6± I.I 
Week 8 10.7 ± 0.9 13.5 ± 1.4 
Week 12 10.4 ± 0.6 10.5 ± 0.7 
Week 16 11.5 ± 0.9 11.9 ± I.I 
Change - 6.2 ± 2.0 - 5.6 ± 0.9 

Insulin (mU • 180 min/L) 2·3 

Week 0 9108 ± 1094 7935 ± 762 
Week 16 8719 ± 718 5922 ± 533 
Change 389 ± 300 20 13±337 

Fatty acids2 

Week 0 0.4 ± 0.03 0.4 ± 0.03 
Week 4 0.4 ± 0.02 0.4 ± 0.02 
Week 8 0.3 ± 0.03 0.3 ± 0.02 
Week 12 0.3 ± 0.02 0.3 ± 0.03 
Week 16 0.3 ± 0.02 0.3 ± 0.03 
Change - 0.10 ± 0.03 - 0.11 ±0.02 

1x ± SEM . SP, standard-protein ; HP, high-protein; AUC , area under the 
curve . Data were compared by using three-factor repeated -measure s 
ANOVA with time, diet , and sex as the factor s. There were no significant 
three-factor or two-factor interaction s and no sign ificant main effect of sex. 

2Significant effect of time , P < 0.00 l. 
3Significant effect of diet, P < 0.05. 

after the HP diet meal than after the SP diet meal (P < 0.00 l for 
diet effect). At week 16, the response of se rum insulin to the test 
meals was les s than it had been at week 0 (P < 0.001) (Figure 1, 
bottom). There was no effect of diet composition on the reduc­
tion in postprandial serum insulin at week 16 (Figure l , bottom). 

After 16 wk , fasting serum fatty acids decreased 26% (P < 0.001) , 
with no effect of either diet or sex (Table 5). At .week 0 during the 
meal -tolerance test, serum fatty acid concentrations decreased from 
0.43± 0.02 mmol/L at baseline to 0.006 ± 0.003 mmol/L at 120 min , 
but no further decrease occurred after 16 wk. There was no effect of 
either diet or sex on the fatty acid response curves after the meal­
tolerance tests . 

Concentrations of total, LDL, and HDL cholesterol and 
triacy lglycero l 

Overall , fasting serum total cholesterol at week 12 decreased 
by 10.0% compared with that at week 0 and decreased by 5.3 % at 
week 16 (P < 0 .000 l ), with no effect of diet (Table 6). There was 
an effect of sex on the decrease in fasting serum total cholesterol 
from week Oto week 12 (P < 0.005) such that total cholesterol 
decreased more in the men ( 1.0 ± 0.2 mmol/L) than in the women 
(0 .42 ± 0.1 mmol/L). Fasting serum LDL cholesterol was 12% 
lower at week 12 and 6% lower at week 16 (P < 0.0001 ), with 
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FIGURE 1. Mean (± SEM) pla sma g lucose and in sulin concentra­
tion s at baseline and 30, 60 , 120 , and 180 min after the inges tion of a 
standard-protein (SP ; n = 29) or hi gh-protein (HP ; n = 28) te s t di e t , 
which was repr es entative of the subject s' study diet at weeks O and 16. 
Week O and week 16 data were compared with th e use of 4-way 
repeated-measur es ANOVA wi th week and blood- sa mplin g time as the 
w ithin- subject factor s and diet and sex as th e between- subject factor s. 
Si g nificant time-by-diet interaction ( ie , g luc ose co ncentrations 
decr eas ed more by week 16 with the HP diet than w ith the SP diet ) , 
P < 0.05. Significant effect of time on gluco se and insulin concentra­
tion s from week O to week 16, P < 0.00 I. 

no effect of diet (Table 6) . At · both weeks 12 and 16 , t~e 
decrease in LDL cholesterol was greater for the men th an for 
the women (P < 0 .02) . Fasting se rum HDL cholestero l increased 
2% by week 12 and 5% by week 16 (P = 0.001), with no effect 
of either diet or sex (Table 6). Fasting se rum triacylglycerol 
concentrations decreased 15.8 % by week 12 and 14. l % by week 
16 (P < 0 .0001). A time-by-diet effect was observed (P < 0.05) 
such that the decrea se in serum triacy lglycerol concentrations 
was 29 % by week 12 and 23 % by week 16 with the HP diet , but 
the decrease was only 12% by week 12 and 10% by week 16 
with the SP diet (Table 6) . 

Urinary calcium, markers of bone turnover, and blood 
pressure 

Urinary calc ium excretion was u'nchan ged at week 16 compared 
with week 0 (4.7 ± 0.4 compared with 4.4 ± 0.3 mmol/24 h) , and 
there was no effect of either diet or sex. The concentrations of 
bone-turnover markers (pyridinoline: 62.5 ± 2.2 compared with 
62.l ± 2.6 nmol/mmol creatinine; deoxypyridinoline: 18.6 ± 0.7 
compared with 18.5 ± 0.9 nmol/mmol creatinine) also did not dif­
fer between baseline and week 16 in both gro ups. Systolic blood 
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TABLE6 
Fasting lipid concentrations in the 2 diet groups1 

SP diet HP diet 

Men (n = 7) Women (n = 2 1) Men (11 = 7) Women (n = 2 1) 

Total cholestero12·3 

Week 0 5.25 ± 0.35 5.70 ± 0.18 6. 11 ± 0.4 1 5.36 ± 0.24 
Week4 4.39 ± 0.29 5.34 ± 0.2 1 4.66 ± 0.20 4.84 ± 0.23 
Week 8 4.59 ± 0.35 5.26 ± 0.20 4.70 ± 0.24 4.9 1 ± 0.20 
Week 12 4.55 ± 0.38 5.3 1 ± 0.25 4.69 ± 0.26 4.92 ± 0.22 
Week 16 4.83 ± 0.37 5.5 1 ± 0.21 5.22 ± 0.3 1 5.12 ± 0.23 
Change - 0.42 ± 0.10 - 0.19 ± 0.16 -0 .89 ± 0.33 - 0.24 ± 0.12 

LDL cholestero12·3 

Week 0 3.51 ± 0.32 3.84±0 .18 4. 11 ± 0.33 3.65 ± 0.21 
Week4 2.89 ± 0.28 3.59 ± 0.21 3. 10±0.15 3.32 ± 0.2 1 
Week 8 2.93 ± 0.34 3.47 ± 0.20 3.09 ± 0.16 3.26 ± 0.17 
Week 12 2.90 ± 0.35 3.53 ± 0.24 3.05 ± 0. 18 3.76 ± 0.16 
Week 16 3.14 ± 0.33 3.66 ± 0.2 1 3.5 1 ± 0.20 3.32 ± 0.20 
Change 0.38 ± 0.15 - 0.17±0. 15 -0 .7 1 ± 0.3 1 0. 14 ±0. 11 

HDL cholestero12 

Week0 0.89 ± 0.06 1.00 ± 0.06 0.90 ± 0.06 1.00 ± 0.05 
Week4 0.89 ± 0.07 0.97 ± 0.05 0.93 ± 0.04 0.93 ± 0.03 
Week 8 0.90 ± 0.07 0.96 ± 0.04 0.83 ± 0.11 0.97 ± 0.04 
Week 12 0.92 ± 0.06 1.01 ± 0.04 1.03 ± 0.08 1.00 ± 0.04 
Week 16 0.97 ± 0.06 1.05 ± 0.04 1.03 ± 0.05 1.00 ± 0.04 
Change 0.08 ± 0.02 0.04 ± 0.04 0.13 ± 0.04 0.03 ± 0.3 

TriacylglyceroJ2.4 

Week0 1.84 ± 0.30 1.89 ± 0. 12 2.39 ± 0.33 1.7 1 ± 0.13 
Week 4 1.33 ± 0.14 1.69 ± 0.10 1.36 ± 0.15 1.37 ± 0. 11 
Week 8 1.52 ± 0.25 1.66 ± 0.12 1.56 ± 0.28 1.43 ± 0.12 
Week 12 1.62 ± 0.25 1.67 ± 0.13 1.31 ± 0. 18 1.34 ± 0.11 
Week 16 1.58 ± 0.28 1.74±0.12 1.7 1 ± 0.23 1.34 ± 0.12 
Change - 0.27 ± 0.16 - 0.15 ±0 .11 - 0.68 ± 0.2 1 - 0.37 ± 0.08 

1x ± SEM. SP, standard-protein; HP, high-protein. Fasting lipid concentrations were measured on 2 consecutive days at weeks 0, 4, 8, 12, and 16. Data 
from weeks 0, 4, 8, 12, and 16 were compared by using three-factor repeated-measures ANOVA with time, diet, and sex as the factors. There was no signi­
ficant three-factor interaction and no significant main effects of diet or sex. 

2Significant effect of time, P < 0.QI. 
3 Significant time-by-sex interaction, P < 0.01. 
4Significant time-by-diet interaction, P < 0.05. 

pressure de creased from 130 ± 1.9 mm H g at week O to 126 ± 
1.8 mm Hg at week 12 (P = 0.022), but, by week 16, systo lic 
blood pre ss ur e ( 126 ± 2.3 mm Hg) not differ fro m that at week 0. 

At both weeks 12 and 16, diastolic bl oo d press ure (72 ± 1.3 and 

72 ± 1.4 mm H g, re spec tive ly) was sig nifi ca ntl y (P < 0.04) lowe r 
than th at a t week O (74 ± 1.4 mm Hg). There was no effect of 

e ith er diet or sex on sys toli c or diastolic blo od pressure. 

DISCUSSION 

These data show that total energy int ake , rather than the pro­

tein co nt e nt of th e di e t, is th e mo st important determinant of 

weight loss , at leas t over a span of 16 wk. This observat ion is con­

siste nt with pr ev iou s findin gs reported by our gro up in subje cts 

with type 2 di abe tes (25) an d repo rted by o thers (3 I ) in subje cts 
without diabetes (13-15). In contrast, a small study of 13 hyper­

in sulinemic men showe d 28% mor e weight loss (8.3 co mp are d 

with 6.0 kg) ove r 4 wk with consumption of a di et co ntainin g 45 % . 

protein than with consumption of an isoe nerge tic ( = 7 .4 MJ/d) die t 

co nt ainin g 12 % protein ( 12). A signific ant di ffe rence in lo ss of 

total body water ( - 1.0 com par ed with 0.3) betwee n the HP and SP 

diets, ra th er than the nonsignificant difference in loss of fat ( - 7 .1 
co mp ared with -6.3 kg), ma y ex pl a in so me of th e differential 

weight loss in that st udy ( 12) . Another study ( 11) showed th at, in 

a spa n of 6 mo , a 3.3 -k g greater fat lo ss occ urr ed w ith a n ad 

libitium diet that co nta ined 25 % bf total ene rgy from dietary pro­

te in th an occurred w ith a diet th at co ntained 12 % protein. Subject 

co mpli ance with the diets was a id ed by conve ni ent access to a 

shop th at suppli ed a large se lectio n of high-prote in and sta nd ard­

protein low-fat foods. Two st udi es showe d that protein is more 

sat iatin g than is e ith er carbo hydrate or fat (32 , 33) . In creased sa ti­

at ion may fac ilit ate weight loss by reducing e nergy int ake, and 

together these fac tors may aid co mpli ance ove r the longer term. 

Because our HP and SP diets were fixed-menu isoene rge tic diets , 

the effect of the e nh anced sat iety wit h prot ei n wo uld be minim a l. 
There is littl e info rmati on on whether the sou rce of dietary pro­

te in may affec t metabo lic responses to pro te in. Protein type as a 

facto r in weight lo ss has bee n exam in ed in on ly one study by' 

Yamashita et al (34), who co ntra~te d a weight-loss diet based on 
meat ( 150 g/d) w ith a weight-loss diet based on soy protein ( 130 g/d) 

-with prot e in providing 25 % of e nergy. No di ffe re nces were see n 

betwee n these diets in weight loss ove r 16 wk or in changes in 

lipid s, bl ood pressure , insulin , or ar teri al complia nce . Laboratory , 

c lini ca l, and population data sugges t a poss ibl e an ti- obesity effec t 

of dietary ca lcium (35). To date, no c lini ca l trials have yet bee n 

co ndu cted to defini tive ly show this effect in hum ans. There is a 
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suggestion that dietary calcium may be involved in the regulation 
of adiposity in animal models (36). Our dietary interventions dif­
fered in calcium as well as in protein, with the SP diet providing 
600 mg dietary calcium and the HP diet providing 1600 mg ; we 
did not set out to answer this question. Therefore, the result s we 
obtained could be related to the increased dietary protein or cal­
cium or possibly to the reduction in carbohydrate intake. 

The preservation of total lean mass in the women who con­
sumed the HP diet is consistent with the findings of Piatti et al 
(13). That the effect was observed only in our female subjects may 
reflect the small number of men studied or the possibility that the 
protein content of the HP diet was not sufficient to preserve lean 
mass in the men. Piatti et al (13) and Hoffer et al (14) showed that 
the proteolysis of lean tissue was suppressed in subjects consum­
ing 1.5 g protein/kg ideal body weight. Proteolysis was not meas­
ured in the current study, but the reported protein intake in the HP 
diet group was 1.1 g/kg ideal body weight for the men and 1.4 g/kg 
ideal body weight for the women. Presumably , there was sufficient 
dietary protein to suppress proteolysis and preserve lean mass in 
the women, but the lower protein intake was not adequate for the 
men. We previously showed that lean mass was not spared in 
either women or men with type 2 diabetes, who consumed on 
average 1.3 g protein/kg during energy restriction (25). 

Fasting plasma glucose concentrations were not significantly 
reduced during energy restriction or after weight loss in the cur­
rent study. Consistent with previous research in subjects with and 
without type 2 diabetes (37, 38), fasting insulin concentrations 
decreased during energy restriction and subsequent weight loss. 
As a surrogat~ measure of insulin resistance, we used the HOMA 
insulin resi~tan t e index, which has been shown to correlate highly 
with clamp techniques in several large populations without dia ­
betes (39). The HP diet had no benefit in ameliorating insulin 
resistance, over and above energy restriction and weight loss. This 
finding is in contrast with the improvement in insulin resistance 
reported by Piatti et al (13), who used a euglycemic hyperinsu­
linemic clamp to evaluate changes in insulin sensitivity. The 
HOMA index provides only a qualitative estimate of insulin resist­
ance, and therefore small changes in insulin sensitivity may not 
have been detected. 

When protein is added to a carbohydrate meal, a significant 
attenuation in the glucose response has been reported by some 
investigators (40-42) but not by others (43, 44). In the current 
study, there was no difference in postload insulin concentrations 
between the HP and SP diet groups, and therefore the lower glu­
cose response after the HP diet meals presumably reflects the 
smaller carbohydrate load of the HP diet compared with the SP 
diet. After weight loss, the glucose response area decreased 6.8% 
more in the HP diet group than in the SP diet group. Prospective 
data from the Nurses' Health Study showed that dietary glycemic 
load, which one would expect to relate to postmeal glucose con­
centrations, was related to cardiovascular disease and diabetes 
(45, 46) . Decreasing the postmeal glucose concentration by 
reducing carbohydrate and increasing protein, even in "glucose­
tolerant" subjects, may reduce the risk of future cardiovascular 
morbidity and mortality . 

Our finding of a greater reduction in fasting triacylglycerol con~ 
centrations in both men and women consuming the HP diet is sim­
ilar to the findings of other investigator s who examined the effect 
of such a diet during weight maintenance in subjects with mildly 
high cholesterol concentrations (16) and in normolipidemic sub­
jects (17). The beneficial effect of the diet on triacylglycerol 

concentrations pre sumably reflected the lower carbohydrate con­
tent of the diet. Low-fat, high-carbohydrate diets have been 
reported to elevate triacylglycerol concentrations (47, 48), par­
ticularly in insulin-resistant subjects ( 49). The greater carbohy­
drate content of the SP diet may have decreased the clearance of 
triacylglycerol-rich VLDL because of a reduction in the effi­
ciency of lipoprotein lipase (47). We previously reported in sub­
jects with type 2 diabetes (25) that an HP diet had no effect on 
serum triacylglycerol concentrations but did reduce fasting serum 
total and LDL-cholesterol concentrations. Disparate findings 
between our current and previous (25) studies may be due to the 
greater weight loss achieved in the current study. Wolfe and Gio­
vannetti (16) also reported a greater reduction in total and LDL 
cholesterol and a greater increase in HDL cholesterol in response 
to increased dietary protein . In their study, only subjects with 
high baseline serum cholesterol concentrations were included, 
whereas in the current study, subjects were not excluded on the 
basis of their baseline serum cholesterol concentrations. Raeini­
Sarjaz et al (50) made similar observations in relation to triacyl­
glycerol and diets rich in carbohydrate. They also observed a 
decrease in LDL cholesterol with energy restriction alone, as we 
did during the energy-restriction phase. 

We observed no deleterious effect of the HP diet on bone 
turnover . Our findings are consistent with a study that showed 
no change in urinary hydroxyproline , pyridinoline, and 
deoxypyridinoline when protein was increased from 0.44 to 2. 71 
g/kg in 15 young subjects (20). In the Framingham Osteoporo­
sis Study (51), persons in the highest quartile of protein intake 
(1.24-2 .78 g • kg - 1 

• d - 1
, or 17-27 % of energy) had the smallest 

loss of bone mineral density over 4 y. 
One study reported an increase in systolic blood pressure after 

an increase in animal protein intake over 4 wk in 21 subjects (22) . 
We observed that the protein content had no effect on systolic or 
diastolic blood pressure. No studies have examined the effect of a 
high-protein , energy -restrictive diet on blood pressure, and there­
fore our finding requires confirmation. 

Replacing some dietary carbohydrate with protein during 
energy restriction does not enhance weight or fat mass loss or have 
any deleterious effects on bone turnover or blood pressure in sub­
jects with insulin resistance, at least over the short term. Protein 
intakes from meat, poultry , and dairy foods that are moderately 
higher than those typically consumed by Western populations clo, 
however, reduce postload glucose and fasting triacylglycerol con­
centrations. Long-term studies are required to determine whether 
high-protein diets will reduce the risks of cardiovascular disease 
and possibly delay the progression to type 2 diabetes in obese 
adults with insulin resistance. Further studies are also warranted 
to determine whether these findings are enhanced by ad libitum 
consumption of high- and low-protein low-fat foods and whether 
the mechanism for the se changes relates to higher protein or cal­
cium intakes or is a function of lower carbohydrate intake. This 
study supports the concept that weight loss can be achieved with 
widely divergent dietary strategies. 0 
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