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Abstract
Background: Increased protein proportions in the diet combined with energy restriction has been shown to enhance weight loss  during 
dietary intervention. It is not known if the beneficial effect of dietary protein exists in the general population under normal living 
 conditions without a negative energy balance.
Methods: A total of 1834 participants (n = 443 men, n = 1391 women) were recruited from the CODING study. Participants’ dietary 
macronutrient compositions were determined through a Willett FFQ. Body composition variables including percent body fat (%BF), 
percent trunk fat (%TF), percent total lean mass (%LM), and percent trunk lean mass (%TLM) were determined using DXA. Major 
confounding factors including age, physical activity levels, total caloric intake, carbohydrate intake, menopausal status, smoking status 
and medication use were controlled for in all analyses.
Results: Significant inverse relationships were observed between dietary protein intake (g/kg body weight/day) and weight, waist 
 circumference, waist-to-hip ratio, BMI, %BF, and %TF (P , 0.001). Significant positive relationships were observed with %LM and 
%TLM (P , 0.001). Additionally, significant differences in weight (12.7 kg in men, 11.4 kg in women), BMI (4.1 BMI units in men, 
4.2 units in women), and %BF (7.6% in men, 6.0% in women) were observed between low and high dietary protein consuming groups 
(P , 0.001). Dietary protein explained 11% of the total variation in %BF in the NL population.
Conclusion: This study provides strong evidence that higher protein intake, even in the absence of energy restriction, is associated with 
a more favorable body composition in the general population.
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Introduction
The prevalence of obesity has been rising  dramatically 
over the past three decades and is now a major public 
health concern as it affects over 300 million people 
globally.1 Obesity is widely recognized as a chronic 
disease associated with many serious health problems 
including type 2 diabetes, cardiovascular disease, 
hypertension, osteoarthritis, gall bladder disease, and 
some types of cancer.2,3 Due to the high prevalence 
of obesity and its associated health consequences, 
 effective weight reduction and maintenance strategies 
are needed. The role of marconutrients ( protein, fat 
and carbohydrate) in the diet has long been debated.4–6 

Altering the levels of protein,  carbohydrate, or fat is 
popular with those trying to find the best strategies for 
successful weight loss and maintenance. A great deal 
of attention has been focused on the  modification of 
carbohydrate and fat intake as they are major energy 
contributors of the diet.7 As the efficacy of these 
diet plans has recently come under scrutiny, more 
emphasis is now being placed on high protein diets as 
 alternative weight loss strategies.8–12

It is evident that an energy restricted diet high in 
protein can more effectively allow for weight loss and 
weight maintenance than a diet with a lower protein 
composition in randomized control  trials and weight 
loss intervention studies.5,8–12 High  protein diets pro-
mote a reduction in overall body fat  percentage through 
an increase in lean body mass at the expense of fat 
mass in participants with similar activity levels.13,14 In 
 addition, it has been  suggested that  protein may exert 
a greater thermogenic effect compared to  carbohydrate 
and fat, and therefore may contribute to greater energy 
expenditure  during rest.15–17 Most  studies related to 
dietary protein intake and weight loss thus far have 
been generated from an intervention approach, in which 
animals or humans are fed a high protein/low carbohy-
drate diet, with dietary protein intake generally being 
greater than the  recommended daily intake value of 
0.86 g/kg body weight/day.18 Moreover, it is not known 
if dietary protein works the same way under a negative 
energy balance compared to an energy balanced state. 
At the current time, critical data are lacking  regarding 
the  beneficial effects of dietary protein on body 
 composition in the general, non-dieting population. 
The objective of the current study was to  investigate the 
relationship between dietary protein intake and body 

 composition in the general Newfoundland  population 
after controlling for potential confounding factors such 
as age,  physical activity levels, gender, menopausal 
status, smoking status, and medication use.

Methods
Participants
A total of 1834 participants (443 men, 1391 women) 
were recruited from an ongoing, large scale nutrig-
enomics study (CODING Study: Complex Diseases 
in the Newfoundland Population: Environment and 
Genetics).19–21 All participants were from the Cana-
dian province of Newfoundland and Labrador (NL) 
and were recruited via  advertisements, posted flyers, 
and word of mouth. Inclusion criteria were as fol-
lows: 1) at least third generation Newfoundlander; 
2) not pregnant at the time of the study; and 3) not 
having any serious metabolic,  endocrine, or car-
diovascular disease. Participants provided written 
and informed consent and the study received ethics 
approval from the Human Investigations Committee 
of the Faculty of Medicine, Memorial University of 
Newfoundland.

Dietary assessment
Each participant was required to complete a Willett Food 
Frequency Questionnaire (FFQ), a semi-quantitative 
method for the assessment of dietary intake patterns. 
The Willett FFQ is the most widely used dietary intake 
questionnaire for the study of nutritional information 
at the population level.22 For each food item listed, 
participants had to indicate their average use of the 
specified amount per week over the last year. Based 
on the choice selected, the amount was converted to 
a mean daily intake value. The daily intake for each 
food item consumed was entered into a meal plan 
using NutriBase Clinical Nutrition Manager (version 
8.2.0; CyberSoft Inc, Arizona) and the total macronu-
trient and micronutrient intakes in  kilocalorie (kcal) 
for each participant per day were automatically com-
puted by the NutriBase software.

Body composition measurement
Dual Energy X-Ray Absorptiometry (DXA; Lunar 
Prodigy; GE Medical Systems, Madison, WI) was used 
for the measurement of percent total body fat (%BF), 
percent trunk fat (%TF), percent total lean body mass 
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(%LM), and percent trunk lean body mass (%TLM). In 
addition to the measurements taken by DXA, anthro-
pometric measurements were taken relating to the par-
ticipants’ weight, height, waist and hip circumference. 
From these measurements, the participants’ BMI and 
waist-to-hip ratios were calculated. All measurements 
were performed in the morning following a 12 h fast. For 
a more detailed description of body composition mea-
surements, see our previously published papers.19–21,23

serum measurements
Blood samples were taken from all subjects in the 
morning, following a 12-hour fasting period. Serum 
was stored at -80 °C for subsequent analyses. Serum 
concentrations of glucose, triacylglycerols (TG), total 
cholesterol, and HDL cholesterol were  performed 
on an Lx20 analyzer (Beckman Coulter Inc., CA, 
USA) using Synchron reagents. LDL cholesterol 
was calculated using the following formula: (total 
cholesterol)—(HDL cholesterol)—(TG/2.2) which is 
reliable in the absence of severe hyperlipidemia.

Demographics and other covariates
Information regarding the participants’ lifestyles was 
collected through a self-administered screening ques-
tionnaire. The questions were related to demographics 
(age, gender, family origin), disease status, smoking 
status and medication use. A separate questionnaire was 
administered to women with relation to their meno-
pausal status. Physical activity was measured using the 
ARIC-Baecke Questionnaire, which consists of a Work 
Index, Sports Index, and Leisure Time Activity Index.24 

All responses from this questionnaire were scored based 
on a five point scale with the exception of the name of 
the participant’s main occupation and the type of sports 
played. Three levels of physical activity (low, medium 
and high) were defined for occupation25 and sports.26 
Physical activity was then measured via assessment of 
the number of hours spent doing the activity per week, 
the number of months spent doing the activity per year 
and the assigned exertion level. The Work, Sports, and 
Leisure Time Activity Indices were added together to 
give an estimate of total physical activity.

statistical analysis
All data are reported as mean (SD) unless  otherwise 
indicated. Participants with daily macronutrient 

intakes falling outside the range of ±3SDs were 
considered outliers and therefore excluded from fur-
ther analyses to account for possible errors associ-
ated with over- or under-reporting of food intake on 
the FFQ (n = 22). This left a sample size of 1812 
participants (n = 437 men, 1375 women). Differ-
ences in physical  characteristics between men and 
women, along with differences in dietary macro-
nutrient intakes, were assessed using one-way 
ANOVA. Pearson correlation analyses were initially 
conducted to assess the linear relationship between 
dietary protein intake (g/kg body weight/day) and 
various body composition markers (weight, BMI, 
waist circumference, waist-to-hip ratio, %BF, %TF, 
%LM, %TLM).

To overcome the possible influence of  various 
confounding factors including age, physical  activity 
levels, total caloric intake, carbohydrate intake 
(g/kg body weight/day), menopausal status, smok-
ing status, and medication use, partial correlation 
 analyses were performed controlling for these  factors. 
As a number of participants failed to  complete a 
 physical activity level questionnaire (n = 310), 
only 1502 participants (364 men, 1138 women) 
were included in these  analyses. There were no sig-
nificant  differences in any physical  characteristic 
between those that completed the physical activity 
questionnaire and those that did not. All men and 
women were also  subdivided into groups accord-
ing to smoking  status (smokers or  non-smokers) and 
medication use ( medication users or non-medication 
users). Women were  further  subdivided accord-
ing to their menopausal  status. Women who had 
 undergone a hysterectomy (n = 22) were excluded 
from this analysis leaving 631  pre-menopausal and 
485  post-menopausal women.

To further explore the relationship between 
dietary protein and body composition, partici-
pants were divided into tertiles according to protein 
intake (g/kg/day) as follows: low (bottom 33.3%), 
medium ( middle 33.3%) and high (top 33.3%) 
 protein  consumers. For men, the range of dietary 
protein intake for the low, medium and high pro-
tein  consumers was 0.22–0.81 g/kg/day, 0.82–1.25 
g/kg/day, and 1.26–3.99 g/kg/day, respectively. For 
women, the ranges were 0.09–0.95 g/kg/day, 0.96–
1.37 g/kg/day, and 1.38–3.66 g/kg/day, respectively. 
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ANCOVA analyses were used to analyze the differ-
ences in body weight and body composition vari-
ables (weight, BMI, waist circumference, %BF, 
%TF, %LM, %TLM) among the three protein 
consuming groups. Using this model, each respec-
tive body  composition  measurement was included 
as the dependent  variable and the protein consuming 
group included as a fixed factor.  Covariates included 
in the model were age, physical activity level, and 
total caloric intake.

All statistical analyses were performed using 
SPSS, version 16.0 (SPSS Inc, Chicago). All tests 
were two-sided and a P value , 0.05 was considered 
to be statistically significant.

Results
Physical, biochemical, and dietary 
characteristics of the study participants
Participants’ physical and biochemical characteristics 
as well as macronutrient intakes are summarized in 
Table 1. Men and women differed significantly with 
relation to all body composition variables and physi-
cal markers. Participants’ ages ranged from 19 to 84 
y, and men were 3.3 y younger than women. Par-
ticipants’ BMIs ranged from 16.0 to 54.3 kg/m2 and 
%BF ranged from 4.6 to 59.9%. Men were heavier 
and taller compared to women and had signifi-
cantly greater BMIs, waist-to-hip ratios, %LM, and 
%TLM but had significantly reduced %BF and %TF 
 compared to the female participants (Table 1). Men 
had higher fasting glucose compared to women but 
lower total cholesterol and HDL cholesterol. Circu-
lating levels of TG were also higher in men and no 
 significant difference was  evident in LDL cholesterol 
between genders. With respect to diet composition, 
female  participants  consumed a statistically higher 
proportion of protein and carbohydrate per day than 
male participants. There were no significant differ-
ences in overall caloric intake or fat intake between 
men and women.

Dietary protein intake and body 
composition according to gender
Pearson correlation analyses were conducted to assess 
the degree of linear relationship between dietary 
 protein intake, measured with respect to body weight 

(g/kg/day), and various body composition variables. 
There was a significant negative relationship between 
dietary protein intake and weight, BMI, waist circum-
ference, waist-to-hip ratio, %BF, and %TF (P , 0.001). 
Figure 1 shows the inverse relationship between 
dietary protein and %BF for both men and women. 
In addition, dietary protein intake was  positively cor-
related with %LM and %TLM (P , 0.001). These 
relationships were not gender  specific, as they were 
evident in both male and female participants.

After controlling for confounding factors including 
age, physical activity level, and total caloric intake, 
the relationship between dietary protein intake and all 

Table 1. Physical, biochemical, and dietary intake 
 characteristics of participants (n = 1812).a

Variables Men 
(n = 437)

Women 
(n = 1375)

age (yrs) 41.0 (14.0) 44.3 (12.1)b

Weight (kg) 84.8 (14.1) 68.9 (13.9)b

height (cm) 175.7 (6.4) 162.1 (5.9)b

BMI (m/kg2) 27.5 (4.4) 26.2 (5.2)b

Waist (cm) 97.4 (12.7) 90.0 (14.2)b

Waist-to-hip ratio 0.97 (0.07) 0.89 (0.07)b

Total body fat (%) 25.3 (7.4) 37.5 (7.5)b

Trunk fat (%) 30.2 (8.7) 38.7 (8.8)b

Total lean body  
mass (%)

74.7 (7.4) 62.5 (7.5)b

Trunk lean body  
mass (%)

69.8 (8.7) 61.3 (8.8)b

glucose (mmol/l) 5.3 (1.0) 5.1 (0.9)b

Cholesterol (mmol/l) 5.04 (1.10) 5.17 (1.03)b

lDl cholesterol  
(mmol/l)

3.14 (0.88) 3.10 (0.89)

hDl cholesterol  
(mmol/l)

1.21 (0.28) 1.55 (0.38)b

Triacylglycerol  
(mmol/l)

1.50 (1.03) 1.12 (0.67)b

Caloric intake  
(kcal/kg/day)

26.9 (12.7) 28.2 (13.4)

Protein intake  
(g/kg/day)

1.18 (0.79) 1.30 (0.84)b

Carbohydrate intake  
(g/kg/day)

3.80 (1.99) 4.11 (2.17)b

Fat intake (g/kg/day) 0.72 (0.39) 0.73 (0.37)
% Calories from protein 17.0 (4.7) 17.9 (4.6)b

% Calories from  
carbohydrate

55.2 (9.4) 56.4 (9.0)b

% Calories from fat 24.4 (8.3) 23.7 (7.8)
aData presented as mean (sD). Differences between men and women 
assessed using one-way anOVa.
bP , 0.05.
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of the measured body  composition markers remained 
significant (Table 2). This was also true of the posi-
tive association between dietary protein and %LM 
as well as %TLM (P , 0.001), regardless of gender. 

Based on the coefficient of determination value, R2, 
dietary protein alone explained approximately 11% 
of the variance in %BF and 16% of the variation in 
body weight in our cohort.

Figure 1. relationship between body fat percentage (%BF) and dietary protein intake (g/kg/day) among newfoundland men (a; n = 437) and women 
(B; n = 1375). a. r = -0.400, P , 0.001; B. r = -0.326, P , 0.001.
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Dietary protein intake and body 
composition in pre- and  
post-menopausal women
We also sought to explore the relationship between 
dietary protein and menopausal status in women 
(Table 3). Significant negative correlations were 
found between dietary protein (g/kg/day) and weight, 
BMI, waist circumference, waist-to-hip ratio, %BF, 
and %TF in both pre- and post-menopausal women 
(P , 0.001). A significant positive correlation was also 
evident between dietary protein and %LM as well as 
%TLM regardless of menopausal status. When taking 
into account potential confounding factors such as age, 
physical activity levels, and total caloric intake, the cor-
relation coefficients were even greater in all measures.

Dietary protein intake and body 
composition based on smoking status 
and medication use
To further investigate the influence of additional 
covariates, male and female participants were subdi-
vided based on smoking status (Table 4) and medi-
cation use (Table 5). For each subsample, partial 
correlation analyses were conducted controlling for 
confounding factors including age, physical activity 
levels, and total caloric intake. We found that dietary 
protein intake was negatively correlated with all body 
composition markers (weight, BMI, waist circumfer-
ence, waist-to-hip ratio, %BF, and %TF) regardless 
of smoking status and medication use, however the 

degree of association was different between males 
and females as well as smokers vs. non-smokers, and 
medication users vs. non-medication users. A sig-
nificant positive relationship was also found between 
dietary protein intake and %LM as well as %TLM.

Comparison of body composition 
measures in low, medium and high 
protein consuming groups
Lastly, we wanted to investigate the relationship 
between low, medium, and high protein consuming 

Table 2. Partial correlations between dietary protein 
intake (g/kg/day) and body composition variables for 
 newfoundland men and women (n = 1502).a

Variables Men (n = 364) Women (n = 1138)
r r

Weight (kg) -0.399b -0.396b

BMI (m/kg2) -0.349b -0.355b

Waist (cm) -0.393b -0.367b

Waist-to-hip ratio -0.167b -0.127b

Total body fat (%) -0.332b -0.314b

Trunk fat (%) -0.350b -0.301b

Total lean body  
mass (%)

0.332b 0.314b

Trunk lean body  
mass (%)

0.350b 0.301b

aControlled for age, physical activity levels, and total caloric intake.
bP , 0.001.

Table 3. Partial correlations between dietary protein 
intake (g/kg/day) and body composition variables for 
 newfoundland women based on menopausal status 
(n = 1116).a

Variables pre- 
menopausal 
(n = 631)

post- 
menopausal 
(n = 485)

r r
Weight (kg) -0.376b -0.384b

BMI (m/kg2) -0.330b -0.347b

Waist (cm) -0.361b -0.351b

Waist-to-hip ratio -0.135b -0.116b

Total body fat (%) -0.318b -0.286b

Trunk fat (%) -0.290b -0.304b

Total lean body mass (%) 0.318b 0.286b

Trunk lean body 
mass (%)

0.290b 0.304b

aControlled for age, physical activity level, and total caloric intake.
bP , 0.001.

Table 4. Partial correlations between dietary protein intake 
(g/kg/day) and body composition variables based on 
 smoking status (n = 1502).a

Variables Men Women
non- 
smoking 
(n = 323)

smoking 
(n = 41)

non- 
smoking 
(n = 1002)

smoking 
(n = 136)

r r r r
Weight (kg) -0.406b -0.562b -0.416b -0.326b

BMI (kg/m2) -0.347b -0.509b -0.374b -0.299b

Waist (cm) -0.397b -0.597b -0.371b -0.377b

Waist-to- 
hip ratio

-0.157b -0.439b -0.121b -0.196b

%BF -0.336b -0.462b -0.338b -0.220b

%TF -0.351b -0.511b -0.320b -0.218b

%lM 0.336b 0.462b 0.338b 0.220b

%TlM 0.351b 0.511b 0.320b 0.218b

aControlled for age, physical activity level, and total caloric intake.
bP , 0.001.
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groups and markers of body composition. The results 
presented in Table 6 demonstrate that those in the 
highest protein consuming group (top 33.3%) had 
significantly lower weight, BMI, waist circumfer-
ence, %BF and %TF, and significantly higher %LM 
and %TLM compared to medium and low protein 
consumers. After correcting for confounding factors, 
the results remained significant in both males and 
females (P , 0.001). Table 7 shows the differences 
in body composition variables between participants 
in the low and high protein consuming groups as 
well as the percentage of total variation in body com-
position resulting from dietary protein intake alone. 
Between low and high protein groups, the percent-
age of total variation in weight, BMI, %BF, and %TF 
resulting from dietary protein reached 16.2%, 16.2%, 
36.2% and 38.3% respectively for men (P , 0.05), 
and 18.0%, 17.4%, 17.4% and 18.7% respectively 
for women (P , 0.05).

Effect of dietary carbohydrate intake on 
the relationship between protein intake 
and body composition
High protein diets are typically restricted in carbohy-
drates in various clinical weight reduction programs 
and as such, we cannot dismiss the possibility that the 
observed association with body composition is attrib-
utable to restricted carbohydrate intake as opposed 
to increased protein intake. To further address the 
effect of carbohydrate intake on the inverse relation-
ship between dietary protein and body composition, 

we chose to repeat all dietary protein analyses after 
adjustment for carbohydrate intake. All significant 
associations between dietary protein intake and mark-
ers of body composition remained (P , 0.001 for all 
variables measured including weight, waist circum-
ference, waist-to-hip ratio, BMI, %BF, and %TF).

Discussion
The role of macronutrients in the development of obe-
sity has been debated. Currently, a number of popular 
diets exist with varying macronutrient compositions. 
For example, high protein/low carbohydrate diets are 
now becoming quite popular, and this is especially 
true of the recent Atkins diet.27 A number of studies 
have been done to evaluate the effectiveness of these 
diets on weight loss and maintenance with varying 
results.4–6,28 Although some studies have shown that 
energy restricted diets high in protein are more effec-
tive for weight loss and weight maintenance compared 
to diets with a lower protein composition,8–12 others 
have found no differences in weight loss as a result of 
varying protein intake.29 In a recent randomized con-
trolled trial, four calorie-restricted diets varying in 
macronutrient composition resulted in similar weight 
reduction regardless of the proportion of protein, car-
bohydrate or fat.29 Although there is little doubt that 
a calorie-restricted diet will result in weight loss as a 
result of the negative energy balance, less is known 
regarding the beneficial role of dietary protein under 
normal living conditions, without energy restriction, 
in the general population. We have shown, for the 

Table 5. Partial correlations between dietary protein intake (g/kg/day) and body composition variables based on medication 
use (n = 1502).a

Variables Men Women
non-medication user 
(n = 217)

Medication user 
(n = 147)

non-medication user 
(n = 440)

Medication user 
(n = 698)

r r r r
Weight (kg) -0.405b -0.385b -0.409b -0.393b

BMI (kg/m2) -0.348b -0.351b -0.347b -0.363b

Waist (cm) -0.397b -0.388b -0.346b -0.382b

Waist-to-hip ratio -0.161b -0.179b -0.047 -0.168b

%BF -0.308b -0.385b -0.304b -0.330b

%TF -0.331b -0.392b -0.269b -0.330b

%lM 0.308b 0.385b 0.304b 0.330b

%TlM 0.331b 0.392b 0.269b 0.330b

aControlled for age, physical activity level, and total caloric intake.
bP , 0.001.
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first time that higher dietary protein is associated with 
a more favorable body composition profile in a large, 
non-dieting, NL cohort.

The strength of the current study lies in the fact 
that a number of potential confounding factors have 
been controlled for in all analyses. For example, 
menopause is an important factor related to changes 
in body composition as it is usually accompanied 
by dramatic changes in sexual hormones that can 
 predispose women to weight gain and may affect 
macronutrient intake.30 Our results indicate that the 
protein/body composition relationship is evident in 

both pre- and post-menopausal women. Smoking 
status and medication use are potentially important 
covariates as well as both are known to affect appe-
tite and body weight regulation. Almost one quarter 
of subjects in our cohort were self-reported smokers 
and over 50% reported taking medication (includ-
ing multi-vitamin supplements). After separating 
the study sample to account for these covariates, the 
association between protein intake and body compo-
sition remained significant. Lastly, we controlled for 
both total caloric intake and physical activity levels 
in all analyses as body composition is largely deter-
mined by energy intake and expenditure. Even after 
controlling for these factors, the association between 
protein intake and body composition was significant. 
As a result, we provide a convincing argument that 
higher levels of dietary protein lead to lower body fat 
percentage.

The exact mechanisms through which dietary 
protein results in a more favorable body composi-
tion profile are not known. It has been suggested that 
the anorectic gut hormone peptide YY (PYY) likely 
plays a key role in the satiating effect of high protein 
diets as long term exposure to increased dietary pro-
tein results in elevated PYY levels as well as a reduc-
tion in hunger and weight gain.31 This suggests that 
alterations in the macronutrient composition of our 
diet may modulate the release of specific endogenous 
satiety factors, such as PYY, and therefore provide 
a potential treatment for weight gain and obesity.31 
Other plausible meachanisms also exist. For example, 
the type of protein consumed may play a role in its 
satiating effects. It has been demonstrated that meals 
containing lactalbumin (a high-tryptophan compound 
found in whey or milk) suppress hunger more so than 
meals containing gelatin or gelatin plus trypotphan.32 

As well, glycomacropeptide (GMP; a casein-derived 
whey protein) results in increased satiety compared to 
whey without GMP.33 Moreover, the response of appe-
tite regulatory hormones, such as ghrelin, GLP-1, and 
cholecystokinin, to various types of dietary protein 
is different among normal weight, over weight and 
obese individuals suggesting that body composition 
itself may be an important factor related to the benefi-
cial effects of dietary protein on satiety.34 In addition, 
a recent study has shown that a high protein meal at 
breakfast has greater effects on satiety compared to 

Table 6. Body composition measurements among low, 
medium and high dietary protein consuming participants 
(n = 1502).a

Variablesb protein group 
(g/kg × day)b

Men 
(n = 364)

Women 
(n = 1138)

Weight (kg) l 91.0 (14.6) 74.7 (16.0)
M 85.2 (13.0) 68.7 (11.9)
h 78.3 (12.0) 63.3 (10.0)

P value ,0.001 ,0.001
Waist (cm) l 103.8 (13.1) 95.8 (15.6)

M 97.9 (11.1) 90.2 (13.3)
h 90.6 (10.1) 84.4 (10.9)

P value ,0.001 ,0.001
BMI (kg/m2) l 29.4 (4.5) 28.4 (5.9)

M 27.7 (4.0) 26.1 (4.5)
h 25.3 (3.7) 24.2 (3.9)

P value ,0.001 ,0.001
%BF l 28.6 (6.5) 40.4 (7.0)

M 26.4 (6.3) 37.8 (7.0)
h 21.0 (7.7) 34.4 (7.6)

P value ,0.001 ,0.001
%TF l 34.3 (6.7) 41.9 (8.1)

M 31.7 (7.1) 39.1 (8.2)
h 24.8 (9.6) 35.3 (9.0)

P value ,0.001 ,0.001
%lM l 71.4 (6.5) 59.6 (7.0)

M 73.8 (6.3) 62.2 (7.0)
h 79.0 (7.7) 65.6 (7.6)

P value ,0.001 ,0.001
%TlM l 65.7 (6.7) 58.1 (8.1)

M 68.2 (7.1) 60.9 (8.2)
h 75.2 (9.6) 64.7 (9.0)

P value ,0.001 ,0.001
aData are presented as mean (SD). Significance differences between 
groups assessed using anCOVa. Using this model, each body composition 
measurement was the dependent variable and protein consuming group 
as the fixed factor. Covariates included in this model were age, physical 
activity level, and caloric intake. b%BF, body fat percentage; %TF, trunk 
fat percentage; %lM, % lean body mass percentage; %TlM, trunk lean 
mass percentage; l, low protein group (bottom 33.3%); M, medium 
protein group (middle 33.3%); h, high protein group (top 33.3%).
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meals consumed at other times during the day indi-
cating that timing may also be important.35 It is clear 
from these studies that the issue of dietary protein 
intake is a very complicated one. It is necessary to 
address this problem using total dietary protein intake 
at the population level as we did in this study, and 
this is likely the only practical approach at the present 
time.

The recommended dietary allowance for protein in 
Canada is 46 g/day for women and 56 g/day for men 
or 0.86 g/kg/day.18 These recommendations are in 
place to prevent protein deficiency as a result of nitro-
gen loss from the body due to natural cell death or 
through normal metabolic processes such as ammo-
nia detoxification and urea production. As such, these 
values represent the minimum daily protein require-
ment to maintain normal physiological function. So 
far, there is little data available regarding the relation-
ship between dietary protein and %BF in a population 
with adequate protein intake. Our results suggest that 
increasing dietary protein to exceed the minimum 
requirements may be a plausible way to achieve a 
desirable body composition profile.

Although we provide convincing results regard-
ing the beneficial effect of protein in the diet, our 
study is not without limitations. The use of the 
 Willett FFQ for the assessment of dietary intake 
patterns is one potential limitation. FFQs may 
have inherent measurement error or bias from 
under- reporting or possible over-reporting of some 
food items, however, this questionnaire has been 
repeatedly validated in the literature. It is the most 
 frequently used questionnaire for the assessment of 
dietary intake at the population level and has been 

 successfully used in a number of studies in the Cana-
dian population.36–38 Thus, we considered the Willett 
FFQ to be a reasonable method for the assessment 
of dietary intake  patterns in this population-based 
study. Furthermore, it would be beneficial to divide 
our cohort according to specific medications used, 
however due to the vast number of medications 
consumed by our subjects (including vitamins and 
supplements) it is just not feasible to divide them 
into treatment groups. Doing this would decrease 
the sample size of each group drastically and reduce 
statistical power.

We have shown, for the first time that dietary pro-
tein is inversely associated with the whole spectrum 
of body composition measurements determined by 
DXA (%BF and %TF) as well as conventional obesity 
markers such as weight, BMI, waist circumference, 
and waist-to-hip ratio in a free-living, non-dieting 
population. In addition, we found a significant dif-
ference in weight and BMI between low and high 
protein consuming groups. Moreover, this favorable 
association between dietary protein and body compo-
sition was independent of age, gender, physical activ-
ity levels, total caloric intake, carbohydrate intake, 
smoking status, medication use and menopausal 
status at the population level. In our cohort, dietary 
protein was able to explain 11% of the variation in 
%BF in participants. This suggests that it may be pos-
sible to achieve a more favorable body composition 
by increasing the amount of protein in the diet, even 
in the absence of energy restriction. Therefore, an 
adequate increase in dietary protein is a potential rec-
ommendation for the general population to improve 
overall body composition.

Table 7. Differences in body composition variables between low and high dietary protein consuming groups.a

Variables Men (n = 364) percentage of 
total variationb

Women 
(n = 1138)

percentage of 
total variationb

Weight (kg) -2.7 (1.7) 16.2% -11.4 (0.9) 18.0%
Waist (cm) -13.2 (1.5) 14.6% -11.4 (1.0) 13.5%
BMI (kg/m2) -4.1 (0.5) 16.2% -4.2 (0.3) 17.4%
%BF -7.6 (0.9) 36.2% -6.0 (0.5) 17.4%
%TF -9.5 (1.0) 38.3% -6.6 (0.6) 18.7%
%lM 7.6 (0.9) 9.6% 6.0 (0.5) 9.1%
%TlM 9.5 (1.0) 12.6% 6.6 (0.6) 10.2%
aData expressed as mean (SE).
bCalculated based on Table 6 values using equation: (l-h)/h × 100%.
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