
The Journal of Nutrition

Nutrition and Disease

Higher Total Protein Intake and Change in Total
Protein Intake Affect Body Composition but Not
Metabolic Syndrome Indexes in Middle-Aged
Overweight and Obese Adults Who Perform
Resistance andAerobic Exercise for 36Weeks1–3

Wayne W Campbell,* Jung Eun Kim, Akua F Amankwaah, Susannah L Gordon,
and Eileen M Weinheimer-Haus

Department of Nutrition Science, Purdue University, West Lafayette, IN

Abstract

Background: Studies assessing the effects of protein supplementation on changes in body composition (BC) and health

rarely consider the impact of total protein intake (TPro) or the change in TPro (CTPro) from participants� usual diets.

Objective: This secondary data analysis assessed the impact of TPro and CTPro on changes in BC and metabolic

syndrome (MetS) indexes in overweight and obese middle-aged adults who participated in an exercise training program.

Methods: Men and women [n = 117; age: 50 6 0.7 y, body mass index (BMI; in kg/m2): 30.1 6 0.3; means 6 SEs]

performed resistance exercise 2 d/wk and aerobic exercise 1 d/wk and consumed an unrestricted diet along with 200-kcal

supplements (0, 10, 20, or 30 g whey protein) twice daily for 36 wk. Protein intake was assessed via 4-d food records.

Multiple linear regression model and stratified analysis were applied for data analyses.

Results:Amongall subjects, TProandCTProwere inversely associated (P<0.05)with changes in bodymass, fatmass (FM), andBMI.

Changes in BCwere different (P < 0.05) among groups that consumed <1.0 (n= 43) vs.$1.0 to <1.2 (n = 29) vs.$1.2 g � kg21 � d21

(n = 45). The TPro group with$1.0 to <1.2 g � kg21 � d21 reduced FM and%FM and increased percentage of LM (%LM) compared

with the lowest TPro group, whereas the TPro group with$1.2 g � kg21 � d21 presented intermediate responses on changes in FM,

%FM, and%LM. The gain in LMwas not different among groups. In addition, MetS indexes were not influenced by TPro and CTPro.

Conclusions: In conjunction with exercise training, higher TPro promoted positive changes in BC but not in MetS indexes

in overweight and obese middle-aged adults. Changes in TPro from before to during the intervention also influenced BC

responses and should be considered in future research when different TPro is achieved via diet or supplements. This trial

was registered at clinicaltrials.gov as NCT00812409. J Nutr 2015;145:2076–83.
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Introduction

Obesity is a prevalent disorder in the United States, resulting in
a negative shift in body composition (BC)4 and the accumu-

lation of body fat (1, 2) which increase the risk of developing
health morbidities that comprise the metabolic syndrome
(MetS), a cluster of abnormalities related to cardiovascular
disease and type 2 diabetes mellitus (3, 4). Exercise and
nutrition strategies are currently viewed as effective and
practical means to help reduce the risk of chronic disease
associated with obesity (5). Particularly, the interaction of
exercise training with higher protein intake may be an important
determinant of changes in musculoskeletal and metabolic
health status (6, 7).

4 Abbreviations used: BC, body composition; BM, body mass; CTPro, change in

total protein intake; FM, fat mass; LM, lean mass; MetS, metabolic syndrome;

RCT, randomized controlled trial; REE, resting energy expenditure; TPro, total

protein intake.
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Exercise training is a potent stimulator of muscle protein
synthesis and promotes muscle hypertrophy (6, 8) and decreased
fat mass (FM) (9, 10), especially when combined with higher
dietary protein or essential amino acid intakes. Consumption of
whey protein supplements within the context of normal eating
patterns (11–13) can be an effective way to increase total protein
intake (TPro), but results from investigations that examine the
impact of whey protein supplementation (12–14) and TPro (15–
17) on exercise training-induced changes in BC are equivocal.

Our research group conducted a prospective randomized
controlled trial (RCT) that investigated the impact of isoener-
getic supplements with various amounts of whey protein (0, 20,
40, 60 g/d) on BC and MetS indexes after a 36-wk period of
exercise training (13). Whey protein supplementation did not
influence the responses to exercise training. However, in general,
studies designed to assess the effects of protein supplementation
on BC changes rarely consider the impact of TPro and especially
changes in TPro (CTPro; during vs. before intervention) from
participants� usual diets. Habitual TPro of;0.8–1.0 g � kg21 � d21

will permit gains in leanmass (LM) and strength and decrease FM
with exercise training in middle-aged (17) and older adults (18,
19). Evidence is mounting that higher TPro will promote exercise
training-induced BC changes (17, 20), but the optimum TPro
during training is not established (21, 22). In addition, most
research findings are from relatively short-term (#16 wk)
interventions (9, 23–25).

The primary aim of this secondary data analysis was to
assess the moderating influence of TPro and CTPro on
exercise-induced changes in BC and MetS indexes with the use of
data from the original RCT (13). We conducted this assessment
from 3 perspectives for protein intake as follows: 1) TPro as a
continuous variable with the use of a multiple linear regression
model; 2) CTPro during the intervention vs. each subject�s usual
protein intake (postintervention value minus preintervention
value) with the use of multiple linear regression; and 3) TPro as a
categorical variable, <1.0, $1.0 to <1.2, and $1.2 g � kg21 � d21,
using a stratified analysis approach. We hypothesized that higher
TPro, expressed as a continuous or categorical variable, would
enhance the training-induced reduction of FM and gain of LM
but not influence responses of MetS indexes. In addition, we
speculated that the BC responses over time would be influenced
by the amount of TPro each subject consumed before the study
started and that the magnitude of the CTPro would relate to the
changes in BC. Specifically, subjects who increased TPro more
would experience greater FM loss and LM gain.

Methods

Subjects. Overweight and obese middle-aged men and women were

recruited from the greater Lafayette/West Lafayette, Indiana area. Study
participation was based on the following inclusion criteria: age 35–65 y;

body mass (BM) <300 lb (136 kg); BMI (in kg/m2) of 26–35; blood

pressure <160/100 mm Hg; fasting plasma glucose <110 mg/dL; total
cholesterol <260mg/dL; LDL cholesterol <160mg/dL; andTGs <400mg/dL;

no preexisting kidney or liver conditions; not currently or within the past

6 mo consuming a weight loss diet or other special/nonbalanced diet; no

weight loss/gain ($4.5 kg) within the past 6 mo; and <2 h/wk of habitual
resistance or aerobic exercise training in the past 6 mo. The Purdue

University Institutional Review Board approved the study protocol, and

all subjects provided written informed consent and received monetary

compensation for participating.

Experimental design. This study was a double-blind, placebo-

controlled, community-based 36-wk intervention (13). After completing

a 1-wk baseline period (week 0), subjects were randomly assigned to 1 of

4 groups and were instructed to consume the assigned dietary supple-

ments. All subjects performed resistance exercise 2 d/wk and aerobic

exercise 1 d/wk for 36 wk. Measurements taken before and at the end of
intervention (week 36) were included in the present analyses. Subjects

had to complete valid 4-d food records before and after the intervention

for their data to be included in this secondary data analysis. Of the 188

subjects who completed the intervention, data from 117 subjects were
used (Figure 1).

Whey protein supplementation. During the intervention, each

subject was instructed to consume supplements with 200 kcal and 0,
10, 20, or 30 g whey protein twice daily with breakfast and lunch.

Daily whey protein intakes were 0, 20, 40 and 60 g/d, respectively.

Supplements were manufactured and provided by DH Business
Consulting. Subjects were told that the supplements provided 400 kcal

energy/d but were not counseled to purposefully alter their usual eating

behaviors.

Dietary intake assessment. Four-day food records completed at weeks

0 and 36 were used to estimate daily energy, protein, carbohydrate, and

fat intakes and the CTPro (postintervention value 2 preintervention

value) (Nutritionist Pro; First DataBank version 1.3.36). For descriptive
and analytical purposes, the dietary data obtained after the intervention

was presumed to reflect each subject�s dietary intakes throughout the

intervention. The age- and sex-specific Schofield equations (27) were
used to estimate resting energy expenditure (REE) for the purpose of

validating the food records (13). Food records were considered valid if

they fell within the previously established lower and upper 95% CIs

(energy intake, REE cutoffs 95% CI: 1.02, 2.35) (28).

Exercise training and testing. Each subject was provided a member-

ship to use at 1 of 5 local fitness facilities in the Lafayette/West Lafayette,

Indiana area. During baseline, a fitness instructor acclimated subjects to
the resistance and aerobic exercise equipment and procedures.

On 2 nonconsecutive days per week subjects completed resistance

exercise in which 3 sets of 8–10 repetitions were performed, as

previously described (29, 30). The following resistance exercises were
performed during the first session of each week: chest press, arm pull

down, seated leg press, and bicep curl. During the second resistance

exercise session of each week, the remaining resistance exercises were
performed: shoulder press, leg extension, leg curl, triceps extension, and

abdominal crunch. Each exercise session included a 10-min warm-up

and a 10-min cool-down period with the use of a treadmill, stationary

bike, recumbent bike, or elliptical trainer.
On 1 d/wk, subjects completed a 60-min aerobic exercise session with

the use of a treadmill, stationary bike, recumbent bike, or elliptical

trainer. The initial prescribed intensity was 50% of estimated maximal

heart rate and gradually increased to 70% at week 4 and through the end
of the study as previously described (13). Maximum oxygen consump-

tion was estimated with the submaximum modified Bruce protocol (31).

Subjects walked on a treadmill at various inclines and speeds until
reaching 85% of their estimatedmaximum heart rate.Maximum oxygen

uptake capacity (in mL O2 � kg21 � min21) was estimated with the

American College of Sports Medicine guidelines (31).

Study compliance. Study participants completed self-reported dietary

supplement consumption logs daily and exercise training logs after each

exercise session. On the basis of the supplement and exercise training

FIGURE 1 Consort flow diagram.
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logs provided, participants were classified into 3 compliance categories

for supplementation (<50%, 50–79%, and $80% of supplements

consumed) and exercise training (<70%, 70–89%, and $90% of
sessions completed) (13).

Anthropometrics and BC. Subjects self-measured and -recorded

their BM biweekly during the 36-wk intervention. These BM

measurements were made on site at the Purdue University Clinical

Research Center without regard to fasting or fed state. Waist
circumference was measured in the standing position at the

narrowest area between the lateral lower rib and the iliac crest in

triplicate, and the mean value was reported. Fasting state BM, FM,

and LM were measured every 9 wk with the use of the BOD POD
Gold Standard Body Composition Tracking System (COSMED USA,

Inc.), and the ratio of LM to FM (LM:FM) was calculated by dividing

LM by FM. Fasting state whole and regional (arms, legs, trunk,
android, and gynoid) BM, FM, and LM were also determined before

and after the intervention with the use of DXA (LUNAR iDXA Lunar

enCORE version 11.2; GE Medical Systems). Percentages of LM and

FM were calculated by dividing LM and FM by BM and multiplying
each ratio by 100.

Technically, the air displacement plethysmography (BOD POD)

technique measures FM and fat free-mass which includes water, protein,

and both bone and nonbone mineral (32), whereas DXA measures FM,
LM, and bone mineral (33). The fat free-mass and LM compartments

measured by BOD POD and DXA, respectively, are comparable in

overweight and obese adults (34–36), and for clarity and descriptive

purposes we used the term LM throughout the study.

MetS-related blood profiles and blood pressures. Blood samples
were collected in the fasting state before and after the intervention into

tubes that contained a clot activator to obtain serum or sodium heparin

to obtain plasma (BD Vacutainer Brand; Becton Dickinson). Serum tubes
were sent to Mid America Clinical Laboratories, and total cholesterol,

HDL cholesterol, and TGs were measured by photometric assays

(Chemistry Immuno Analyzer AU5700; Olympus). LDL cholesterol was

calculated with the Friedewald equation (37). Plasma tubes were
centrifuged at 4�C for 10 min at 3000 3 g, and aliquots were stored at

280�C until thawed for glucose and insulin analyses. Plasma glucose and

insulin concentrations were measured in duplicate by enzymatic color-

imetry with the use of an oxidase method on a COBAS Integra 400
analyzer (Roche Diagnostic Systems) and measured by an electro-

chemiluminescence immunoassay method on the Elecsys 2010 analyzer

(Roche Diagnostic Systems), respectively. The HOMA-IR and whole-
body (composite) insulin sensitivity index were calculated as previously

described (38, 39).

Both systolic and diastolic blood pressures were measured in

duplicate with the use of an automated sphygmomanometer (Advantage
6014 Advanced Blood Pressure Monitor; American Diagnostic Corpo-

ration) after the subject rested in a sitting position for 15 min.

Appetite. Subjects completed visual analog questionnaires that assessed

hunger, fullness, and desire to eat every waking hour for 4 d before and

after the intervention. Daily hunger, fullness, and desire to eat total
AUCs were calculated (40). The questionnaire had a 13-point numerical

rating scale (arbitrary units) with the left anchor of 1 to mean not at all

and the right anchor of 13 to mean extremely (41).

REE. Subjects reported to the laboratory after a 10-h overnight fast and

rested 30 min to acclimate to the room environment. An indirect

calorimeter was used to measure REE for the next 30 min (MedGraphics

Cardiopulmonary Diagnostics Systems; MedGraphics Corporation).
The first 10 min of data were excluded because it was considered an

adjustment period.

Statistical analysis. A multiple linear regression model was used to

assess the association between TPro during intervention and changes in

whole and regional BC, appetite, REE, and MetS indexes (i.e., the

dependent variables). Estimates that indicated the association between
TPro and those change values were adjusted for age, sex, total

carbohydrate and fat intakes during the intervention, and preinterven-

tion values of the dependent variables, as appropriate. The multiple

linear regression model used to assess the association between CTPro
and these dependent variables was adjusted for age, sex, preintervention

values of the dependent variables, preintervention TPro, and changes in

carbohydrate and fat intakes.

Data analyses were conducted to assess the impact of consuming <1.0
vs. $1.0 to <1.2 vs. $1.2 g � kg21 � d21 TPro on changes in the dependent

variables [n = 117; <1.0 (n =43),$1.0 to <1.2 (n= 29), and$1.2 g � kg21 � d21

(n = 45)]. Repeated-measures ANOVA was used to determine the main

effects of time and TPro and time-by-TPro interactions. One-factor
ANOVA with post hoc Tukey test was applied to examine differences in

changes over time among the TPro groups for the dependent variables. In

addition, those change values were adjusted for age, sex, total carbohy-
drate and fat intakes during the intervention, and preintervention variable

values. Paired t tests were also used to compare differences frombefore the

intervention.

We also investigated whether a participants� preintervention TPro
influenced the responses over time. We ran a model that stratified the

CTPro effect on the basis of TPro effect. We did not find any differences;

the CTPro effect was consistent across TPro amounts. Standard diagnostic

checks were used to assess the fit of the model. Specifically, the residuals
were examined to assess the assumptions of independence, constant

variance, and normal distribution. Leverage and influential observations

were also investigated. All analyses were performed with SAS version 9.2
and R version 2.14.1 (SAS Institute Inc.). Diagnostic checks were used to

assess the assumption that each protein intake group was approximately

normally distributed. Data are presented as means6 SEs, unless otherwise

noted, and statistical significance was accepted at P < 0.05. For clarity, the
effects of TPro during the intervention and the CTPro from before the

intervention are described separately in the section below.

Results

Before the intervention, the characteristics of the 117 subjects
were as follows: BM (87.7 6 1.1 kg), BMI (30.1 6 0.3), %FM
(40.2%6 0.6%), and age (506 0.7 y).MeanTPro before and after
the intervention were 1.036 0.02 and 1.186 0.03 g � kg21 � d21,
respectively, and mean CTPro was 0.15 6 0.04 g � kg21 � d21

during the intervention. As expected, the CTProwas highly variable
among subjects, ranging from20.87 to 1.21 g � kg21 � d21, because
the subjects consumed supplements with different amounts of
whey protein and self-chose how to adjust their usual diets to
compensate for the 400 kcal/d from the supplements. Mean
total carbohydrate intakes before and after the intervention
were 3.12 6 0.08 and 3.37 6 0.08 g � kg21 � d21, respectively,
and mean change in total carbohydrate intakes was 0.25 6
0.09 g � kg21 � d21 during the intervention. Mean total fat intakes
before and after the intervention were 1.02 6 0.03 and 0.92 6
0.02 g � kg21 � d21, respectively, and mean change in total fat
intakes was 20.10 6 0.03 g � kg21 � d21 during the intervention.
Among all subjects, the TPro during the intervention period was
not correlated with total carbohydrate and fat intakes during the
intervention. However, CTPro was positively related to change
in fat intake (r = 0.51, P < 0.0001) but not related to change in
carbohydrate intake (r = 0.11, P = 0.23).

During the first half of the study (before the intervention to
18 wk), 95% of the participants consumed $50% of the supple-
ments and 98% completed 70% of the exercise sessions (Supple-
mental Table 1). During the second half of the study (19 wk to after
the intervention), 92% of the participants consumed $50% of the
supplements and 93% completed 70% of the exercise sessions.

Findings based on multiple linear regressions
Whole and regional BC. Among all subjects, both TPro and
CTPro were inversely associated with changes in BM, FM, and
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BMI, but they were not associated with a change in LM. Although
TPro was not associated with changes in %FM and %LM,
CTPro was negatively associated with change in %FM and
positively associated with change in %LM (Table 1). Compa-
rable results were observed for regional (arms, legs, trunk,
android, and gynoid) BM, FM, %FM, LM, and %LM changes
(Supplemental Table 2).

Appetite and REE. Both TPro and CTPro were not associated
with changes of hunger, fullness, and desire to eat (Table 1). In
addition, no associations were observed between TPro and

change of REE and CTPro and change of REE, respectively
(Table 1).

MetS-related health profiles. No associations were observed
between TPro and changes in MetS indexes, including waist
circumference, glucose, TGs, HDL cholesterol, and systolic and
diastolic blood pressures, and changes in MetS-related indexes
(total cholesterol, LDL cholesterol, insulin, HOMA-IR, and
insulin sensitivity index) (Table 2). Comparable results were
observed between CTPro and changes of MetS indexes and
MetS-related indexes.

TABLE 1 Impact of TPro and CTPro on the changes in whole-body composition, appetite, and REE after
a 36-wk exercise training intervention1

Response

TPro, g � kg21 � d21 CTPro, g � kg21 � d21

b2 (95% CI) P b3 (95% CI) P

Body composition

Δ Body mass, kg 22.80 (24.82, 20.79) 0.007 23.36 (25.25, 21.46) 0.001

Δ FM, kg 22.06 (23.80, 20.32) 0.021 22.62 (24.21, 21.02) 0.002

Δ %FM 21.06 (22.26, 0.14) 0.08 21.52 (22.61, 20.42) 0.007

Δ LM, kg 20.69 (21.44, 0.05) 0.07 20.69 (21.40, 0.02) 0.06

Δ %LM 0.98 (20.17, 2.13) 0.09 1.41 (0.36, 2.45) 0.009

Δ BMI, kg/m2 20.97 (21.69, 20.26) 0.008 21.18 (21.85, 20.51) 0.001

Appetite

Δ AUC hunger, AU 3 11 h 20.61 (21.44, 0.21) 0.15 20.55 (21.33, 0.23) 0.17

Δ AUC fullness, AU 3 11 h 0.24 (20.45, 0.94) 0.49 0.33 (20.32, 0.97) 0.32

Δ AUC desire to eat, AU 3 11 h 20.58 (21.44, 0.27) 0.18 20.56 (21.36, 0.23) 0.16

REE

Δ REE, kcal/kg 1.18 (21.92, 4.27) 0.45 0.47 (22.35, 3.29) 0.74

1 n = 117. AU, arbitrary unit; CTPro, change in total protein intake (postintervention value 2 preintervention value); FM, fat mass; LM, lean

mass; REE, resting energy expenditure; TPro, total protein intake.
2 Estimates of adjusted regression coefficient between TPro with changes in body composition, appetite, and REE. All estimates are

adjusted for age, sex, preintervention variable values, and total carbohydrate and fat intakes during the intervention.
3 Estimates of adjusted regression coefficient between CTPro with changes in body composition, appetite, and REE. All estimates are

adjusted for age, sex, preintervention variable values, changes in carbohydrate and fat intakes, and preintervention TPro.

TABLE 2 Impact of TPro and CTPro on the changes in MetS-related health profiles after a 36-wk
exercise training intervention1

Response

TPro, g � kg21 � d21 CTPro, g � kg21 � d21

b2 (95% CI) P b3 (95% CI) P

MetS indexes

Δ Waist circumference, cm 0.67 (22.04, 3.37) 0.63 0.65 (21.92, 3.22) 0.62

Δ Glucose, mg/dL 3.70 (20.41, 7.81) 0.08 3.10 (20.78, 6.98) 0.12

Δ TG, mg/dL 28.42 (248.4, 31.6) 0.68 26.74 (244.2, 30.7) 0.72

Δ HDL cholesterol, mg/dL 2.10 (22.47, 6.68) 0.64 2.63 (21.75, 7.01) 0.24

Δ Systolic BP, mm Hg 20.89 (29.33, 7.55) 0.84 0.72 (27.12, 8.56) 0.86

Δ Diastolic BP, mm Hg 20.73 (25.83, 4.37) 0.78 20.65 (25.43, 4.14) 0.79

MetS-related indexes

Δ Total cholesterol, mg/dL 7.20 (25.14, 19.5) 0.25 5.30 (26.42, 17.0) 0.37

Δ LDL cholesterol, mg/dL 8.92 (21.93, 19.8) 0.11 6.87 (23.31, 17.0) 0.18

Δ Insulin, μU/mL 22.01 (26.40, 2.39) 0.37 21.14 (25.32, 3.04) 0.59

Δ HOMA-IR 20.38 (21.14, 0.98) 0.58 20.14 (21.43, 1.15) 0.83

Δ Insulin sensitivity index 0.86 (20.99, 2.72) 0.36 1.40 (20.34, 3.14) 0.11

1 n = 117. BP, blood pressure; CTPro, change in total protein intake (postintervention value 2 preintervention value); MetS, metabolic

syndrome; TPro, total protein intake.
2 Estimates of adjusted regression coefficient between TPro with changes in MetS indexes and MetS-related indexes. All estimates are

adjusted for age, sex, preintervention variable values, and total carbohydrate and fat intakes during the intervention.
3 Estimates of adjusted regression coefficient between CTPro with changes in MetS indexes and MetS-related indexes. All estimates are

adjusted for age, sex, preintervention variable values, changes in carbohydrate and fat intakes, and preintervention TPro.
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Findings based on stratified analyses
Whole and regional BC. Over time, BM increased in the group
that consumed <1.0 g � kg21 � d21 and was unchanged in the
groups that consumed$1.0 to <1.2 and$1.2 g � kg21 � d21. This
TPro-dependent response was supported by BM data measured
biweekly (Supplemental Figure 1), quarterly (Figure 2), and
before and after the intervention (Figure 3 and Supplemental
Table 3). TPro influenced changes over time in FM and LM:FM
measured with plethysmography (Figure 2) and FM, %FM, and
%LMmeasured with DXA (Figure 3 and Supplemental Table 3).
Specifically, FM, LM:FM,%FM, and%LMwere not changed in
the <1.0 g � kg21 � d21 protein group, whereas FM and %FM
decreased and LM:FM and %LM increased in the $1.0 to <1.2
and $1.2 g � kg21 � d21 protein groups (Figures 2 and 3 and
Supplemental Table 3). All 3 groups increased LM, independent
of TPro (Figures 2 and 3 and Supplemental Table 3). Compa-
rable results were observed for trunk and android regional BM,
FM, %FM, LM, and %LM changes (Supplemental Table 4).

Appetite and REE. Comparedwith baseline, daily hunger and desire
to eat were lower in the highest TPro group ($1.2 g � kg21 � d21)
but unchanged in the other 2 groups (P < 0.05) (Supplemental
Table 3). Daily fullness was not changed over time or influenced
by TPro. REE increased over time and was not statistically
influenced by TPro (Supplemental Table 3).

MetS-related health profiles. Plasma glucose was increased
over time in the highest TPro group ($1.2 g � kg21 � d21), but no
changes were found in the other 2 groups (Supplemental Table
5). Except plasma glucose, MetS indexes, and MetS-related
indexes were not changed over time and not influenced by TPro.

Discussion

The primary finding from this secondary data analysis was that
higher TPro during exercise training was associated with
improvements in whole and regional BC as assessed with
multiple linear regression analysis. Findings from the stratified
analysis indicated that FM and %FM decreased and %LM
increased in the groups that consumed $1.0 g � kg21 � d21 TPro
but not the group that consumed <1.0 g � kg21 � d21 TPro. These
BC changes were comparable in the groups that consumed$1.0
to <1.2 and$1.2 g � kg21 � d21, respectively. The observations of
the association between TPro and BC changes from the present
secondary data analyses are consistent with what we initially
hypothesized for the original prospective RCT (13). We
expected whey protein supplementation to enhance BC im-
provements in middle-aged overweight and obese adults over a
36-wk period of aerobic and resistance exercise training.
However, whey protein supplementation apparently did not
influence changes in LM and FM (13).

The contrasting outcomes from the original RCT and the
present secondary analyses may be due to the different
independent variables (TPro vs. whey protein, respectively). In
addition, unlike the present study, the original study did not

FIGURE 2 Baseline corrected changes in BM (A), FM (B), LM (C),

and LM:FM (D) every 9 wk during a 36-wk exercise training

intervention among groups who consumed ,1.0 (n = 43), $1.0 to

,1.2 (n = 29), and$1.2 (n = 45) g � kg21 � d21. Results are reported as

means 6 SEs. Analyses are adjusted for age, sex, preintervention

variable values, and total carbohydrate and fat intakes during the

intervention. *Different from zero, P , 0.05 (i.e., the change from

before to after the intervention is significant). Values without a

common letter are significantly different, P , 0.05. BM, body mass;

FM, fat mass; LM, lean mass; LM:FM, ratio of LM to FM.
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consider other components of diet (e.g., carbohydrate and fat
intakes) or other sources of dietary protein. We also applied
stricter study population criteria for this secondary data anal-
ysis. Of the 188 individuals who completed the original study,
we extracted data from 117 individuals who provided validated
4-d food records (28) at weeks 0 and 36. It is generally
acknowledged that accurate measurements of dietary intake via
food records is difficult to accomplish in studies of human
nutrition and health (28). Applying most plausible food records
is important for the present study because we observed study
participants� TPro, including their habitual intake. Collectively,
these study design and data processing issues underscore the
likely inappropriateness of comparing the results of the present
study with results from the original RCT.

Our finding that higher TPro was inversely associated with
FM and %FM during the 36-wk intervention is consistent with
results from a recent meta-analysis (weighted mean difference:
20.11 kg; 95% CI: 20.50, 0.29 kg) (20) and a RCT that
provided higher TPro (80 vs. 59 g/d) and habitual physical
activity during the 3-mo intervention (42). In this RCT, the
higher TPro group lost both FM and %FM compared with the
control group (20.6 vs 0.1 kg; 21.0% vs. 0.1%, respectively),
and linear regression also showed negative relations between
daily TPro and FM and %FM. Dietary TPro-induced increases
in whole-body energy expenditure, including REE and thermic
effect of feeding, are often cited to help explain the benefit of
higher TPro on changes in FM (43–45). Although REE was
increased over time in the present study, TPro intake apparently
did not influence this response, consistent with past research
(46). Higher TPro may also cause greater postprandial energy
expenditure (i.e., thermic effect of feeding) (43, 44, 47), but this
variable was not measured in the present study. Thus, further
study is needed to gain a better understanding of the long-term
effect of higher protein intake in combination with exercise
training on postprandial energy expenditure. Although we did
not observe an association between TPro and LM change in the
present study, higher TPro was positively associated with change
in %LM. These results reflect the greater FM loss vs. LM loss
with higher TPro and are generally consistent with previous
research which reported increased ratio of LM to BM after
higher TPro in combination with exercise training due to no
change in LM but a decrease in FM (48).

To better understand the impact of TPro on exercise-induced
changes in BC and MetS indexes, we also stratified our subjects
into 3 TPro groups <1.0, $1.0 to <1.2, and $1.2 g � kg21 � d21,
respectively. The TPro value of 1.0 g � kg21 � d21 was chosen

according to previous retrospective regression analysis of data
from 106 men and women age 50–80 y who participated in
dietary protein intake and resistance training studies (22). When
TPro was regressed with resistance training-induced changes in
whole-body LM, the regression line crossed the line of neutrality
(no change in LM) at a TPro of;1.0 g � kg21 � d21. Results from
the present stratified analysis that groups of subjects who
consumed $1.0 g � kg21 � d21 presented BM maintenance with
greater reductions in FM and % FM and an increase in % LM
and LM:FM observed by biweekly BM records and multiple BC
assessments with the use of independent methods support
consuming more than this amount of TPro during exercise
training (22, 49, 50). However, note that the apparently positive
impact of higher TPro intake on FM was not observed for LM;
all groups gained comparable LM over time. This result is
consistent with other prospective trials that have shown little
impact of higher protein intake on exercise-induced LM change
in middle-aged adults (23, 24, 51). Another noteworthy obser-
vation is that no additional effects were observed on BC changes
between groups that consumed$1.0 to <1.2 and$1.2 g � kg21 � d21,
respectively. Consistent with previous findings (23, 24), these
results suggest that consuming $1.2 g � kg21 � d21 may not
augment the improvement in BC during exercise training in
middle-aged overweight and obese adults. Comparable asso-
ciations were observed between regional (arms, legs, trunk,
android, and gynoid) BC changes and TPro. However,
consumption of diets that contained moderately higher
protein did not differentially affect regional BC response to
resistance training in older people (19). Limited research
exists; thus, further clinical trials are required to assess the
impact dietary protein intake on regional BC changes during
exercise training.

Although higher TPro improved BM and BC responses over
time with exercise training, it did not influence MetS responses.
Dynamic changes in BC are recognized as an important
determinant for risk of MetS (52), and it is suggested that
improvement in BC may decrease the risk of MetS (53, 54). In
addition, %BF or regional fat distribution, abdominal fat in
particular, makes an important contribution to metabolic
abnormalities (53, 55). To date, limited data exist on the
impacts of TPro with exercise training on MetS indexes, and
relevant studies generally applied hypoenergetic diets to induce
weight loss in overweight and obese adults (56–58). Although
weight loss improved someMetS indexes, TPro did not influence
these responses. Similarly, high protein intake (;40% of energy
intake from dietary protein) vs. moderate protein intake (;25%

FIGURE 3 The changes in BM, FM,

LM, %FM, and %LM throughout the 36-

wk intervention among groups who con-

sumed ,1.0 (n = 43), $1.0 to ,1.2 (n =

29), and $1.2 (n = 45) g � kg21 � d21.

Results are reported as means 6 SEs.

Analyses are adjusted for age, sex,

preintervention variable values, and total

carbohydrate and fat intakes during the

intervention. *Different from zero, P ,
0.05 (i.e., the change from before to after

the intervention is significant). Values

without a common letter are significantly

different, P , 0.05. BM, body mass; FM,

fat mass; LM, lean mass; LM:FM, ratio of

LM to FM.

Protein intake and body composition 2081



of energy intake from dietary protein) during exercise training
did not influence the responses in fasting plasma lipid–lipoprotein
profile and glucose and insulin concentrations (48). Notwith-
standing that the present results are from secondary data analyses,
collectively higher TPro may not have beneficial effects on MetS
indexes, although TPro improves BC. This finding challenges the
notion that protein-induced changes in BC are beneficial to health,
although more research is warranted.

The present study assessed the association between CTPro
and BC changes with the use of multiple linear regression
analysis, and we found that a greater increase in TPro from
before to during the intervention was inversely associated with
changes in FM and %FM and was positively associated with
change in %LM. These observations complement our previous
research showing that changes in protein intake predict changes
in bone mineral density (inverse association) in older women
(59) and support that muscle and strength gains from resistance
training are augmented by greater increases in habitual TPro
from before to during the intervention (60). Collectively, these
findings indicate that CTPro should be carefully documented
and assessed as a potential BC modifier.

Strengths of the study include the successful completion of a
36-wk, free-living diet and exercise intervention in middle-aged
overweight and obese adults. In addition, we used TPro data
from individuals who provided validated 4-d food records, and
this approach improves the accuracy of the food intake data.
However, findings from this study should be interpreted with
caution because of the nature of the secondary data analyses. In
addition, although we accounted for multiple potential con-
founders as covariates, the impact of other confounders may still
exist, as does the potential for type 1 (false positive) errors when
multiple statistical analyses are performed without adjusting the
significance level for each test.

In conclusion, findings from this study specify that higher
TPro promoted positive changes in BC but not indexes of MetS
in conjunction with combined resistance and aerobic exercise
training in overweight and moderately obese middle-aged adults
on the basis of both multiple linear regression and stratified
analysis approaches. Changes in TPro from before to during the
intervention might also influence BC responses over time and
should be considered in future research when different TPro are
achieved via diet or supplements.
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