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Introduction

Sarcopenia, the age related decline in skeletal muscle mass,
can have devastating effects on older people (1).  This decline
in skeletal muscle mass is associated with a decrease in
strength, and causes a decline in functional ability that affects
many aspects of life (1).  While the specific contributing factors
to sarcopenia are uncertain and likely multifacited, preventing
or delaying the loss of skeletal muscle mass is considered
critical for older people to maintain a higher quality life (2).
Resistance training improves strength (3, 4) whole body
composition (2, 5-12), and skeletal muscle fiber size (cross-
sectional area) (13, 14) in older people.   A higher dietary
protein intake, achieved by consuming an omnivorous diet,
enhanced the resistance training- induced improvements in
body composition, including gains in whole body fat-free mass
and muscle mass, in older men (8).  However, other research (5,
7, 8, 15-17) does not support an ergogenic effect of higher
dietary protein intake on resistance training-induced changes in
whole body composition in older people who otherwise
consume adequate protein.  These studies included only
minimal regional body composition assessments and very
limited data on skeletal muscle fiber size.  In one study, type II

muscle fiber size tended to increase to a greater extent with
consumption of a higher protein, omnivourous vs. lower
protein, lacto-ovovegetarian diet in older men (8).

We recently reported that older men and women who
consumed adequate and moderately higher protein (achieved by
consuming more animal-based foods, especially eggs) during a
12-week period of resistance training improved whole body
composition and indexes of the lipid-lipoprotein profile,
glucose tolerance, and skeletal muscle insulin signaling
proteins (18). The primary objective of this report is to expand
these findings to include regional body composition and
skeletal muscle fiber cross-sectional areas.  Also, subsequent to
the completion of the clinical phase of the present study
Riechman et al. (19) published data suggesting that higher
dietary and serum cholesterol enhances fat-free mass gains with
resistance training by improving cellular signaling or enhancing
skeletal muscle fiber repair after resistance training (19).
Though uncommon, the negative effect of statins on skeletal
muscle (20) suggests that cholesterol may influence muscle
response to resistance training. Therefore, a secondary and
retrospective objective of this study was to assess possible
relationships between dietary and serum cholesterol and
changes in body composition and skeletal muscle size.
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Abstract: The effects of increased dietary protein on resistance training (RT)-induced changes in body
composition and skeletal muscle fiber size are uncertain in older people.  Objectives:  We hypothesized that the
ingestion of more animal-based foods, especially eggs, to achieve a higher protein intake would enhance RT-
induced changes in body composition.  Setting:  West Lafayette, IN.  Participants:  36 older people (age 61±1 y;
mean ± SEM).  Intervention:  Subjects completed RT three d/wk for 12 weeks, and consumed omnivorous diets
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fiber type and size.  Results:  Among all subjects, over time (i.e. with RT) body weight was unchanged, lean mass
(1.1±0.2 kg) increased, and fat mass (-1.4±0.2 kg) decreased (all changes P<0.05).   Regional (i.e. trunk, legs,
arms) lean mass increased and fat mass decreased.  Whole body muscle mass (24-h urinary creatinine excretion)
increased, but skeletal muscle (vastus lateralis) type 1, type 2a, and type 2x fiber cross-sectional areas did not
change from baseline.  Serum total and LDL cholesterol decreased (P<0.05) and HDL cholesterol and
triacylglycerol were unchanged.  Dietary protein and cholesterol intakes did not influence these responses to RT.
Conclusion:  Consumption of diets that contained moderately higher protein and variable amounts of cholesterol
did not differentially affect body composition, skeletal muscle fiber size, or serum lipid-lipoprotein profile
responses to resistance training in older people.  
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Animal-based proteins from egg, meat, and dairy food sources
were included in all of the subjects’ diets (lower and higher
protein groups) and were used to increase the protein intake of
the higher protein group because they are considered high-
quality proteins that are efficiently digested (true digestibility
scores �97%) (21, 22).  Use of animal-based foods, especially
egg products, to increase protein intake also resulted in the
subjects in the higher protein group consuming higher dietary
cholesterol.   

Methods and Materials

Subjects
Fifty men and women were recruited for this study from the

greater Lafayette, IN, area.  Recruitment criteria included the
following:  1) age range 50-80 years; 2) self-reported body
mass index of normal weight, overweight or class I obesity
(23); 3) non-diabetic and not on insulin replacement therapy; 4)
clinically normal kidney, liver and cardiac functions; 5) not
currently taking anti-inflammatory steroid medications; 6) no
hip replacement; 7) no habitual resistance training in the past
six months; and 8) women were at least two years post-
menopausal.  Participants signed an informed consent
agreement and received a monetary reimbursement.  The study
protocol and informed consent agreement were reviewed and
approved by the Purdue University Institutional Review Board.
Thirty-six of the fifty participants successfully completed the
study protocol.  Additional details of the pre-study recruitment
and medical screening procedures and the reasons for the 28%
dropout incidence have been published (18).    

Experimental Design
The 14-week study was arranged as follows:  Weeks 1-2,

pre-intervention measurements, habitual diet and activity
maintained; Weeks 3-13, period of dietary control and
resistance exercise training intervention; Week 14, post-
intervention measurements (dietary control and resistance
training continued).

In previous protein intake and resistance training research in
older people within our laboratory, group-specific differences
in body composition of 0.0065 ± 0.0065 kg/L (mean + SD) for
body density (subjects consumed the RDA vs. 2xRDA for
protein) (8), and 0.8 ± 0.7 kg for whole body protein-mineral
mass (subjects consumed a vegetarian diet that contained the
RDA for protein vs. an omnivorous diet that contained 125% of
the RDA for protein) (24, 25) were detected.  A sample size of
n = 17 per group was deemed adequate to detect group-specific
differences of this magnitude (P<0.05, 80% power) in the
resistance training-induced changes in body composition (26-
28).    

Dietary Intervention
All participants were randomly assigned to one of two diet

groups (men and women randomized separately).  From study
week 3-14, the subjects in the lower protein group (LP, 9 men,

9 women) were counseled to habitually consume a weight-
maintenance diet that would provide 0.8 g protein⋅kg-1⋅d-1, the
amount of protein currently recommended to adequately meet
the dietary needs of virtually all healthy adults (29).  The
subjects in this group were counseled specifically to consume
egg, striated tissue (beef, poultry, pork, fish), and dairy proteins
as 5%, 25%, and 15% of their total protein intake, respectively.
Subjects in the higher protein group (HP, 8 men, 10 women)
were counseled to habitually consume an isocaloric diet that
would provide 1.6 g protein⋅kg-1⋅d-1.  The subjects in this
group were counseled to consume egg, striated tissue, and dairy
proteins as 25%, 20%, and 15% of their total protein intake,
respectively.  If body weight increased or decreased more than
1 kg during any week of the intervention dietary counseling
was adjusted to prevent further changes.  Food records were
obtained on seven consecutive days at baseline (weeks 1-2), at
the start of dietary control (weeks 3-4), middle of dietary
control (weeks 9-10) and at the end of intervention (weeks 13-
14), as described previously (18), and analyzed using
Nutritionist Pro (N-squared computing, First DataBank version
1.3.36, San Bruno, CA) software.  

Exercise Intervention
During weeks 3-14, all subjects participated in a supervised

progressive resistance exercise training program three days per
week, as previously described (18).  Each exercise training
session included warm-up and cool-down periods, and the
performance of two sets of eight repetitions at 80% of pre-
determined maximal strength for eight exercises and one set to
voluntary fatigue (Keiser Sports Health Equipment Company,
Fresno, CA, USA).  At baseline and the fourth, eighth, and
twelfth week of training, each subject’s maximal strength was
measured using a one-repetition maximum test (1RM) on five
pieces of equipment (upper back, leg extension, chest press, leg
curl, leg press) and the values summed to calculate a whole
body strength summary.

Urine and blood collections and analyses
Two consecutive 24-hour urine collections were made at

weeks 1, 5, 10 and 14, and urea nitrogen concentration
measured (Cobas Mira Plus, Roche Diagnostic Systems,
Indianapolis, IN).  Fasting-state blood samples were obtained
on two non-consecutive days at baseline and post-intervention
from an antecubital vein after the subject had rested in a seated
position for 15 minutes.  A clinical chemistry profile was
measured to assess normative values (blood urea nitrogen,
albumin, complete blood count, electrolytes; analyzed by Mid
America Clinical Laboratories, Indianapolis, IN).  Total
cholesterol (CHOL), high-density lipoprotein (HDL), and
triacylglycerol (TG) concentrations were measured and low-
density lipoprotein (LDL) concentration was estimated (LDL =
CHOL – HDL – TG/5) (30) (COBAS Mira Plus, Roche
Diagnostic Systems, Indianapolis, IN).  
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Body Composition
Body weight was measured immediately prior to each

exercise session to aid subjects in maintaining body weight
throughout the study.  At baseline and post-intervention,
regional and whole body bone mineral, fat tissue and lean tissue
masses were measured via dual energy x-ray absorptiometry
(DEXA, GE Lunar Prodigy with EnCORE software version
5.60, Madison, WI) (31).  Fasting body weight was measured
as well.  Height was measured at the beginning of the study
with a wall-mounted stadiometer (Holtain Ltd., Crymych,
Wales).  

Skeletal Muscle Fiber Cross-Sectional Area
Muscle biopsies from the vastus lateralis of the dominant leg

were obtained following an overnight fast using a punch biopsy
technique (32).  Immediately following extraction, a piece of
muscle was attached to a cork with tragacanth gum (ICN
Biomedicals, Inc., Aurora, OH) with the fibers positioned
perpendicularly to the surface of the cork.  The samples were
frozen in 2-methylbutane cooled in liquid nitrogen and later
stored in plastic vials within a liquid-nitrogen-containing
dewar.  Serial 10- m cross-sections were cut using a Microm
HM500 cryostat (Microm International, Waldorf, Germany) at
a chamber temperature of -20°C  and placed on microscope
slides coated with 0.1% 3-aminopropyltriethoxysilan.  Sections
were then stained for myofibrillar adenosine triphosphatase
(ATPase) in an acidic (pH 4.66, (33)) and basic (pH 10.4, (34))
solution and for succinate dehydrogenase (SDH) (35) to
determine skeletal muscle fiber cross-sectional area (CSA).
Three different images of each stained muscle section were
captured using a Nikon DN100 digital camera (Nikon
Corporation, Tokyo, Japan) mounted on a Nikon Labphot light
microscope (Nikon Corporation, Tokyo Japan) and saved with
Scion Image for Windows, release Beta 4.0.2 (Scion
Corporation, Frederick, MD).  Matching serial pictures were
taken.  Because samples were most distinctly stained with the
acid ATPase stain, this stain was used for final analysis.
Images were transferred to Adobe Photoshop 7.0 (Adobe
Systems, Inc., San Hose, CA), printed and hand-traced onto
tracing paper.  The traced images were scanned and the area of
each fiber was determined using Adobe Photoshop 7.0 (Adobe
Systems, Inc., San Hose, CA).  Fiber type was determined by
staining intensity, and assessments were made for type I, IIa
and IIx muscle fibers.  All samples were traced by the same
individual to avoid inter-individual variability.  At baseline and
post-intervention, 155±6 (range 86-229) and 154±5 (mean ±
SEM, range 97-211) total fibers (types I, IIa and IIx combined)
were assessed per sample.  

Statistical Analyses
All data are reported as mean ± standard error of the mean

(SEM).  Baseline group and gender differences were assessed
with 2-factor ANOVA.  Change from baseline was calculated
as:  change from baseline = post value – baseline value.  Main
effects of resistance training, protein intake and gender, and
their interactions on dependent variables were assessed via 3-

factor ANOVA with time as a repeated measure.  The effect of
time was considered to be the effect of resistance training.  The
degree of linear association between parameters of interest was
determined using the Pearson product-moment correlation.
Statistical significance was assigned if P < 0.05.  Data were not
included in analysis if they were missing (i.e. unable to collect
both pre and post muscle samples) or were outliers (± 3
standard deviations from the mean).  Data were tested for
similarity between data sets with the Kolmogorov-Smirnov test
and for equal variances with the Levene tests.  Data processing
and statistical evaluations were completed using SPSS 12.0 for
Windows (SPSS Inc, Chicago, IL).

Results

Unless noted, primary outcome measures did not differ
between groups at baseline.  Details regarding subjects, dietary
intervention and exercise intervention have been reported
previously (18). 

Dietary intake
At baseline, among all subjects, protein intake was 1.1 ± 0.1

g protein⋅kg-1⋅d-1 and total energy intake was from 50%
carbohydrate (includes 3% alcohol), 16% protein, and 34% fat.
During the intervention, protein intakes were 0.9 ± 0.1 and 1.2
± 0.0 g protein⋅kg-1⋅d-1 in LP and HP, respectively, with the
HP group consuming more total, egg, and dairy protein (Table
1).  Carbohydrate and fiber consumption increased in all
subjects from baseline to the end of intervention, independent
of group (Table 1, P < 0.05).  Fat and alcohol consumption did
not change from baseline and did not differ between groups
(Table 1, P < 0.05).  Subjects in HP consumed more dietary
cholesterol than subjects in LP (Table 1, P < 0.05) during the
intervention.

Table 1
Dietary Intakes 

Lower protein group             Higher protein group 
(LP)                                         (HP)

Pre Post Pre Post
Dietary Intakea

Energy (kcal/d) 1973 ± 120 2079 ± 137 1956 ± 108 2099 ± 134
Total protein (g/d) 80 ± 5 64 ± 4b,c 82 ± 5 88 ± 5 b,c

Dairy (g/d) 17 ± 2 9 ± 1d 14 ± 2 13 ± 1d

Egg (g/d) 3 ± 1 2 ± 0 b,c 4 ± 1 22 ± 2 b,c

Meat (g/d) 28 ± 3 18 ± 3d 36 ± 3 21 ± 2d

Other (g/d) 32 ± 2 36 ± 3d 26 ± 2 31 ± 2d

Carbohydrate (g/d) 242 ± 18 274 ± 18d 228 ± 20 264 ± 23d

Fat (g/d) 71 ± 6 78 ± 7 80 ± 5 77 ± 6
Dietary Fiber (g/d) 21 ± 2 25 ± 2d 19 ± 2 22 ± 2d

Alcohol (g/d) 14 ± 5 13 ± 5 4 ± 3 4 ± 2
Cholesterol (mg/d) 250 ± 91 213 ± 21 b,c 281 ± 24 610 ± 105b,c

Values are mean ± SEM.  Groups did not differ significantly at baseline, P > 0.05.  a. LP 8
men, 8 women, n=16 (BMI 25.6 ± 0.8 kg/m2, range 20.1-31.5 kg/m2); HP 3 men, 9
women, n=12 (BMI 26.7 ± 0.9 kg/m2, range 20.6-35.1 kg/m2).  Egg proteins include
whole eggs, egg whites and egg products.  Meat proteins include striated tissue (beef,
poultry, pork, fish).  Protein intake from 'Other' = protein from sources other than dairy,
meat and egg.  b. Significant time*group interaction, P < 0.05.  c. Groups significantly

different at 'post' P < 0.05.  d. Significant effect of time, independent of group P < 0.05. 

EXERCISE, PROTEIN & BODY COMPOSITION IN OLDER PEOPLE

The Journal of Nutrition, Health & Aging©
Volume 13, Number 2, 2009

110



Consistent with a group difference in dietary protein intake,
urinary urea nitrogen excretion was 42% higher in HP than in
LP during intervention (P < 0.05, (18)).

Strength
Whole body strength increased 32 ± 8%, independent of

group and gender.  Lean mass was associated with strength at
both baseline (R=0.89, P<0.05) and the end of the study
(R=0.88, P<0.05).  Changes in lean mass were not associated
with changes in strength.

Body Composition and Skeletal Muscle Fiber Cross-
Sectional Area

Body weight remained stable, lean mass increased and fat
mass decreased with resistance training, independent of group
and gender (P < 0.05, Figure 1 (18)).  Regional lean and fat
mass changes mirrored whole body changes, as lean mass
increased in trunk, legs and arms, and fat mass decreased in
these regions.  Though total, trunk and leg bone mineral density
remained unchanged, bone mineral density in the arms
increased.  Urinary creatinine excretion, a crude index of whole
body muscle mass (36) increased over time comparably in both
diet groups (18 increase from baseline, urinary creatinine
excretion per body weight:  LP 1%, HP 2% increase from
baseline).  The average cross-sectional area of muscle fibers
was larger in men than women, was unchanged with resistance
training, and was not differentially affected over time by the
dietary interventions (Table 2).

Table 2
Average cross-sectional area (CSA) of vastus lateralis fibers  

Lower protein group Higher protein group 
(LP) (HP)

Pre Post Pre Post

All fiber types, 3882 ± 318 3689 ± 217 3769 ± 184 3895 ± 220
CSA (μm2)
Type I, CSA (μm2) 3681 ± 238 3568 ± 174 3431 ± 172 3542 ± 163
Type IIa, CSA (μm2) 3806 ± 227 3731 ± 164 3381 ± 231 3555 ± 188
Type IIx, CSA (μm2) 2903 ± 174 3059 ± 221 2907 ± 240 2831 ± 144

Values are mean ± SEM.  Groups did not differ at baseline, P > 0.05.  LP 9 men, 6 women,
n=15; HP 7 men, 9 women, n = 16.

Blood chemistries
Blood urea nitrogen, albumin, complete blood count and

electrolytes were within clinical normalcy at baseline and post-
intervention (data not shown).  Blood urea nitrogen decreased
with intervention, independent of group and gender (18 ± 1 vs.
16 ± 1 mg/dL, pre vs. post all subjects combined, P < 0.05), and
was not different between groups at the end of intervention (15
± 1 vs. 17 ± 1 mg/dL, LP vs. HP).  Independent of group and
gender, serum total and LDL cholesterol decreased with
resistance training (baseline and change:  Total cholesterol
(mg/dL):  LP 190 ± 9, change -8 ± 4, HP 195 ± 7, change -3 ±
3; LDL:  LP 117 ± 7, change -7 ± 3; HP 124 ± 6, change -4 ± 3

(P < 0.05) (18).  HDL and triacylglycerol were unchanged
(baseline and change:  HDL (mg/dL):  LP 51 ± 2, change 0 ± 1,
HP 53 ± 3, change 0 ± 1; triacylglycerol:  LP 111 ± 10, change
-5 ± 6; HP 90 ± 7, change 6 ± 5 (P < 0.05) (18), as were
LDL:HDL and total cholesterol:HDL (18, data not shown). 

Figure 1
Resistance training improved whole body and regional

composition.  Values are mean ± SEM.  Lower protein group 
n = 18, higher protein group n = 18.  * – Significant effect of
time (i.e. resistance training), all subjects combined P < 0.05

Correlations
Urinary creatinine + body composition:  Urinary creatinine

was correlated with lean mass at baseline (R=0.67, P<0.05) and
at the end of intervention (R=0.52, P<0.05).  Urinary creatinine
was not correlated with fat mass at any time point (P>0.05).
Changes in urinary creatinine excretion were not associated
with changes in lean or fat mass.  

Dietary and serum cholesterol + body composition:  Dietary
cholesterol intake (mg/d) was associated with lean mass at
baseline (R=0.67, P<0.05).  Dietary cholesterol intake was not
associated with lean mass at the end of intervention, with fat
mass at any point, or with changes in fat or lean mass. Serum
cholesterol (mg/dL) was not associated with lean mass at any
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time point.  The ratios of LDL:HDL and total cholesterol:HDL
were not associated with body composition or changes in body
composition at any point.  

Muscle fiber type characteristics + dietary and serum
cholesterols, body composition, strength:  CSA was not
associated with total dietary or serum cholesterol at any time
point. CSA was associated with lean mass at baseline (R =
0.51, P<0.05) and at the end of the study (R = 0.50, P<0.05).
Changes in CSA and lean mass were not correlated.  CSA and
strength were correlated at baseline (R=0.62, P<0.05) and the
end of intervention (R=0.66, P<0.05). Changes in CSA were
not correlated with changes in strength.    

Discussion

The results of this study indicate that the ingestion of higher
quantities of animal-based foods, especially eggs, to achieve
moderate increases in protein intake, does not enhance regional
body composition changes (increase in lean body mass and
decrease in fat mass) or influence skeletal muscle cross-
sectional area in older adults who perform resistance training
for 12 weeks. Similar resistance training-induced improvements
in whole body composition have been reported previously (2,
5-12).  Though regional body composition is not often reported,
others have reported increases in regional lean mass following
resistance training in men (arms, legs and trunk (37)) and
women (arms (38), trunk (38, 39), legs (40).  Reductions in
regional fat mass have also been documented in men (arms and
legs (37), trunk (37, 39)) and women (intra-adipose tissue (41)).
Though results are not entirely consistent, this is likely due to
differences in sample size, length of training and measurements
taken.  Collectively, these results support an increase in lean
mass and decrease in fat mass caused by resistance training.
The whole-body weight training program in the current study
influenced body composition in all measured regions, as lean
mass increased and fat mass decreased in arms, legs and trunk.  

Consistent with some but not all (8) previous research, this
improvement in body composition during resistance training
was not influenced by dietary protein intake.  This observation
is generally consistent with the view that resistance training-
induced changes in body composition, muscle strength and
size, and physical functioning are not influenced by increased
protein intake in older people who habitually consume adequate
protein (moderately above the RDA) (42).  The most dramatic
differential response was observed when subjects consumed
either lactoovovegetarian (0.8 g protein⋅kg-1⋅d-1) or
omnivorous (1.0 g protein⋅kg-1⋅d-1) diets and completed 12
weeks of resistance training.  Fat-free mass decreased by 0.8 kg
among subjects who consumed lactoovovegetarian diets and
increased 1.7 kg in those subjects who consumed omnivorous
diets (time*group P< 0.05) during resistance training (8),
suggesting that group differences were caused by either protein
quantity or quality (i.e. lactoovovegetarian vs. omnivorous
diets).  The group differences in protein intake in the present
(0.3 g protein⋅kg-1⋅d-1) and cited (0.2 g protein⋅kg-1⋅d-1)

studies were similar, but groups in each study consumed
different amounts of protein.  

Resistance training did not cause a measurable increase in
skeletal muscle fiber cross-sectional area.  While unexpected,
the lack of change in skeletal muscle fiber properties with
resistance training has been previously documented (2, 25, 43-
45).  Though satellite cells in older people have an impaired
ability to repair skeletal muscle tissue (46),  most researchers
have documented an increase in skeletal muscle fiber CSA with
resistance training (2, 3, 13, 14).  Other researchers have
reported that response of CSA is limited or lacking in older
women (2).  The present study was powered to detect training
or group difference, and was not powered to detect a gender
specific difference. Therefore, a minimal response by women
may have limited the ability to detect a training induced change
in skeletal muscle fiber cross-sectional area.  Similarly, the
number of men within each group was not adequate to detect a
response in men only.  

Within the current study, dietary protein intake did not
influence skeletal muscle fiber CSA.  Similar results have been
reported as skeletal muscle fiber CSA was unchanged in groups
that consumed 0.8 and 1.6 g protein⋅kg-1⋅d-1 during 12 weeks
of resistance training (8, 25).  While type II fiber CSA
increased after 12 weeks of resistance training after
consumption of both lactoovovegetarian (0.8 g protein⋅kg-1⋅d-

1) and omnivorous (1.0 g protein⋅kg-1⋅d-1) diets, protein intake
did not influence this increase (8).  

In a recent clinical trial, both dietary cholesterol intake and
serum cholesterol concentration were associated with changes
in lean mass in older men and women after a 12-week
resistance training program (19).  The authors suggested that
this association was caused by the role of cholesterol in cellular
signaling or its role in skeletal muscle fiber repair following
resistance training (19).  Therefore, a secondary, retrospective
objective of this study was to assess the influence of dietary and
serum cholesterol on resistance training induced changes in
body composition and skeletal muscle fiber CSA.  To assess the
relationship between cholesterol and primary outcome
measures, we correlated both dietary and serum cholesterol
with FFM, strength and CSA.  However, very few correlations
were significant.  In correlating absolute amounts of dietary or
serum cholesterol with outcome variables (i.e. mg/d or mg/dL),
only dietary cholesterol and FFM were correlated, and this
apparent relationship was only evident at baseline.  This
association at baseline is not surprising, as these factors are not
strictly independent of each other.  Dietary intake, and therefore
cholesterol intake is higher in heavier vs. lighter individuals,
given similar activity levels.  Similarly, heavier individuals
generally have higher fat-free mass than lighter individuals.
Therefore, an association between dietary cholesterol and FFM
is likely.  

To compare our results with others, we considered
correcting dietary and serum cholesterol for fat-free mass (i.e.
mg⋅dL-1⋅Kg FFM-1) (19).  However, given that FFM was
associated with both strength and CSA in the current study,
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correlations of dietary or serum cholesterol per kg FFM with
other outcome measures were not considered appropriate.  The
association with FFM may have driven the results.
Furthermore, skeletal muscle fiber CSA was not associated
with dietary cholesterol or serum cholesterol.  

The use of dietary counseling and food records are potential
limitations of this study.  Dietary counseling lacks the control
achieved when all foods are provided during a controlled
feeding trial and may have contributed to subjects’ inability to
achieve the desired levels of protein intake.  However, dietary
counseling is a more common method of dietary modification
and permits broader application of study results.  The relatively
small difference in protein intakes between groups may have
limited the potential for diet specific responses.  A larger
difference in protein intakes between groups may be necessary
to detect a differential response to resistance training, as other
researchers have reported that protein supplements of 1.2 g
protein⋅kg-1⋅d-1 plus habitual dietary intake caused greater lean
body mass gain when compared to habitual dietary intake alone
(6).  Though food records are subject to misreporting (47), the
difference in urinary urea nitrogen output between the groups
confirms that groups consumed different amounts of protein
(48, 49).    

In summary, findings from this study confirm that resistance
training improves whole- and regional-body composition and
serum lipid-lipoprotein profile, and suggests that consumption
of a diet that provides moderately higher protein does not
influence these changes in older men and women.  

Acknowledgments: We thank the volunteers for their time and dedication to the project.
We thank WWC’s Nutrition, Fitness, and Aging research staff for their assistance as well.
HBI and WWC conceived and designed the experiment.  HBI, JWA, JCA and WWC
conducted the clinical portion of this study.  HBI, JKE, JCA, JWA, DEG and WWC
participated in sample analysis and data processing.  HBI, JKE, DEG and WWC were
involved in data interpretation.  HBI and WWC wrote the manuscript.  None of the authors
have any personal or financial conflicts of interest. Portions of the results included within
this manuscript have been presented at Experimental Biology, 2005 and 2006, and were
recently published (18).  HBI is currently at Wayne State University, Detroit, MI.

Funding sources: The study was sponsored and funded by the American Egg Board –
Egg Nutrition Center.  Additional support was provided by Agriculture Research Program,
Lynn and Bisland graduate student fellowships at Purdue University, graduate student
support funds from Experimental & Applied Sciences, Inc., and Phyllis Izant gift funds to
Purdue University.

Financial disclosure: None of the authors had any financial interest or support for this

paper.

References

1. Evans WJ, Campbell WW. Sarcopenia and age-related changes in body composition
and functional capacity. J Nutr. Feb 1993;123(2 Suppl):465-468.

2. Hunter GR, McCarthy JP, Bamman MM. Effects of resistance training on older
adults. Sports Med. 2004;34(5):329-348.

3. Frontera WR, Meredith CN, O'Reilly KP, Knuttgen HG, Evans WJ. Strength
conditioning in older men: skeletal muscle hypertrophy and improved function. J
Appl Physiol. Mar 1988;64(3):1038-1044.

4. Fielding RA. The role of progressive resistance training and nutrition in the
preservation of lean body mass in the elderly. J Am Coll Nutr. Dec 1995;14(6):587-
594.

5. Campbell WW, Crim MC, Young VR, Evans WJ. Increased energy requirements and
changes in body composition with resistance training in older adults. Am J Clin Nutr.
Aug 1994;60(2):167-175.

6. Burke DG, Chilibeck PD, Davidson KS, Candow DG, Farthing J, Smith-Palmer T.
The effect of whey protein supplementation with and without creatine monohydrate

combined with resistance training on lean tissue mass and muscle strength. Int J
Sport Nutr Exerc Metab. Sep 2001;11(3):349-364.

7. Campbell WW, Trappe TA, Jozsi AC, Kruskall LJ, Wolfe RR, Evans WJ. Dietary
protein adequacy and lower body versus whole body resistive training in older
humans. J Physiol. Jul 15 2002;542(Pt 2):631-642.

8. Campbell WW, Barton ML, Jr., Cyr-Campbell D, et al. Effects of an omnivorous diet
compared with a lactoovovegetarian diet on resistance-training-induced changes in
body composition and skeletal muscle in older men. Am J Clin Nutr. Dec
1999;70(6):1032-1039.

9. Hunter GR, Wetzstein CJ, Fields DA, Brown A, Bamman MM. Resistance training
increases total energy expenditure and free-living physical activity in older adults. J
Appl Physiol. Sep 2000;89(3):977-984.

10. McCarthy JP, Agre JC, Graf BK, Pozniak MA, Vailas AC. Compatibility of adaptive
responses with combining strength and endurance training. Med Sci Sports Exerc.
Mar 1995;27(3):429-436.

11. McCarthy JP, Bamman MM, Yelle JM, et al. Resistance exercise training and the
orthostatic response. Eur J Appl Physiol Occup Physiol. 1997;76(1):32-40.

12. Pratley R, Nicklas B, Rubin M, et al. Strength training increases resting metabolic
rate and norepinephrine levels in healthy 50- to 65-yr-old men. J Appl Physiol. Jan
1994;76(1):133-137.

13. Trappe S, Godard M, Gallagher P, Carroll C, Rowden G, Porter D. Resistance
training improves single muscle fiber contractile function in older women. Am J
Physiol Cell Physiol. Aug 2001;281(2):C398-406.

14. Trappe S, Williamson D, Godard M, Porter D, Rowden G, Costill D. Effect of
resistance training on single muscle fiber contractile function in older men. J Appl
Physiol. Jul 2000;89(1):143-152.

15. Andrews RD, MacLean DA, Riechman SE. Protein intake for skeletal muscle
hypertrophy with resistance training in seniors. Int J Sport Nutr Exerc Metab. Aug
2006;16(4):362-372.

16. Candow DG, Chilibeck PD, Facci M, Abeysekara S, Zello GA. Protein
supplementation before and after resistance training in older men. Eur J Appl
Physiol. Jul 2006;97(5):548-556.

17. McLennan PL, Tapsell LC, Owen AJ, Gutteridge IF. The influence of red meat
intake upon the response to a resistance exercise-training program in older
Australians. Asia Pac J Clin Nutr. 2003;12 Suppl:S17.

18. Iglay HB, Thyfault JP, Apolzan JW, Campbell WW. Resistance training and dietary
protein: effects on glucose tolerance and contents of skeletal muscle insulin signaling
proteins in older persons. Am J Clin Nutr. Apr 2007;85(4):1005-1013.

19. Riechman SE, Andrews RD, Maclean DA, Sheathers S. Statins, Dietary and Serum
Cholesterol are Associated with Increased Lean Mass Following Resistance Training.
J Gerontol A Biol Sci Med Sci 2007; 62(10): 1164-1171.

20. Thompson PD, Clarkson P, Karas RH. Statin-associated myopathy. Jama. Apr 2
2003;289(13):1681-1690.

21. Mitchell HH, Carman GG. The biological value for  maintenace and growth of the
proteins of whole wheat, eggs, and pork. J Biol Chem. July 1924;60:613-620.

22. Murlin JR, Edwards LE, Hawley EH. Biological values and true digestibilities of
some food proteins determined on human subjects. J Biol Chem. 1944;156:785-786.

23. American College of Sports Medicine's Guidelines for Exercise Testing and
Prescription. Seventh ed. Philadelphia: Lippincott Williams & Wilkons.  A Wolters
Kluwer Company; 2006.

24. Campbell WW, Joseph LJ, Davey SL, Cyr-Campbell D, Anderson RA, Evans WJ.
Effects of resistance training and chromium picolinate on body composition and
skeletal muscle in older men. J Appl Physiol. Jan 1999;86(1):29-39.

25. Campbell WW, Crim MC, Young VR, Joseph LJ, Evans WJ. Effects of resistance
training and dietary protein intake on protein metabolism in older adults. Am J
Physiol. Jun 1995;268(6 Pt 1):E1143-1153.

26. Joseph LJ, Farrell PA, Davey SL, Evans WJ, Campbell WW. Effect of resistance
training with or without chromium picolinate supplementation on glucose
metabolism in older men and women. Metabolism. May 1999;48(5):546-553.

27. Linn T, Geyer R, Prassek S, Laube H. Effect of dietary protein intake on insulin
secretion and glucose metabolism in insulin-dependent diabetes mellitus. J Clin
Endocrinol Metab. Nov 1996;81(11):3938-3943.

28. Campbell WW, Crim MC, Dallal GE, Young VR, Evans WJ. Increased protein
requirements in elderly people: new data and retrospective reassessments. Am J Clin
Nutr. Oct 1994;60(4):501-509.

29. USDA. United States Department of Agriculture:  Dietary Guidelines For Americans.
http:www.health.gov/dietaryguidelines/dga2005/recommendations.htm. Accessed
November 17th, 2005.

30. Weggemans RM, Zock PL, Katan MB. Dietary cholesterol from eggs increases the
ratio of total cholesterol to high-density lipoprotein cholesterol in humans: a meta-
analysis. Am J Clin Nutr. May 2001;73(5):885-891.

31. Bolanowski M, Nilsson BE. Assessment of human body composition using dual-
energy x-ray absorptiometry and bioelectrical impedance analysis. Med Sci Monit.
Sep-Oct 2001;7(5):1029-1033.

32. Evans WJ, Phinney SD, Young VR. Suction applied to a muscle biopsy maximizes
sample size. Med Sci Sports Exerc. 1982;14(1):101-102.

33. Hamalainen N, Pette D. The histochemical profiles of fast fiber types IIB, IID, and

JNHA: NUTRITION

The Journal of Nutrition, Health & Aging©
Volume 13, Number 2, 2009

113



IIA in skeletal muscles of mouse, rat, and rabbit. J Histochem Cytochem. May
1993;41(5):733-743.

34. Guth L, Samaha FJ. Procedure for the histochemical demonstration of actomyosin
ATPase. Exp Neurol. Aug 1970;28(2):365-367.

35. Solomon MB, Dunn MC. Simultaneous histochemical determination of three fiber
types in single sections of ovine, bovine and porcine skeletal muscle. J Anim Sci. Jan
1988;66(1):255-264.

36. Welle S, Thornton C, Totterman S, Forbes G. Utility of creatinine excretion in body-
composition studies of healthy men and women older than 60 y. Am J Clin Nutr. Feb
1996;63(2):151-156.

37. Miller JP, Pratley RE, Goldberg AP, et al. Strength training increases insulin action
in healthy 50- to 65-yr-old men. J Appl Physiol. Sep 1994;77(3):1122-1127.

38. McCall GE, Byrnes WC, Dickinson A, Pattany PM, Fleck SJ. Muscle fiber
hypertrophy, hyperplasia, and capillary density in college men after resistance
training. J Appl Physiol. Nov 1996;81(5):2004-2012.

39. Wagner H, Degerblad M, Thorell A, et al. Combined treatment with exercise training
and acarbose improves metabolic control and cardiovascular risk factor profile in
subjects with mild type 2 diabetes. Diabetes Care. Jul 2006;29(7):1471-1477.

40. Cortez-Cooper MY, DeVan AE, Anton MM, et al. Effects of high intensity resistance
training on arterial stiffness and wave reflection in women. Am J Hypertens. Jul
2005;18(7):930-934.

41. Treuth MS, Hunter GR, Kekes-Szabo T, Weinsier RL, Goran MI, Berland L.
Reduction in intra-abdominal adipose tissue after strength training in older women. J
Appl Physiol. Apr 1995;78(4):1425-1431.

42. Campbell WW, Leidy HJ. Dietary protein and resistance training effects on muscle
and body composition in older persons. J Am Coll Nutr. Dec 2007;26(6):696S-703S.

43. Grimby G, Aniansson A, Hedberg M, Henning GB, Grangard U, Kvist H. Training
can improve muscle strength and endurance in 78- to 84-yr-old men. J Appl Physiol.
Dec 1992;73(6):2517-2523.

44. Hakkinen K, Kraemer WJ, Newton RU, Alen M. Changes in electromyographic
activity, muscle fibre and force production characteristics during heavy
resistance/power strength training in middle-aged and older men and women. Acta
Physiol Scand. Jan 2001;171(1):51-62.

45. Bamman MM, Hill VJ, Adams GR, et al. Gender differences in resistance-training-
induced myofiber hypertrophy among older adults. J Gerontol A Biol Sci Med Sci.
Feb 2003;58(2):108-116.

46. Fulle S, Di Donna S, Puglielli C, et al. Age-dependent imbalance of the antioxidative
system in human satellite cells. Exp Gerontol. Mar 2005;40(3):189-197.

47. Livingstone MB, Prentice AM, Strain JJ, et al. Accuracy of weighed dietary records
in studies of diet and health. Bmj. Mar 17 1990;300(6726):708-712.

48. Isaksson B. Urinary nitrogen output as a validity test in dietary surveys. Am J Clin
Nutr. Jan 1980;33(1):4-5.

49. Bingham SA, Williams R, Cole TJ, Price CP, Cummings JH. Reference values for
analytes of 24-h urine collections known to be complete. Ann Clin Biochem. Nov
1988;25 ( Pt 6):610-619.

EXERCISE, PROTEIN & BODY COMPOSITION IN OLDER PEOPLE

The Journal of Nutrition, Health & Aging©
Volume 13, Number 2, 2009

114


	Introduction
	Methods and Materials
	Results
	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


