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ABSTRACT

Background and Purpose: Elderly individuals participate
in resistance exercise to induce an anabolic response and grow
muscle to help overcome functional deficits. It is thought that
a muscle damage and inflammatory response to resistance
exercise is a necessary prerequisite for an anabolic and muscle
growth response. Methods: This is a descriptive study of 11
elderly individuals in rehabilitation who underwent a 2-3x/week
high force resistance exercise that used eccentric contractions.
Serum measures of muscle damage, inflammation, and an ana-
bolic response are reported along with changes in muscle mass
as measured with dual energy X-ray absorptiometry. Results:
Negative work increased >3-fold during the 11 weeks of resis-
tance exercise. There were no significant changes in the dam-
age measure of serum creatine kinase (pretraining: 18.5 + 1.2
Sigma units/ml; post-training: 19.2 + 1.1 Sigma units/ml). Pro-
inflammatory tumor necrosis factor-a values remained within
normal range (<4.0 pg/ml) throughout the 11 weeks of training.
A nonsignificant trend for an anabolic increase (65%) in insulin
like growth factor-1 was noted along with a significant increase
(6%) in thigh muscle mass. Conclusions: Neither damage, nor
inflammation appear to be prerequisites for inducing anabolic
and muscle growth responses in elderly individuals undergoing
a high force resistance exercise with eccentric contractions.
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INTRODUCTION

Resistance strength training can increase muscle size in
older individuals'™® although the muscle hypertrophy response
is both inconsistent®**” and often blunted in magnitude’? rela-
tive to that reported in younger individuals. Customary thinking
is that muscle damage and the inflammatory response that fol-
lows are coupled to, and perhaps serve as necessary precursors
for,an anabolic response and muscle hypertrophy.'®'* With that,
much work has been done to identify the ‘best’ exercise regimen
to optimize muscle force production and the resultant hyper-
trophy and improved mobility in elderly individuals. Because
exercises that induce eccentric contractions can produce sig-
nificantly higher forces than combined eccentric and concentric
exercises, it may be the ideal stimulus to induce hypertrophy.’™
' While high eccentric forces produce a maximum stimulus for
muscle hypertrophy, as well as muscle damage,*** these forces
may be the stimulus needed to promote regenerative satellite
cell and proinflammatory activity which includes a chemotactic
attraction of myogenic stem cells essential for muscle growth.*

The anabolic mediator insulin-like growth factor-1 (IGF-1) is
a key regulator of muscle hypertrophy and muscle function.?#
IGF-1 is produced in response to growth hormone release from
the pituitary gland.®3° After binding to its receptor, growth
hormone induces the local production of IGF-1 by autocrine
and paracrine mechanisms.

For aging adults, both the regenerative muscle damage/
inflammation and anabolic IGF-1 responses following resistance
exercise are thought to be suppressed, inhibiting the muscle
hypertrophy response and further reinforcing the apparent
linkage between damage and hypertrophy. Consistent with
the ‘damage preceding hypertrophy’ hypothesis, eccentric con-
tractions typically produce the most muscle damage.®® While
eccentric contractions can cause substantial muscle damage,
there is no evidence that they necessarily have to cause dam-
age. That is, when progressively exposed to a ramped protocol
of eccentric contractions and increasing levels of negative work,
muscles of young individuals respond by increasing in size and
strength without any demonstrable injury or impairment to the
muscle.'”? It is unclear, however, if aging adults, many of whom



can ill-afford further muscle impairment or systemic inflamma-
tion, respond in a similar fashion.

In this short report we describe whether a resistance
exercise program can lead to an anabolic, muscle growth,
response without inducing a proinflammatory or muscle dam-
age response. The resistance exercise regimen exposed older
individuals in rehabilitation to high force eccentric muscle
contractions via a progressively increased force production
protocol.

METHODS
Participants

Eleven high fall risk older adult subjects (mean age=78
years, range=70-89 years, 5 male, 6 female) enrolled in a phase
II-IV cardiopulmonary rehabilitation program consented to
participate according to IRB regulations. All individuals were
characterized as being at a high fall risk as determined by a
timed up and go result >14 seconds.?® Multiple comorbidities,
and their commensurate medical treatments, characterize the
participant group (Table 1).

High Force Resistance Exercise with Eccentric Contractions

This heterogeneous sample population experienced high
force eccentric contractions using a motorized lower extrem-
ity ergometer that provided real time feedback as to the

work (quantified as negative work) performed. The eccentric
ergometer and ramped protocol have been described previ-
ously.'””'® The resistance exercise program consisted of lower
extremity eccentric exercise 2-3x per week for 11 weeks (Figure
1). During the initial progressive increase in force production,
the target perceived exertion increased gradually during weeks
1 through 5 from “very very light” to “somewhat hard” where
it was maintained during weeks 6 through 11. The eccentric
muscle activity, and the resultant negative work performed,
was a function of the perceived exertion of training and the
duration of training (3-20 minutes), thereby inducing increases
in training work-loads (Table 2). For the final 6 weeks, while the
perceived exertion remained constant, the work loads on the
eccentric ergometer increased ~3 fold; the total force produc-
tion measured as negative work increased from an group aver-
age of 70.3 (= 12.4 SE) Kjoules to 232.4 (+ 27.2) Kjoules over the
final 6 weeks.

Blood Measures of Muscle Damage, Inflammation,
and IGF-1

Muscle damage and inflammation were assessed as
described previously3**¢ Plasma creatine kinase (CK) was
measured using a CK kit (Sigma 520C) with a microplate reader.
All blood samples were analyzed in duplicate. Quality control
for the CK measures was assured by assessing the linearity of

Table 1. Experimental participant cohort. This heterogeneous group of elderly individuals is representative of patients

seen in rehabilitation for exercise.

Subject | Age | Gender | Cardiovascular diagnoses and Co-morbidities Exercise Risk *

1 77 male coronary artery bypass graft x1; hypertension Low

2 78 male angioplasty and stent x 2 Medium

3 84 male valve insufficiency and replacement; prostate cancer High

4 71 male myocardial infarction x2; coronary artery bypass graft x1; peripheral vascular Medium
disease; aortic aneurysm repair; rheumatoid arthritis; prostate cancer

5 70 male coronary artery bypass graft x4; prostate cancer;type Il diabetes mellitus Medium

6 79 female | valve replacement x2; Hip open reduction internal fixation Low

7 74 female hypertension; chronic heart failure Low

8 89 female valve replacement x2; chronic heart failure Medium

9 80 female valve insufficiency; chronic heart failure Low

10 84 female | myocardial infarction; hypertension Low

11 71 female hypertension; chronic heart failure Low

*Low = no LV dysfunction (LVEF>50%), no resting or stress-induced dysrhythmias, uncomplicated MI, CABG, PTCA/stent, Normal

hemodynamic response to moderate exercise, asymptomatic, Functional capacity of 7 METS 3 weeks post event ETT.

*Medium = moderately impaired left ventricular function (LVEF 40-49%), symptoms (e.g., angina) with moderate exercise, failure

to comply with previous exercise prescription, inability to monitor self, functional capacity of 5-6.9 METS 3 weeks post event

ETT.

*High = decreased left ventricular function (LVEF<40%), survivor of cardiac arrest, complex ventricular dysrhythmias at rest or

with exercise, complicated MI, CABG, cardiogenic shock, abnormal hemodynamics with exercise, angina with low levl activity,

functional capacity < 5 METS on 3 weeks post event ETT
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Figure 1. The eccentric ergometer used for high muscle
force resistance exercise. As the motor rotates the pedals
at a set speed in a reverse direction (large arrows) the par-
ticipant attempts to slow down the reverse moving pedals
by applying force to the pedals (medium arrows). Because
the magnitude of force produced by the motor exceeds that
produced by the participant, the pedals continue backward,
resulting in eccentric lengthening of the eg, quadriceps
muscles (small arrows).

*Negative work is the product of a muscle’s force produc-
tion and change (4) in length. When an external force ex-
ceeds the muscle’s force production, the muscle lengthens
away from center (ie, eccentric A length). This A length has a
negative sign, hence work is negative.

the standard curves (r > 0.98) and running positive control
standards supplied by the manufacturer. Tumor necrosis fac-
tor (TNF) -a was measured by enzyme linked immunosorbent
assay (ELISA) (Ultra-sensitive kits, Biosource Inc., Camarillo,
Calif) as a measure of the proinflammatory cytokine. Total IGF-
1 was also measured by ELISA to assess the anabolic response.
Inter- and intra-assay coefficients of variation are less than 9%
and 5%, respectively.

The blood measures were made at 3 time points (Initial=1%
week before training was initiated; Mid=5" week of training;
Final=11t" week of training) from 10 ml venous blood samples.
The mid-5"" week and final-11" week measures of TNF-a
occurred immediately before and 3 hours after a training ses-

sion; and the CK measures occurred immediately before and 48
hours after a training session. These postexercise session blood
sample measures were meant to coincide with respective peak
inflammatory and damage responses, if any.

Muscle Size Measurement

Whole muscle mass (g/cm?) of the muscle tissue region of
interest approximated by the knee extensor, knee flexor, leg
adductor, and leg abductor muscle groups, was measured
via dual energy X-ray absorptiometry (DXA) using the densi-
tometer (DPX-IQ, GE-Lunar, Madison, Wisc) before and after
11 weeks of training. Participants were positioned according
to the manufacturer’s standardized recommendations and
scanned twice at each time period (pre- and posttraining).
The mean of the two measurements was used in all statistical
analyses. Scan analysis was done by one certified technician.
The calibration of the densitometer was checked daily against
a standard calibration block supplied by the manufacturer. The
coefficient of variation was 0.6%. Lean soft tissue mass around
the femur region of interest was measured minus the fat and
bone masses and reported as a relative change in muscle mass
from pre- to posttesting.

Statistical Analysis

Data were analyzed with SPSS Version 13.0 (SPSS Inc,
Chicago, lll). In all cases, the assumptions of normality and
homogeneity of variance were met and parametric tests were
performed. Each dependent variable was analyzed using sepa-
rate one-way repeated measures analyses of variance (with
one within subject factor [time]). The level of significance was
set at p < 0.05 to test if muscle damage and inflammatory
responses, if any, were consistent with that reported in the
literature for both TNF-a and CK. Our expectation, however,
was that a progressively increased, ramped, exercise protocol
would not induce these responses. With that, we expected to
be underpowered for the damage and proinflammatory vari-
ables, ie, it would have required >450 subjects at a power level
of 0.80 to see statistically significant changes.

RESULTS
Muscle Damage (CK), Inflammation (TNF-a) and Anabolic
Response (IGF-1)

There were no significant changes in either CK or the pro-
inflammatory cytokine TNF-a when serum was examined over

Table 2. Perceived Exertion and Eccentric Resistance Exercise Progression (frequency and duration) Over the 11 Week Train-

ing Period

Week Times/Week Training Duration Rating of Perceived Exertion

1 2 3-5 minutes 7 (very, very light)

2-4 3 5-15 minutes 9 (very light) to 11 (fairly light)

5 3 10-15 minutes 11-13 (fairly light to somewhat hard)
6-10 3 12-20 minutes 11-13 (fairly light to somewhat hard)
11 3 12-20 minutes 11-13 (fairly light to somewhat hard)
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the 11 week training period. The week 1, initial mean CK values,
18.5 £ 1.2 Sigma units/ml, mid-training values, 18.7 + 1.4 Sigma
units/ml at week 5, and the 11 week posttraining values 19.2
+ 1.1 Sigma units/ml were not statistically different (p > 0.05).
At all time points examined, no increase in CK was observed
as the CK values remained within the normal range, ie, well
below (approximately an order of magnitude) the concentra-
tion reported in other studies following an acute, high eccen-
tric muscle force exercise bout. A 10 to 50 fold increase in CK
is commonly observed in younger populations 2 days after an
acute episode of high muscle force eccentric exercise.3*%”

Figure 2 outlines the results of the proinflammatory mea-
surement. The TNF-a value of approximately 2 pg/ml was
also well within the range of normal values, as specified by
the manufacturer (Biosource), and similar to the pre-exercise
value reported by Toft et al*® in a group of elderly individuals
of similar age to those in our study. Thus, the high eccentric
muscle force exercise in our study did not cause a significant
increase in proinflammatory cytokine activity. The TNF-a values
remained within the normal non-inflammatory range reported
by Biosource throughout the 11 week exercise training peri-
0d.>*% Two of the 11 subjects had elevated values of TNF-a (ie,
> 3.8 pg/ml) at the beginning of the study. Interestingly, their
values decreased by the midpoint of the study and were well
within normal at the 11" week. The increase in TNF-a after exer-
cise at week 11 was not statistically significant.

Since an anabolic upregulated IGF-1 response has been
implicated in muscle mass augmentation, we investigated the
effect of chronic high eccentric muscle force exercise on total
serum IGF-1 (Figure 3). Initial IGF-1 levels in the older individu-
als were lower than normal young volunteers (< 40 ng/ml), and
this is consistent with other observations that IGF-1 is generally
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Figure 2. Tumor necrosis factor (TNF)-o. (pg/ml) at the ini-
tial, pre-training time point (week 1), at the 5th week of
training and the last week of training (week 11). The TNF-o.
levels stayed within normal limits throughout the course of
the study, both prior to an eccentric exercise session (open
bars) or three hours post exercise session (filled bars). The
TNF-o levels are consistent to those reported in elderly sub-
jects. 8 Error bars = 1 SEM.
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Figure 3. Total IGF-1 (ng/ml) from serum prior to (week 1)
any eccentric resistance training, and at 5 and 11 weeks
of high eccentric force negative work. High force eccen-
tric training induced an apparent trend toward increasing
(65%) total serum IGF-1 levels as measured in duplicates by
enzyme linked immunosorbent assay (ELISA). Error bars =
1SEM.

low for aging adults.* However, upon completion of the train-
ing period there was a trend noted in serum IGF-1 levels with
initial week 1 levels increasing 65% (p > 0.05) by the end of
training, paralleling the progressive increase in negative work
over the 11 weeks. We were underpowered (0.77) with this ana-
bolic measure and predict that a sample of 12 to 15 individuals
would have been required to achieve statistical significance at
an alpha level of 0.05. Also, we could not detect sex differences
with this very small sample size as the variance between sub-
jects exceeds that which would be detectable between sexes.

Muscle Size Measurement

DXA evaluations following exercise training revealed a
statistically significant (P < 0.05) 6% increase in the combined
muscle mass of the knee flexors and extensors in this sample of
frail aging adults.

DISCUSSION

A proinflammatory reaction to muscle damage is a nor-
mal physiologic response and a necessary part of the healing
process. In the muscle literature, inflammation has been con-
sidered essential for inducing anabolic changes and for the
regeneration and hypertrophy of muscle.*? It may be that a
blunted suite of responses, ie, damage, inflammation, anabolic
and muscle growth, are typical of older exercisers though this
has yet to be unanimously corroborated.

High-force eccentric contractions, when performed by
individuals who are naive to the task, results in myofibrillar
damage and inflammation, ie, promoting significant CK and
TNF-a releases acutely.?** In this study with elderly individuals,
however, the damage and pro-inflammatory cytokine mark-
ers never increased above the normal values over the course
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of training despite the high eccentric forces and negative
work loads generated during training. Rather, the progressive,
gradually increasing exercise resulted in a trend toward increas-
ing total IGF-1 in the serum and an increase in muscle mass. It
is important to note that resistance exercises biased toward
eccentric muscle contractions can induce high muscle forces
while at low metabolic costs (see LaStayo* and Lindstedt* for
reviews). In fact, the uncoupling of exertion and muscle force
production is the key to any eccentric intervention designed
to maximize muscle growth in older, frail individuals with
comorbid conditions.’®** |mportantly during the eccentric
training, energy was not ‘expended, but rather it was absorbed
while force production in the muscle was undoubtedly high. It
is important to emphasize that damage is the consequence of
high force production by naive muscle, yet hypertrophy is the
consequence of repeated exposure to high force (ie, muscle
overload). By gradually ramping up the negative workload, it is
possible to completely uncouple the damage from the benefi-
cial effects of high muscle force production.

It remains unclear, however, if the IGF-1 response in aging
muscle experiencing an overload is blunted or non-existent
as our results due to the small sample size. Others have docu-
mented increased serum IGF-1 anabolic responses in aging
adults following 10 weeks* and 8 months® of resistance exer-
cise, while other studies of 8 weeks to 6 months report no
change in circulating IGF-1 in this age group.*'~'>* Repeated
eccentric contractions, however, do induce an increase in IGF-
1 in a younger population.** Systemic levels of IGF-1 in the
serum can regulate an anabolic muscle hypertrophy response.
The local production of IGF-1, and upregulation of specific
muscle isoforms, however, are now generally associated with
this hypertrophic response, but the increased serum level of
IGF-1 is still considered an anabolic stimulus.?’** Present lit-
erature suggests that liver production of IGF-1 is not increased
with age,*®%*” that liver IGF-1 is not an absolute necessity for
muscle growth,*® and that muscle-specific IGF-1 can be pro-
duced in response to eccentric contractions.** In addition,
animal studies have indicated the loss of the pituitary gland
and subsequent loss of GH release does not preclude muscle
hypertrophy, suggesting that this process can occur indepen-
dent of GH release.>*% These reports, in combination with our
data, suggest that the possible source of increased circulating
IGF-1 in this aging adults might be from the muscle itself.

In support of our contention that an anabolic response
occurred without an inflammatory or damage response, the
increasing IGF-1 in the serum following a high force eccentric
regimen was coupled with significant increases in leg muscle
mass. This is an important clinical finding as aging individu-
als cannot afford a systematic inflammatory response nor any
damage to muscle during rehabilitation, as their locomotor
system is often already impaired and contributing to disability.
When coupled with the previously reported 60% increase in
both quadriceps muscle fiber cross sectional area and isometric
strength in this same study population' we suggest an ana-
bolic muscle growth response occurred. The difference in DXA

Journal of Geriatric Physical Therapy Vol. 30;3:07

muscle mass values and the muscle fiber cross sectional areas
reported previously likely reflects the direct measurement of
all muscles about the femur with DXA (including the adductors
and hamstrings) in contrast to the small sample of the quadri-
ceps (the muscle group directly loaded with the exercise mode)
muscle fibers acquired with the biopsy.

Questioning the concept that muscle damage and pro-
inflammatory activity are requisite responses to successful
resistance exercise regimens is clinically important as the
resistance exercise prescription for aging individuals is based
on anticipated physiologic changes underlying muscle growth.
While challenging traditional wisdom, our data does validate
the need to more formally test whether an anabolic response
of the muscle of aging individuals can occur without an inflam-
matory response resulting from damage. These data provide
reasonable justification for larger, randomized and controlled
studies which can test this hypothesis with more rigor.
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Grant Available to Clinical Residency or Fellowship Programs!

The Section on Geriatrics is proud to support Clinical Residency or Fellowship Programs as they work
through APTA’s credentialing process.

The Section will fund up to two applications per year, up to $1500.00 each. We are pleased to announce
that both grants have been awarded for 2007. Begin planning now to apply in 2008!

Grant monies will be awarded on a “first come, first serve” basis. Grant applicants must be a
Section on Geriatrics member. For more information, please visit www.geriatricspt.org,
and click on“Clinicians,”“Geriatric Clinical Specialists.”
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