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Abstract

Background/Purpose: Deterioration of body composition
with advancing age is related to functional decline. This
study examined the effects of a novel progressive exercise
training program on body composition in individuals > 70 y,
at risk of losing functional independence.

Methods: Fifty participants (33 females, 75 + 4.5 y) per-
formed 45-60 min sessions, 3 times per week, for a total
of 12 weeks. Training consisted of 2 distinct phases. For
Phase | (First 4 weeks) participants were randomized to aer-
obic training consisting of walking or cycling at 50% of heart
rate reserve, or PRIME (Peripheral Remodeling through
Intermittent Muscular Exercise) designed to stimulate the
major muscle groups (8 targeted exercises) at 40%-50%
of maximal voluntary capacity, for a duration of 3-6 min, or
45 to 90 contractions. Phase | was followed by 8 weeks of
combined aerobic and resistance training using established
exercise guidelines (phase Il). Body composition (Fat Free
Mass, Fat Mass, body fat %, Skeletal Muscle Index, bone
mineral content and density) were measured using Dual

Changes in Bone Mineral Content and Bone Mineral Den-
sity were significantly greater for PRIME compared to the
aerobically trained group (p < 0.05).

Conclusion: Both groups improved body fat percentage,
increased SMI, and BMC and BMD, in specific sites mea-
sured. Uniquely, participants whom initiated training with
PRIME experienced greater improvements in BMC and
BMD. These data support a paradigm shift in the order of
exercise training, for older adults at risk of losing indepen-
dence, with initial emphasis on a moderate to high intensity
localized exercise stimulus, rather than moderate to high
intensity systemic exercise.

Keywords

Exercise, Skeletal muscle index, Bone mineral density, Ag-
ing

Introduction

Aging is associated with significant changes in body

X-ray Absorptiometry, before (V1), and after Phase | (V2)
and Il (V3).

Results: Compared to V1, V3 values for Body Fat% (p =
0.005) decreased, and Fat Free Mass (p = 0.03) and Skeletal
Muscle Index (p = 0.05) increased, in both groups. Changes

composition. Evidence from the Baltimore Longitudinal
Aging Study (BLAS) demonstrates Fat Free Mass (FFM)
increases up to the 3™ decade of life, after which it re-
mains relatively stable until an accelerated decline,
starting at age of 50 for men and 60 for women [1].
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Body fat increases until ~ 65 years [2] and redistributes  ed with a threshold for loss of functional independence
to the abdominal area and visceral organs [3]. The life- [16]. The recruitment process involved phone screen
time apex for bone mass (i.e., peak bone mass) occursin interviews to determine participant eligibility. Qualify-
early adulthood [4]. Then, from the 4" to the end of the  ing participants then attended an orientation visit, in-
8t decade, men and women lose 19% and 39% trabec- cluding an explanation of study procedures, signing of
ular BMD, respectively [5]. Collectively body compen-  an informed consent, a review of medical history, and a
sation changes contribute to reduced cardiorespirato-  6-min walk test [17]. Using previous data from the Lou-
ry capacity [1], and increased risk for cardio-metabolic  isiana Healthy Aging Study (n = 286, unpublished), sub-
disease [6,7], sarcopenia [8], osteopenia [9],and frailty  jects who walked between 200 and 450 m in a standard
[10]. Importantly, physical inactivity exacerbates the 6-min walk test had a VO,peak of approximately 15-20
age-dependent changes in body composition [11]. As ml/kg/min and could proceed to the baseline testing
the proportion of people worldwide above 65 yr contin-  Visits.

ues to grow to 16% by 2050 [12], and physical inactivity

- Study design
remains a global problem [11], the prevalence of these
conditions will rise, requiring innovative strategies to The current report is a 2-arm, prospective pilot ran-
reduce the socio-economic challenges associated with ~domized trial with participants assigned, to 4 weeks of
aging. standard PRIME or AT (Phase |, detailed below). This

was followed by 8 weeks of progressive whole-body AT/
RT by all participants (Phase Il). All individuals gave their
informed consent prior to inclusion in the study. The

Exercise training is recognized as an effective counter-
measure to changes in body composition with advancing

age [13]; however, optimal exercise training strategies  g,dy was conducted at the Pennington Biomedical Re-
and/or dosing are not fully known. We have previously  search Center, Baton Rouge, LA. The research protocol

reported that participants in the Peripheral Remodeling 55 reviewed and approved annually by the institution-
through Intermittent Muscular Exercise (PRIME) trial 5| ethics committee.

[14] experienced greater increases in cardiorespiratory .
and muscular fitness and physical function when a com-  Participants

bination of aerobic (AT) and Resistance Training (RT), Individuals over the age of 70, and who walked be-
was preceded by 4 weeks of moderate to high inten-  t\een 200 to 450 m on a 6-min walk test were eligible
sity localized muscular exercise (PRIME), compared to  for participation. Specific exclusion criteria included any
moderate to high intensity systemic exercise (AT). The  ynstable or uncontrolled medical conditions. If a vol-
rationale for PRIME was based on: (1) Evidence from  ynteer was eligible, they initiated baseline testing (V1)
the BLAS that accelerated decline in VOZPeak after 65y  followed by randomization to one of two groups (a) 4
is primarily due to reduced peripheral blood flow, skele-  \yeeks of PRIME or (b) 4 weeks of AT (Phase ). After com-
tal muscle mass and metabolism [1];and (2) The preva-  pletion of Phase |, participants completed an intermedi-
lence of systemic limitations preventing many elderly to  ate testing assessment (V2), followed by Phase II, which
achieve an adequate intensity of exercise to stimulate  consisted of 8 weeks of a AT/RT based on published
the peripheral barriers [15]. physical activity guidelines for older adults [13,18,19].
After phase ll, participants completed a final follow-up
visit (V3). Both follow-up visits were performed within 5
d of the final Phase | and Il training sessions, to minimize
any detraining effects. All testing procedures between
Phase | and Il were completed in less than 7 d.

The purpose of the study was: (1) To examine the
effects of 12 weeks of exercise training on body compo-
sition, including (body weight, Fat and FFM, Bone Min-
eral Content (BMC), and Bone Mineral Density (BMD)),
in elderly at risk for losing functional independence,
and (2) To determine if preceding AT/RT, by 4 weeks of  Exercise interventions
PRIME or AT, would contribute to differential body com-
position responses. It was hypothesized that 12 weeks
of exercise training would improve body composition in
elderly at risk for losing functional independence, and
that the improvements would be greater in those ran-
domized to PRIME compared to AT during the initial 4
weeks of training.

All training sessions lasted 45-60 min, including
warm-up, training, and cooldown, and were conducted
three times per week for a total of 12 wk. Participants
assigned to PRIME, during Phase |, performed eight ex-
ercises (see Table 1). Each exercise involved contrac-
tions at a moderate load, defined as 40%-50% of max-
imal voluntary capacity, for a duration of up to 6 min.
Methods Participants assigned to AT during Phase | performed
whole-body aerobic exercise at 50% of Heart Rate Re-
serve (HRR) on an Airdyne cycle ergometer (Nautilus,

The goal was to enroll participants over the age of Inc., Vancouver, WA) using both arms and legs for 20
70, and at risk for losing functional independence based ~ minutes (including a 5-minute warm-up) and then
on a peak cardiorespiratory capacity (Vozpeak) of 15-20 walked on a treadmill for 25 minutes (including a 5-min-
mL/kg/min. This range has been shown to be associat- ute cooldown).
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Table 1: PRIME exercise protocol.

Exercise d/wk Duration | Starting Int Progression Cadence Comments
(min)
Calf Raises 3 5 Body Weight | 8%-10% of body weight 4 sec Both legs
Handgrip 3 5 50% MVC 8%-10% of previous load | %4 sec Alternating hands
Leg Press 3 6 40-50% MVC  8%-10% of previous load | 4 sec Both legs
Seated Row 3 5 40-50% MVC  8%-10% of previous load | 74 sec Both arms
Chest Press 3 5 40-50% MVC  8%-10% of previous load | Y4 sec Both arms
Modified Squat 3 5 Body Weight | 8%-10% of previous load | V4 sec Use of chair or exercise ball
Low Back 3 3 As Tolerated  8%-10% of previous load | 74 sec Crossed arms
Abdomen 3 3 As Tolerated  8%-10% of previous load | 74 sec Pads on movement arm on
chest

Abbreviations: d/wk = days per week; Int = Intensity; MVC = Maximal Voluntary Contraction

Volume for each exercise was calculated by multiply- dence intervals, where appropriate. Baseline and demo-
ing weight lifted by the number of repetitions and cal- graphic data were examined for group differences us-
culated as volume per exercise, and total volume lifted ing t-tests. To address the main hypothesis, the change
per session. Heart rate responses to exercise were mon- scores from baseline (V1) to 12 wk (V3) for the primary
itored via Polar heart rate monitors (RS 400; Polar, Kam- end points were analyzed. Then, data were analyzed by
pele, Finland) and data were analyzed for time spent in  a repeated measure mixed model, assessing the change
the prescribed training range and average heart rate after each phase, controlling for the baseline of the out-
achieved during each session. Total energy expenditure come under study. Each model assessed group by time
was estimated using published metabolic equations interactions, and the main effect.

[20]. Part|C|pant§ were progressed, as tolerated, over Results
subsequent sessions.

Phase Il consisted of 8 weeks of combined AT/RT us- Participant characteristics

ing established guidelines [13,18,19]. Participants per- Fifty adults (27 females, 75 + 4.5 y) were included
formed 40 minutes of AT (cycle ergometer and tread- in this analysis. Baseline data are presented for both
mill), and one set of 10-15 repetitions using 8 RT exercis- PRIME and AT in Table 2. The most common medical
es. Participants were encouraged to work at 60%-85% of  diagnoses for participants were: Hypertension (51%),
HRR. RT load was increased by 10% for the next session, Hypothyroidism (32%), Osteoarthritis (28%), Peripher-
if the participant could perform the 15th lift of the set. al Neuropathy (23%), Cancer (16%), and Cardiovascular
Static stretches were performed after each exercise. Disease (15%). The most common medications included
anti-hypertensives, and Lipid and thyroid drugs. Medical
diagnoses and medications were equally distributed be-
Body composition was measured by Dual X-ray Ab- tween groups.
sorptiometry (DXA, QDR 4500A, Hologic Inc., Bedford,
MA). Whole body scans were analyzed for Fat Mass,
FFM, BMC, and BMD. Whole body scans were region- Bi-weekly exercise data are presented in Table 3.
alized into head, left arm, right arm, left ribs, right ribs, The data include average intensity during each ses-
thoracic spine, lumbar spine, pelvis, left leg, and right Sion, progression across the study for volume lifted,

leg components using established analysis lines and ref- and estimated energy expenditure (Phase | AT only).
erence points [21]. The intensity of training for PRIME during Phase |

. ) ranged from 41.2 + 21.5% to 45.8 + 24.3% HRR com-
Add!honal variables calculated from the raw DXA pared to 56.7 + 15.5% to 64.5 + 15.5% HRR for AT
scores included: (1) Skeletal Muscle Mass Index (SMI), (Group comparison, p = 0.01).

defined by the sum of Appendicular Skeletal Muscle

(AMS) divided by height [2,22]; and (2) the sum of the Body composition

BMC (BMCcore) and BMD scores (BMDcore) calculated Body weight did not change. Body fat % decreased

from the content and density values of the ribs, thoracic i hoth groups (p = 0.005), and to a greater extent in

and lumbar spine, and the pelvis. AT (Fat %: PRIME: A -0.47 [95% Cl: -0.98 to 0.04]; AT: A

-0.98% [95% Cl: -1.44 to -0.50], p = 0.009). The reduction

in fat mass was greater in AT (Fat Mass: PRIME: A -483
Statistical analyses were performed using IBM SPSS g [95% Cl: -748 to 252]; AT: A -1039 g [95% Cl: -1546 to

Statistics Version 24 (IBM, Inc., Armonk, NY). Data are  _ggg], p = 0.05). Lean mass increased in both groups (p =

presented as mean (SD) or mean change and 95% confi- 0 .03), (Lean Mass: PRIME: A 327 g [95% Cl: -166 to 820];
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Table 2: Study Participants Baseline (V1) Characteristics.

All (n = 50) PRIME (n = 23) AT (n=27)
Age 75.0 £ 4.52 75.0 £ 3.98 75.0 £4.97
Gender
Female 33 16 17
Resting Hemodynamics
Heart Rate 67.5+8.21 67.0 £ 7.02 68.5 £ 9.31
Systolic Blood Pressure 130.8 £ 13.23 131.9+£13.95 130.3 £12.75
Diastolic Blood Pressure 72.8 +8.83 73.6 +10.16 72.1+£7.53
Body Composition
Height 164.58 + 8.54 165.2 £ 9.06 163.7 £ 8.18
Weight 80.97 + 16.45 82.48 + 20.17 79.7 £ 12.48
Fat Mass 31.26 £8.77 29.98 £ 7.11 32.36 £+ 9.36
Lean Mass 50.43 + 11.46 49.14 £ 10.95 51.73 +11.64
SMI (AMS/m2) 6.44 + 1.59 6.25+1.49 6.60 £ 1.67
Bone Mineral Density
Arms 0.76 £ 0.11 0.73+0.11 0.77 £ 0.11
Ribs 0.68+0.12 0.67 £ 0.10 0.70+0.14
Thoracic Spine 0.97 £ 0.16 0.94 +0.17 1.00 £ 0.15
Lumbar Spine 1.04 £0.22 1.02+0.24 1.06 £ 0.21
Pelvis 1.20+£0.17 1.18 £ 0.17 1.22+0.17
Legs 1.20£0.19 1.18 £ 0.20 1.22+0.18
Values are means + SD
Table 3: Bi-weekly exercise training data.
Phase 1 Phase 2
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
PRIME Weeks 1&2 Weeks 3&4 Weeks 5&6 Weeks 7&8 Weeks 9&10 Weeks 11&12
Volume Lifted, Ibs 37291 £ 7637 42143 +7603 10965 +2917 12837 +3024 | 13172+3288 | 14305 + 2699
Intensity, % HRR 4121215 458+24.3 60.0+19.2 65.6+17.3 70.3+16.7 71.0+19.3
EE, Kcal N/A N/A 130 + 33.7 162 +41.0 177 £ 455 188 +47.0
AT Weeks 1&2 Weeks 3&4 Weeks 5&6 Weeks 7&8 Weeks 9&10 Weeks 11&12
Volume Lifted, Ibs  N/A N/A 11084 + 3260 12867 £ 3642 14304 + 4061 15080 + 4412
Intensity, % HRR 56.7 £ 15.5 64.5+15.5 62.0+19.5 65.9 + 16.2 68.3+14.5 69.1+15.3
EE, Kcal 160 * 36.5 191 +£39.9 166 + 35.0 183 + 38.5 196 + 48.1 206 + 52.5

Abbreviations: SD = Standard Deviation, HRR = Heart Rate Reserve, EE = Energy expenditure. N/A = Not Applicable.
Data presented bi-weekly with per-session (3 sessions per week) averages. p < 0.05, Phase | group comparison for exercise

intensity

AT: A 232 g [95% Cl: -350.88 to 815.24]). Finally, SMI in-

creased in both groups (p = 0.05) from V1 to V3.

Bone mineral content and bone mineral density

Data for BMC and BMD are presented in Table 4 and
Table 5. The Tables provide p-values for time effect,
group by time interaction, and group differences for
the change scores from V2 to V1, and from V3 to V1.
For those in PRIME, BMC improved at the ribs, thorac-
ic spine, and pelvis. For AT BMC decreased at the ribs,
and Thoracic Spine. Change scores (V3-V1) between
groups were: (1) Arms (PRIME: -2.81 g[95% Cl: -5.63 to
0.01]; AT: -2.02 g [95% Cl: -4.62 to 0.59], p = 0.68); (2)
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Ribs (PRIME: 5.61 g [95% Cl: 0.73 to 10.49]; AT: -441¢g

[95% ClI: -8.92 to 0.09], p = 0.004); (3) Thoracic Spine

(PRIME: 6.31 g [95% Cl: -3.11 to 15.74]; AT: -8.92 g [95%
Cl: -17.62 to -0.23], p = 0.02), Lumbar spine (PRIME:
2.64 g [95% CI: -1.68 to 6.96]; AT: 5.83 g [95% CI: 1.84
to 9.82], p = 0.28), Pelvis (PRIME: 1.72 g [95% Cl: -3.68
to 7.13]; AT: -1.15 g [95% Cl: -6.13 to 3.84], p = 0.44),
Legs (PRIME: 3.46 g [95% Cl: -4.58 to 11.49]; AT: -2.67
g [95% Cl: -10.09 to 4.74], p = 0.27), and for BMCcore
(PRIME: 14.54 g [95% Cl: 4.48 to 24.61]; AT: -8.28 g [95%
Cl: -17.57 to 1.01], p = 0.002).

BMD improved at the ribs, thoracic and lum-
bar spine, and pelvis, for PRIME, and AT at the pel-
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Table 4: Bone mineral content (grams) for V1, V2, and V3.

Group Bound AT PRIME p-values

Time Grp’ Grp Diff for ' Grp Diff for
Effect |Time AV2-V1 A V3-V1

Arms Mean 167.40a 166.33 165.51 | 167.40a 166.74 90.58 0.89 0.76 1 0.84 0.68
95% Cl LB 167.40 | 163.25 162.90 167.40 163.41 170.08
uB 167.40 | 169.41 168.20 167.40 161.61 167.27
Ribs Mean 86.35a 86.66 82.49 86.35a 89.94 91.31 0.03 0.02 0.18 0.004
95% Cl LB 86.35 [82.24 78 86.35 |85.15 86.45
uB 86.35 91.09 86.97 86.35 |94.74 96.17
Thoracic  Mean 136.94a  138.96 | 127.53 136.94a 141.3 ' 144.03 0.03 0.01 0.52 0.02
95% Cl LB 136.94 130.81 117.9 136.94 132.45 133.38
uB 136.94 147.12 137.15 136.94 | 150.14 154.26
Lumbar  Mean 55.72a 58.32 62.01 55.72a 57.37 58.34 0.13 042 0.64 0.28
95% Cl LB 55.72 | 53.82 56.67 55.72 5242 5117
uB 56.72 |62.82 |67.36 55.72 6217 62.75
Pelvis Mean 225.62a | 229.36 | 224.71 225.62a|228.28 229.86 0.26 0.05 0.02 0.44
95% Cl LB 225.62 |215.61 220.14 225.62 '224.12 218.33
uB 225.62 22512 229.28 225.62 224.90 234.82
Legs Mean 451.56a 452.39 448.68 451.56a 458.71 455.07 0.80 0.50 0.36 0.27
95% Cl LB 451.56 443.55441.34 451.56 449.12 446.95
uB 451.56 461.24 |456.34 451.56 510.77 463.19
BMCcore Mean 505.23a 503.15 496.06 505.23a 518.79 520.82 0.16 0.001 0.02 0.002
95% Cl LB 505.23 |494.45 480.38 505.23 |509.35 510.95
uB 505.23 | 511.84 505.16 505.23 ' 528.22 530.70

V1 V2 V3 V1 V2 V3

Abbreviations: Grp = Group; Diff = Difference; CI-Confidence Interval; V1 = Visit 1; V1 = Visit 1; V2 = Visit 2; V3 = Visit 3; A =
Change score; LB = Lower Bound; UB = Upper Bound; BMC = Bone Mineral Content.

Table 5: Bone mineral density (g/cm?®) for V1, V2, and V3.

Group AT PRIME p-values
Time - Grp Diff for - Grp Diff for
V1 V2 V3 V1 V2 V3 Effect Grp'Time AV A V3V
Arms Mean 0.76a 0.74 0.75 0.76a 0.75 0.75 0.12 0.40 0.19 0.74

95% CI LB 0.76 0.73 0.73 0.76 0.74 0.73
UuB 0.76 0.75 0.76 0.76 0.77 0.76
Ribs Mean 0.68a | 0.69 0.68 0.68a 0.70 0.71 0.005 0.06 0.28 0.05
95% Cl LB 0.68 0.68 0.66 0.68 0.69 0.69
UB 0.68 0.71 0.70 0.68 0.72 0.73
Thoracic  Mean 0.97a 1.00 0.98 0.97a 1.00 1.04 0.11  0.003 0.62 0.007
95% CI LB 0.97 0.97 0.95 0.97 0.96 1.01
uB 0.97 1.03 1.01 0.97 1.03 1.08
Lumbar  Mean 1.05a | 1.05 1.05 1.05a | 1.09 1.09 0.69 |0.03 0.18 0.05
95% Cl LB 1.05 1.03 1.02 1.05 1.06 1.06
uB 1.05 1.08 1.08 1.05 1.12 1.12
Pelvis Mean 1.12a 1.20 1.21 1.12a 1.20 1.22 0.04 |0.73 0.62 0.38
95% CI LB 1.12 1.18 1.20 1.12 1.18 1.21
uB 1.12 1.21 1.23 1.12 1.22 1.256
Legs Mean 1.20a 1.19 1.18 1.20a 1.20 1.20 0.60 0.33 0.49 0.31
95% CI LB 1 1.20 1.18 1.17 1.20 1.18 1.18
UB 1.20 1.20 1.21 1.20 1.22 1.21
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BMDcore Mean 3.90a 3.93 3.92 3.90a |3.99 4.07 0.23 1 0.0001 0.20 0.001
95% Cl LB 3.90 3.88 3.87 3.90 3.93 4.04
UB 3.90 3.98 3.97 3.90 4.01 4.13

Abbreviations: Grp = Group; Diff = Difference; Cl-Confidence Interval; V1 = Visit 1; V1 = Visit 1; V2 = Visit 2; V3 = Visit 3; A =
Change score; LB = Lower Bound; UB = Upper Bound; BMD = Bone Mineral Density
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Figure 1a: Individual BMCcore changes after 12 weeks of exercise training.

vis. Change scores (V3-V1) between groups were:(1) Discussion
Arms: PRIME: 0.030 g/cm3® [0.070 to 0.054]; AT:
-0.004 g/cm?® [-8.69-2.15], p = 0.04, (2) Ribs (PRIME:
0.036 g/cm3 [95% Cl: 0.014 to 0.057]; AT: -0.003 g
[95% Cl: -0.022 to 0.016], p = 0.009); (3) Thoracic
Spine (PRIME: 0.071 g/cm?3 [95% CI: 0.039 to 0.103];
AT:0.009 g/cm3[95% CI: -0.018 to 0.037], p = 0.0001),
Lumbar spine (PRIME: 0.046 g/cm3 [95% CI: 0.013 to
0.079]; AT: 0.002 g/cm?® [95% CI: -0.027 to 0.030], p
= 0.82), Pelvis (PRIME: 0.025 g/cm? [95% Cl: 0.006 to
0.043]; AT: 0.014 g/cm?® [95% CI: -0.003 to 0.030], p
= 0.24), Legs (PRIME: -0.002 g/cm?® [95% CI: -0.017 to  Body composition
0.014]; AT: -0.018 g/cm?® [95% ClI: -0.031 to -0.004], p
= 0.23), and for BMDcore (PRIME: 0.206 g/cm? [95%
Cl: 0.140 t0 0.271]; AT: 0.001 g/cm3 [95% CI: -0.058 to
0.058], p = 0.0001).

The unique contributions of this study are 2-fold: (1)
Participants whom initiated training with PRIME experi-
enced greater improvements in BMC and BMD, and (2)
Starting an exercise program for older adults at risk of
losing independence, using a low intensity systemic, yet
moderate to high intensity localized exercise stimulus,
represent a novel approach which may be beneficial to
those with cardiorespiratory or other systemic limita-
tions.

Both groups decreased percent body fat. The ~1%
decrease in percent fat is similar to those observed in
the original study from Pollock’s laboratory, comparing
AT and RT responses in 70 to 79-year-olds [23]. Similar-

Individual changes in BMCcore and BMDcore are de- ly changes in fat mass were greater in those who per-
picted in Figure 1a and Figure 1b. Those randomized to  formed AT only [23]. Importantly, both groups increased
PRIME had a greater likelihood of improvement in BMC-  SMI. These changes are relevant in that SMI is used to
core and BMDcore after Phase I, with 70% of PRIME jdentify those considered sarcopenic [22,24]. The PRIME
versus 25% of AT (Figure 1a) and 78% of PRIME versus study was not powered to address this issue directly, so
55% of AT (Figure 1b) demonstrating improvements, re-  we remain conservative, only to suggest exercise train-
spectively. ing serves as a countermeasure to advancing sarco-
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Figure 1b: Individual BMDcore changes after 12 weeks of exercise training.

penia. Future studies should address the value of SMI in Phase I. Consequently, the specific sites received con-
changes in regard to maintaining independence. The siderable and progressive stimulation. Arguably, the AT
small changes in FFM may be due to neural adaptations, group did not receive such a consistent stimulus, during
rather than hypertrophy [25]. Phase |, except for the Pelvic area, due to its involve-
ment in cycling and walking. Finally, PRIME participants
responded to the training period in a more favorable
A unique finding within this report is the observed manner, with 16 and 18 out of 23 PRIME participants re-
increases in BMC and BMD, particularly in the PRIME porting an increase in BMCcore and BMDcore vs. 7 and
group. The findings BMC and BMD increased to a greater 15 out of 27 of AT participants, respectively.
extent in PRIME versus AT suggests the differential load-
ing conditions in Phase | were important in the overall
training response. The confidence in the observed find-
ings may be explained as follows: (1) The number of tar-
geted exercises used, in PRIME, during PHASE I; (2) The
progression in the mechanical loading conditions within
Phase |, in the targeted areas; (3) The similarities in the
responses between PRIME and AT in the pelvic area; and
(4) The individual responses in BMC and BMD in those
randomized to PRIME or AT. In regard to the first point,
six of 8 PRIME exercises aimed to target core strength,
involving many of the areas and sites measured with the
DXA. The delivery of these exercises was such that the
load and cycle number were high, as shown to be re-
quired [26]. Moreover, the exercises were developed to
ensure sufficient overlap on major muscle groups and
joints. Thus, most muscle groups, in PRIME, received The greater improvements in BMC and BMD, in
multiple loading conditions, within the same session, PRIME, evident after 12 weeks are, intriguing. During
potentially optimizing the stimulus for adaptation. In Phase Il of the intervention both groups trained at simi-
addition, those involved in PRIME had an increase in lar intensities and progressed equally (Table 3): We can
volume/load of ~14% from week 1 & 2 to week 3 & 4, only speculate the initial training period provided a su-
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The observed increases in this study, seen within 3
months, are of similar magnitude to studies with train-
ing programs over 6 months. For example, a recent sys-
tematic review examining BMD changes in older adults
following exercise training showed the earliest evidence
for change around 4 months [26]. In fact, the first study
to report a change in BMC of ~5% after 6 months of walk-
ing at an intensity of 70-90% VO,max was performed in
post-menopausal women [27]. However, most studies
that have examined the effects of AT on BMC and BMD
reported no increase unless high mechanical loads are
generated at the bone [26]. RT provides more consis-
tent evidence of increased BMC and BMD in older pop-
ulations, after 6 months. The gains typically involve only
the areas that receive the mechanical load [26].
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perior signal for adaptation that subsequently carried Conclusion
through phase Il. It is premature to suggest underlying
mechanisms for the changes, but evidence indicates
the skeletal muscle secretome is sensitive to mechani-
cal contractions [28]. The subsequent effects of muscle
contractions may produce specific myokines involved in
triggering a number of pathways contributing to end-or-
gan responses, including bone [29].

Exercise training for older adults at risk of losing in-
dependence results in beneficial changes in body com-
position. Importantly, this study highlights the feasibili-
ty and superiority of initiating exercise training using a
low intensity systemic, yet moderate to high intensity
localized exercise stimulus, as it relates to bone health.
As such these data support further research to examine
Clinical relevance the need for a shift in the paradigm of initiating exercise
training in the elderly from the traditional moderate to
high intensity systemic exercise stimulus, toward the
use of moderate to high intensity localized exercise.

According to Wolfe: “Elderly individuals particular-
ly women, are often too weak to perform the intensity
of exercise necessary to induce the same magnitude of
physiologic adaptations that occur in younger” [30]. I Competing Interests
fact, many individuals are not able to perform at a high
enough intensity of exercise to induce adaptations be-
cause of systemic limitations. The current study offers
a novel approach that allows for significant changes Authors’ Contributions
in physiologic and functional phenotypes, if training is
initiated with a low-mass, high-repetition/volume me-
chanical loading scheme under a relatively low systemic
strain, and followed by training guidelines as recom-
mended by American College of Sports Medicine/Amer-
ican Heart Association guidelines) [19].

The authors declare that they have no competing in-
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Exercise guidelines for older individuals include rec-
ommendations for a well-rounded training program ap-
plied in the context of the participant’s needs, goals, and
baseline functional abilities, and with a gradual progres-
sion in duration and intensity of effort for cardio-respi- This work was supported by the National Institutes of
ratory, muscular strength and endurance, and flexibility ~Aging (grant no. 1RC1AG035822, 2009).
components [13,18,19]. The recommendations provide
little insight how to incorporate principles of specifici-
ty, overload and progression into the regimen in order
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