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Abstract

Objective—This review investigates the relationship between leg muscle power and the chronic
conditions of osteoarthritis, diabetes mellitus, and cardiovascular disease among older adults.
Current literature assessing the impact of chronic disease on leg power has not yet been
comprehensively characterized. Importantly, individuals with these conditions have shown
improved leg power with training.

Methods—A search was performed using PubMed to identify original studies published in
English from January 1998 to August 2013. Leg power studies, among older adults = 50 years of
age, which assessed associations with osteoarthritis, diabetes mellitus, and/or cardiovascular
disease were selected. Studies concerning post-surgery rehabilitation, case studies, and articles that
did not measure primary results were excluded.

Results—Sixteen studies met inclusion criteria, addressing osteoarthritis (n=5), diabetes mellitus
(n=5), and cardiovascular disease (n=6). Studies generally supported associations of lower leg
power among older adults with chronic disease, although small sample sizes, cross-sectional data,
homogenous populations, varied disease definitions, and inconsistent leg power methods limited
conclusions.

Conclusions—Studies suggest that osteoarthritis, diabetes mellitus, and cardiovascular disease
are associated with lower leg power compared to older adults without these conditions. These
studies are limited, however, by the heterogeneity in study populations and a lack of standardized
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measurements of leg power. Future larger studies of more diverse older adults with well-defined
chronic disease using standard measures of leg power and interventions to improve leg power in
these older adults with chronic disease are needed.
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Leg power; older adults; chronic disease; aging; muscle power

Introduction

Leg muscle power, the ability to exert force with the lower extremities quickly (Power=
Force x Velocity) (1), is a predictor of disability among older adults (2, 3). Lower leg power
is an early indicator of poor function and higher leg power may indicate preserved physical
function (4, 5). High muscle power output involves the ability to produce high muscle force
and develop high contraction velocity (6, 7). An inverse J-shaped power-load relationship
exists, where higher external resistances generate lower muscle power due to the low
velocity of the movement (8). In a similar manner, low muscle power is typically generated
at very low external resistance due to a lower force component. In contrast to the assessment
of muscle strength (most often measured during isometric conditions), muscle power can be
assessed at a variable external resistance (i.e. individual’s own body weight during sit-to-
stand) that ultimately determines the velocity of the movement. Aging adults experience
muscle power decline earlier than muscle strength decline (9, 10). Therefore, leg power
measurements may be more discriminant predictors of functional loss in older adults as well
as identify individuals with preserved physical function (3, 11, 12).

The purpose of this review is to investigate the impact of osteoarthritis (OA), diabetes
mellitus (DM), and cardiovascular disease (CVD) on leg power among older adults. These
conditions have a high prevalence among older adults (13) and are associated with
impairments of lower-extremity functioning and mobility (14-16). Individuals with OA
experience muscle atrophy, joint stiffness and a reduced range of motion (16). As a result of
decreased bone cartilage and abnormal bone formation surrounding joints affected by OA,
surrounding muscle becomes weak and stiff (17). In addition, a wide range of comorbidities,
including peripheral neuropathy and obesity, often present in DM are considered to play a
key role in decreased muscle quality (18-20). Decreased exercise capacity in older adults
with CVD may result in poorer muscle function (21, 22), as well as insufficient blood flow
to active skeletal muscle, muscle fiber loss, and demyelination of peripheral nerves (23-25).
OA, DM, and CVD are particularly important to evaluate in relationship to leg power since
they are relatively modifiable conditions and are associated with physical function loss (26—
28). Despite different pathological origins, OA, DM, and CVD share common pathways of
reduced maximum working capacity and direct and/or indirect effects on neuromuscular
function (with particular reference to muscle power), which potentially may be a pathway to
a higher risk of disability.

Varied equipment, measurement techniques, exclusion criteria, and study populations make
the direct comparison of findings across leg power studies difficult (29). When assessing
age-related declines in leg power, optimal velocities and loads are essential for obtaining
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accurate measurements (30, 31). Leg power is often measured in seated positions and
requires unilateral or bilateral leg press movements (Nottingham power rig, Concept Il
dynamometer, Keiser pneumatic leg press, isotonic mode of Biodex system IlI
dynamometer). The Nottingham power rig is a measurement device where a fixed load
(flywheel) is pushed unilaterally through a footplate during a leg press action (32). As a
result of the fixed load, it is not possible to determine which portion of the power-load curve
an individual falls. A direct consequence is that weaker individuals may work in a
disadvantaged portion of the J-shaped power-load relationship (i.e. high “relative load”
according to individual maximum power), resulting in poorer performance (8, 31). The
Concept Il dynamometer and isotonic mode of the Biodex system 11l dynamometer measure
seated leg extensor power at a fixed load, similar to the Nottingham power rig. Although
isokinetic assessments are common measures of muscle performance, these devices measure
force at a given (constant) velocity and are not the optimal leg power measures for older
adults. Other devices include force plate ergometry, where the body acts as an external
resistance during weight-bearing conditions, to assess power. These methods include
jumping mechanography (countermovement, squatting jumps), sit-to-stand movements, box
stepping tests, and bike ergometry during a two-revolution maximum (33-35). These
measures which are body-weight bearing may more closely approximate the power
necessary to maintain activities of daily living in older adults.

The relationship between leg power and chronic disease in older adults has not yet been
comprehensively examined. A limited amount of studies have assessed direct relationships
between leg power and chronic conditions in older adults, however, previous findings have
indicated a need for further investigation. Kuo et al. (36) found that each standard deviation
increase in knee extensor power was associated with a 27-42% reduction of disability
likelihood in a cohort aged = 60 years with hypertension (67%) and DM (15.7%) (p< 0.004).
Foldvari et al. (11) noted that leg power had the strongest univariate correlation to self-
reported functional status among older women with a mean of 3.2 + 1.9 chronic diseases (r=
-0.47, p< 0.0001) compared to other independent variables such as leg press strength and
chest press power. At baseline, results of Orr et al. (37) indicated a higher number of
comorbidities (most common: 76% hypertension and 84% OA), poorer muscle power, and
additional functional indicators such as gait speed, muscle contraction velocity, and percent
body fat in older obese adults with type 2 DM were related to impaired balance (p< 0.05 for
all). The mentioned studies emphasize the importance of more in-depth and mechanistic
studies to better characterize the relationships of chronic disease in older adults and leg
power.

The National Library of Medicine (PubMed) was used to identify articles published in
English from January 1998 to August 2013 on the relationship between leg power and

chronic disease. The keywords “chronic disease”, “osteoarthritis”, “diabetes”,
“cardiovascular disease”, “myocardial infarction”, “coronary artery disease”, “heart failure”,
“peripheral vascular disease”, “peripheral arterial disease”, and “hypertension” were

combined with “muscle power”, “leg power”, “quadriceps power”, and “leg extensor
power”. This search resulted in 99 articles [Figure 1]. Abstracts and full articles were
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reviewed to select relevant, original studies addressing associations between leg power and
the specified chronic diseases among older adults. Due to the scarcity of existing literature,
studies with participants > 50 years of age were chosen to comprehensively include older
adults with chronic disease impacting leg power as they approached late life.

Eighty-six studies met exclusion criteria. Articles that did not measure primary results or leg
power (n=17) and did not address the relationship between OA, DM, or CVD (n=29) were
excluded, including studies that only reported chronic disease prevalence, measured leg
power among populations with chronic disease without investigating associations, and/or
only assessed the risk of disease development. Studies concerning post-surgery leg power
rehabilitation (n=12), case studies (n=10), non-English language articles (n=15), and studies
with a mean age < 50 years (n=3) were excluded.

Three additional studies were found from a search of personal archives and cross-references.
Overall, 16 articles met the selection criteria focusing on OA (n=5), DM (n=5), and CVD
(n=6). Three of the studies used data from exercise, resistance or power training programs.
Leg power measures were assessed by the Nottingham power rig (n=7), Keiser pneumatic
leg press (n=1), half-squat test (n=1), Concept Il dynamometer (n=1), Biodex System Il
isotonic dynamometer (n=1), and various isokinetic dynamometers (n=5).

Osteoarthritis (OA)

Knee OA has rarely been studied with respect to leg power in older adults (38). Arthritis and
arthritic illnesses are the leading causes of lower-extremity disability in the United States
(39). OA affects over half of all individuals aged = 65 years (21, 40) and the incidence
increases with age (41, 42). Symptomatic OA can result in chronic pain, muscle weakness,
limited range of motion, and impaired daily activities (40). Pain and joint stiffness may
impair comprehensive muscle function testing or result in deviations in protocols (11, 43).

Knee OA has been associated with lower leg power within older adults with the disease and
in comparison to older adults without disease. Robertson et al. (29) assessed leg power and
function of patients waiting for a primary unilateral knee replacement for OA. Unilateral leg
press power (Nottingham power rig) was measured on affected and unaffected legs within
seven days to assess reliability. Without pain adjustments, affected legs had lower power
than unaffected legs with 9% CV for both legs (p< 0.05). Barker et al. (44) measured leg
power among 123 patients with clinical knee OA diagnoses. Unilateral leg extension power
(Nottingham power rig) was measured in the more symptomatic leg. The difference between
leg power of patients with and without knee OA was not statistically analyzed. However,
patients with knee OA had 75% lower leg power compared to a general population aged >
65 years (49) and 55% lower leg power compared to frail, older nursing home residents
(0.46 W/kg vs. 1.81 W/kg vs. 1.02 W/Kkg) (50). These results indicate the dramatic effect that
OA has on lower leg power in older adults.

More severe OA also is related to lower leg power. Juhakoski et al. (45) assessed the
association between leg power, self-reported pain, and physical function in 118 older adults
with hip OA. The Western Ontario and McMaster Osteoarthritis Index (WOMAC), a
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standardized questionnaire assessment of health status, was used to measure pain, stiffness,
and physical function disability (51). Unilateral leg extensor power (Concept Il
dynamometer), normalized by body weight, negatively correlated with the WOMAC pain
scale (r=-0.191, p< 0.05), WOMAC function scale (r= —0.277, p< 0.01), and positively
with the RAND 36-1tem Short-Form Health Survey of self-reported physical function (r=
0.256, p< 0.01). Berger et al. (46) investigated load-velocity and load-power relationships
among participants with varying severity of knee OA and the association with self-reported
function. Leg power was assessed, across a series of submaximal loads at maximum
velocity, during unilateral concentric knee extensions (isotonic mode of Biodex System Il
dynamometer). Functional ability was measured with the WOMAC function subscale. Leg
power among older adults with knee OA predicted a greater variance in function at lower
loads and maximum velocity. Power measured without loading (minimum resistance) and
20% maximal voluntary isometric contraction explained the greatest variances in function
(28%, p< 0.001 and 22%, p< 0.002). The study found that leg power was reduced across a
functional spectrum of knee OA and individuals with higher WOMAC scores (more severe
pain, stiffness, functional limitations) have even lower power comparatively.

Encouragingly, exercise intervention trials among older adults with and without OA have
shown positive power improvements in both groups (47, 48). Sayers et al. compared muscle
performance measures (strength, power, and speed) of community-dwelling older adults
with (48) and without OA (47) across two studies. Participants were randomized to high-
speed power training, slow-speed strength training, or a control group. Unilateral, concentric
leg extensor power (Keiser pneumatic leg press) was measured at baseline and post-training.
Significant improvements were found in leg power, after high-speed power training and
slow-speed strength training, among older adults with and without OA (p< 0.05 and p<
0.001, respectively). Therefore, older adults with OA were found to be responsive to
exercise programs and capable of improving leg power similarly to those without OA.

In conclusion, OA is strongly associated with reduced leg power among older adults and
exercise intervention programs improve leg power similarly among older adults with and
without OA. However, most studies of the relationship between OA and leg power are cross-
sectional and many of these do not include older adults without OA. Future studies may
better evaluate leg power among older adults with and without OA by using weight-bearing
condition tests such as force plate ergometry and considering multiple joints and muscle
groups.

Diabetes Mellitus (DM)

According to the Centers for Disease Control and Prevention, 10.9 million (26.9%)
individuals in the United States aged = 65 years or older have DM (52). A large increase in
prevalence among those = 75 years is expected in the future due to the diabetes epidemic and
the rising number of older adults (53). Disability is approximately two to three times greater
in diabetic older adults than those without DM (19). Type 2 DM may result in lower muscle
mass and quality, defined by muscle strength per unit of muscle mass (18, 54). This
ultimately may be related to an increased incidence of functional disability, especially in
lower-extremity mobility tasks (15, 55). Approximately 60-70% of diabetic men and women
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have mild to severe forms of nervous system diseases such as peripheral neuropathy (PN)
(56), which may additionally have a detrimental effect on muscle function, independent of
muscle mass and quality (57). Poor peripheral nerve function among diabetic individuals is
associated with worse physical performance, including gait speed, chair rise speed, muscle
strength, and subclinical functional limitations, an indicator of early functional decline (58,
59).

Muscle power may better represent the neural component of muscle function since it
incorporates velocity of movement, which is dependent on neural inputs (12, 60), and this is
likely critical for impairments in older diabetic adults. Hilton et al. (61) studied leg power in
individuals with obesity, DM, and PN, and corresponding healthy age- and sex- matched
controls. Concentric isokinetic and isometric ankle plantar-flexor and ankle dorsiflexor
power (Biodex Multi-joint System Il Pro isokinetic dynamometer) was assessed. Obese
participants with chronic DM and PN had lower ankle dorsiflexor power (83-86%) and
ankle plantar-flexor power (73-77%, p< 0.05). However, the study was limited by the
inability to separate the potential effects of obesity, DM, and PN.

Significant findings related DM to lower leg power in two cross-sectional analyses of large
aging cohort studies (62, 63). Volpato et al. (62) noted significantly lower unilateral leg
extension power (Nottingham power rig) among older adults with DM on pharmacological
therapy compared to those without DM after adjusting for age and sex (-=12.7 + 5.2 W vs.
65.8 + 1.8 W, p< 0.05). Kalyani et al. (63) assessed maximum voluntary concentric muscle
force of the right knee extensor muscle (Kin-Com isokinetic dynamometer) with leg power
calculated at peak quadriceps force in a cohort of 2573 adults aged > 50 years. Diabetic
adults had lower leg power than non-diabetic older adults after adjustment for demographics
and anthropometry (4.9 £ 2.0 W, p= 0.02).

Importantly, training has shown to improve leg power in older diabetic adults. Sacchetti et al.
(64) assessed knee extensor torque (Kin-Com isokinetic dynamometer) during maximal
contractions at different angular velocities in non-diabetic sedentary control subjects,
sedentary diabetic patients in the first (lower) quartile and fourth (higher) quartile of
peroneal motor nerve conduction velocity, and trained diabetic adults (n=12 each). Older
sedentary adults with DM had lower leg power than non-diabetic sedentary controls and
older adults with DM that had been trained. Values of strength and power were similar
between trained diabetic older adults and healthy sedentary controls, indicating that the
lower leg power in older adults with DM may be improved with training interventions.

As further evidence of improvements with training, Ibanez et al. (65) compared leg power
improvements of older sedentary men with type 2 DM to an age-matched, healthy control
group after a progressive resistance training program. Weight-bearing leg power was
assessed by lifting a bar in contact with the shoulders from a 90° knee angle to a full
extension of 180° (half-squat). External load was set to 30% of a participant’s one repetition
maximum and power was assessed at 4 weeks before training, baseline, and post-training.
Post-training gains were found in leg power among control participants (323.5 + 122.1 W
vs. 394.4 + 147.2 W, p< 0.001) and diabetic participants (239.5 + 53.9 W vs. 312.3 £ 52.8
W, p< 0.01), yet no significant post-training difference was observed between the non-
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diabetic and diabetic men (34.2% + 32.0% vs 33.0% = 21.2%). This indicates that older
adults with DM can improve leg power similarly to those without DM and that training may
be a feasible intervention to address lower leg power in older diabetic adults.

These collective results consistently found lower leg power among older adults with DM in
comparison to those without DM. Leg power was improved with training and may be a
feasible intervention for older adults with DM. However, temporal or causal relationships
were difficult to determine in the cross-sectional study designs and the training studies were
very small with a lack of extensive longitudinal follow-up to determine the long term effect
of the training.

Cardiovascular Disease (CVD)

CVD (myocardial infarction, coronary artery disease, heart failure, peripheral vascular
disease (PVD), and hypertension) is responsible for one in three reported deaths in the
United States each year (66, 67). CVD is a prominent cause of disability (67) and is
frequently associated with reduced aerobic endurance, changes in body composition, bone
loss, skeletal muscle atrophy, and weakness in older adults (21).

Suzuki et al. (23) assessed the relationship between muscle strength, muscle endurance, and
cardiopulmonary parameters in 33 outpatients with stable chronic heart failure (CHF). CHF
is associated with restrictions in peak blood flow to exercising muscle (73-75). The
cardiopulmonary measures of peak oxygen uptake and anaerobic threshold are
representative of skeletal muscle blood flow in patients with CHF. A pedal-type device
(StrengthErgo240) measured isokinetic peak muscle power. Peak muscle power had
significant correlations with peak oxygen uptake (r= 0.66, p< 0.001), anaerobic threshold (r=
0.42, p=0.0124), and increase in oxygen uptake relative to change in work rate (r= 0.43, p=
0.0128). However, further investigation including a comparison to older adults without CHF
is needed to better elucidate the relationship between muscle power and CHF.

McDermott et al. (68) measured unilateral leg extensor power (Nottingham power rig) in a
cohort of men and women aged > 60 years with and without PVD. Older adults with lower
extremity PVD had 19% lower leg power compared to those without PVD (83.69 W vs.
103.51 W, p< 0.001). Another study performed by McDermott et al. (69) that similarly
measured leg power among older men and women with and without PVVD found those with
PVD had 20% lower leg power than those without PVVD (93.49 + 52.73 W vs. 117.17 £+ 68.6
W, p< 0.001) even after adjusting for many variables including age, sex, race, comorbidities,
body mass index, smoking history, leg symptoms, and recruitment cohort. These findings
indicate that PVD is independently associated with lower leg power in older adults.

Higher mortality has also been associated with lower leg power among older adults.
McDermott et al. (70) noted lower unilateral, leg extension power (Nottingham power rig)
predicted higher all-cause mortality (p= 0.004) over a 4 year follow-up, after adjusting for
age, sex, and race, in 434 participants with PVVD. Deceased men had 24% lower baseline leg
power than surviving men (94.49 + 51.0 vs. 123.9 £ 52.1; p< 0.001) and deceased women
had 20% lower leg power than surviving women (53.84 + 30.7 vs. 67.65 £ 33.7, p= 0.04).
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Takata et al. (71) found isokinetic leg extension power (Aneropress 3500) to be significantly
lower in the deceased participants after a 4 year follow-up for mortality outcomes. In men,
but not women, baseline leg power was 13% lower in the non-surviving men (440.3 + 144.9
W vs. 505.3 + 184.6 W, p=0.0434). No significant difference existed in isokinetic baseline
leg power for those with CVD death compared to surviving men or women, however only
27/107 deaths were due to CVD. Therefore, lower leg power may predict mortality in older
adults, with possibly a stronger effect among those with PVD.

Little research exists on training programs to improve leg power among older adults with
CVD. Saunders et al. (72) assessed baseline, cross-sectional data from an exercise,
randomized controlled trial of participants after a stroke. Unilateral leg power (Nottingham
power rig) measured during hip and knee extension was not related to cardiovascular
comorbidities (ischemic heart disease, left ventricular failure, hypertension). However, the
homogeneity of the sample (high functioning, independently ambulatory subjects with
stroke) may have limited the ability to find associations and further CVD populations should
be studied.

Overall, muscle power was found to be lower among individuals with PVD. However,
restrictive eligibility criteria and lack of diversity among the CVD populations studied
limited findings. Additional well-designed longitudinal studies are needed to determine if
and to what extent leg muscle power is related to cardiovascular disease. Importantly,
training interventions should be evaluated to determine if the lower leg power among older
adults with CVD may be improved and also if this higher leg power is associated with a
corresponding decrease in CVD outcomes.

Conclusion

This review found OA, DM, and CVD to be associated with low muscle power to a variable
degree among older adults. However, a limited amount of literature exists to determine a
clear, causal relationship. Strong initial evidence exists for OA and DM associations with
lower leg power and also that training may improve leg power in these groups. Inconsistent
definitions of CVD across studies made it difficult to evaluate relationships and
subsequently produced the least conclusive results, though PVD was consistently associated
with lower leg power. Overall, cross-sectional analyses, small sample sizes, self-reported
and varied disease definitions for OA, DM and CVD, lack of consideration for other disease-
related comorbidities in analyses, and unrepresentative study populations of older adults
were weaknesses of the 16 leg power studies in this review.

In addition, the number of the leg power methods used challenged the direct comparison of
results across studies. The 16 studies in this review used 6 different measures of leg power.
Five of the 16 studies used isokinetic dynamometer power measurements, which are not an
ideal technique. Isokinetic devices measure force under constant velocity from very slow
(i.e. 30 degrees/s) to very fast (i.e. 240 degrees/s) velocities and the selected velocities varied
across studies. Seven of the studies in this review measured leg power with the Nottingham
power rig and the Keiser pneumatic leg press was used once (76, 77). These measures
involve unilateral or bilateral leg extension movements performed at maximum velocity in a
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seated position (32). The Nottingham power rig is a common and reproducible measure for
power assessment (32, 78). Similarly, the Keiser leg press has been validated with high
reproducibility in older adults (11, 43, 79, 80), although, one-repetition maximum
measurements are required prior to power measurements. Obtaining a one repetition
maximum in older adults with comorbidities associated with chronic pain and disability may
be problematic methodologically (11, 43, 79, 81). Two additional dynamometers (Concept 11
and Biodex system I11) measured leg extensor power in seated positions with a fixed load.
Although the isotonic mode of the Biodex system Il is reliable among younger populations
(82) and the Concept Il is considered comparable to the Nottingham power rig (45), these
are less common measure among older adults. Only one study utilized a weight-bearing
measure (half-squat test) (65). Nevertheless, performance-based techniques (i.e. jumping
mechanography, sit-to-stand test methods, box-stepping tests, two-revolution maximum test)
may also be important (33-35, 65). Force plate ergometry provides accurate measurements
of force and velocity through the assessment of ground reaction force and individuals may
be more capable of moving their own body weight in lieu of an external resistance. Much
greater methodologic focus needs to be applied to studies of chronic disease and leg power
in older adults, in order to determine which test is the most feasible and appropriate for
certain conditions.

Not only is the identification of a simple, standard measurement of leg muscle power
essential for future research in older adults with chronic disease, but importantly may vary
depending on the condition being considered. Furthermore, differences in tests for specific
joints and muscles (i.e. hip and knee) must be evaluated. Other disease-related comorbidities
should also be carefully adjusted for across the reviewed diseases, to ensure that primary
relationships are not explained by these. Although it may be impossible to truly attenuate the
effects of aging, the benefits of physical activity and training programs should be evaluated
in preventing or controlling for leg power decline in older adults with chronic disease (64).
Several studies suggested that exercise training may attenuate the effect of chronic disease
on lower leg power in older adults and further work is necessary to determine the timing and
mechanism of these associations for each disease. Since the leg power and chronic disease
relationship may be critical to preventing disability in older adults, future research should
focus on larger studies of diverse older adults with well-defined chronic disease, utilize
standard measures of leg power determined to be the most appropriate for the study
population, and evaluate interventions to improve leg power in older adults with these
chronic diseases.
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MEDLINE/PubMED
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t2013

disease™ OR “heart failure™ OR “pe
disease™ OR “hypertension™
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“chronic disease™ OR “osteoarthritis™ OR
“diabetes™ OR “cardiovascular discase”
“myocardial infarction™ OR “coronary artery

vascular disease” OR *“peripheral arterial

ripheral

AND

N

“muscle power” OR “leg power” OR
“quadriceps power™” OR “leg extensor
power”

n= 1,564

\

/

99 Articles

/

\

Excluded Articles (86):

* No leg power measure (17)
No disease relationship (29)

Included:
13 Articles

Hand Search:
3 Articles

* Post-surgery rehabilitation (12) \ %

* Case study (10)

* Non-English Language (15) Total:

* Mean Participant Age < 50 years (3) 16 Articles
Figure 1.

Literature review search strategy and selection criteria of MEDLINE/PubMED articles
(January 1998 — August 2013) on the relationship between leg power and selected chronic
disease (OA, DM, and CVD) in older adults
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