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Opening Commentary
Donna Richardson Joyner, Member
President’s Council on Fitness, Sports & Nutrition

In reviewing the Fall 2015 issue of Elevate 
Health, I started to reflect on the importance  
of being physically active and practicing good 
nutrition across the lifespan. 

In the course of my career, I have been blessed to 

participate in a variety of physical pursuits to promote 

healthy lifestyles and good nutrition. I’m blessed to be able 

to be physically fit and able to move on a daily basis. It’s my 

passion and purpose to spread the gospel of good health; 

mind, body, and spirit. However, without the opportunities 

that I have been given, I do not think that I would be able 

to continue to encourage people to be fit throughout  

their lifespans. 

Physical activity is a huge part of my daily life and I 

encourage others to get out and move every day. Whether 

you walk it, roll it, dance it, or hike it, being physically active 

means that you are building muscles, improving your 

balance, and combating the bone loss that is associated with growing older. On top of all that, it 

makes you feel better, too. Older adults have a wide variety of mechanisms to help them stay active 

and improve their bone health. 

I observed the importance of being physically active on bone and musculoskeletal health while I was 

caring for my father. As he aged and lost his abilities he became more and more frail, eventually 

ending up in a wheelchair. I believe that over his lifetime, physical activity kept him mobile and healthy 

for a great number of years. I was blessed to be a part of caring for my father and I credit physical 

activity and good nutrition for keeping him healthy as long as it did. 

Bess Dawson-Hughes, M.D., and Susan S. Harris, D.Sc., discuss the importance of the various types of 

dietary and physical activity choices that older adults can make to retain bone and musculoskeletal 

health as they age. These choices help older adults preserve bone mass and muscle function while 

ensuring prevention of falls. There is a wide body of evidence-based research that indicates physical 

activity and good nutrition help preserve both bone mass and muscle function in older adults.

Whether you walk it, roll it, dance it,  
or hike it, being physically active means that you are 
building muscles, improving your balance, and combating 
the bone loss that is associated with growing older.

Donna Richardson Joyner
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Older Adults—Nutrition and Physical Activity 
Approaches to Improving Bone Health, Musculoskeletal 
Health, and Reducing Falls

Introduction
Both muscle and bone mass decline with age. 
By age 80 years, the average older adult has 
lost thirty percent (30%) of his or her muscle 
mass.1 Muscle strength declines even more 
rapidly than bone or muscle mass, or by 55% 
to 76%, by age 80 years.2 Bone mass in older 
adults is a function of the peak (or maximal) 
mass achieved by about 25 years of age, and 
the amount lost, generally beginning at 
about age 50. In women, bone loss averages 
2–3% per year over the first 5–8 years after 
menopause and then slows to about 1% per 
year. In men, loss averages 1% per year after 
age 50. Peak mass by age 25 is largely 
determined by genetics (about 80%), with 
lifestyle playing a less important role (20%). 
With aging, however, genetic influence 
wanes. By age 40 to 45, the genetic contribu-
tion declines to 40% to 70% and by age 65, 
there is little or no genetic contribution to 
bone loss.3 Thus, among older adults, lifestyle 
and other environmental factors become 
increasingly important for preserving bone 
health.

Diet and exercise are important determinants 
of bone and muscle strength, and the choices 
we make will strongly influence musculoskel-
etal health as we age. Preventing muscle 
wasting, which generally occurs at a rate of 
1% per year in older adults, is important 
because it lowers risk of falls and associated 
injuries. Preventing bone loss is important 
because for every 10% decline in bone mass, 
there is an approximate doubling of fracture 
risk for both men and women.4,5 Women are 
at increased risk for osteoporosis because they 
achieve a lower peak mass than men and they 
lose bone rapidly for the first 5 to 8 years 
after menopause. 

Bone mass is usually assessed by bone 
mineral density (BMD) scans of the spine 
and hip. These scans are performed by 
dual-energy X-ray absorptiometry, or DXA. 
BMD is expressed as the amount of mineral-
ized tissue in the area scanned. This measure-
ment is noninvasive, has very low radiation 
exposure, and takes no more than a few 
minutes. The National Osteoporosis 
Foundation recommends that women have a 
screening DXA scan at age 65 years and men 
at age 70 years to assess their risk for 
fracture,6 and it recommends DXA scans at 
age 50 years and older for adults with known 
risk factors for fracture.

Diet and exercise are 
important determinants 
of bone and muscle 
strength, and the choices 
we make will strongly 
influence musculoskeletal 
health as we age.
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Current Problem
The individual, societal, and economic 
burdens of muscle and bone loss are 
enormous. A major consequence of muscle 
wasting is an increased risk of falling. Fall 
rates increase by an average of 10% per 
decade. By age 65 years, one in three persons 
falls each year and by age 80 years, one in 
two persons falls each year.7 Of those who 
fall, 20 to 30% sustain moderate or severe 
injuries, at least half of which are fractures.7 
Direct total cost for all fall injuries for people 
65 and older in the United States exceeded 
$19 billion in 2000.8 Based on demographic 
projections, the annual direct and indirect 
cost of fall injuries may rise to $54.9 billion 
in 2020.9 

The statistics about falls and risk of fracture 
are striking. The lifetime risk of a fracture for 
men and women is about 40%. In addition, 
one in four women will sustain a low-trauma 
fracture (i.e., a fracture caused by a fall from 
standing height or less) after age 50 years.10 
There has been an encouraging downward 
trend in risk of fracture of the hip over the 
last 15 to 20 years in the United States,11,12 

but not in rates of fracture at other skeletal 
sites.12 Despite the decline in rate of hip 
fracture, the total number of hip fractures 
expected in the United States is rising 
because the high risk population, men and 
women age 65 years and older, is increasing. 
Specifically, the number of men and women 
age 65 years and older is expected to increase 
from 40 million to 89 million between 2010 
and 2050.13 The associated health care cost of 
fractures in the United States, estimated at 
$17 billion for the year 2005, is projected to 
exceed $25 billion in 2025.14 

The high prevalence and personal, societal, 
and financial burden of musculoskeletal 
diseases provide a strong rationale for 
consideration of lifestyle factors that can slow 
the progression of muscle and bone mass 
loss. Specifically, this paper focuses on the 
role that diet and physical activity interven-
tions can play in reducing bone and muscle 
loss while lowering risk of falling in older 
adults. 

Nutrition
Calcium 

Calcium is required for muscle contractions 
and other cell functions.15 In a recent study, 
in 564 Australian women age 80–92 years, 
women consuming 2.2 or more servings per 
day of dairy foods (milk, yogurt, or cheese) 
had 3.3% more muscle mass than women 
consuming less than 1.5 servings per day.16 
Dairy serving sizes are: 8 ounces (1 cup) for 
milk and yogurt and 1.5 ounces for natural 
cheeses. Dairy foods are rich in calcium and 
they also contain protein, potassium, and 
other nutrients that may contribute to higher 
muscle mass.  

About 99% of the calcium in the human 
body is in bone, and calcium is critical for 
the development and preservation of the 
skeleton. Calcium is part of hydroxyapatite, 
the crystalline component of bone that gives 
it strength. In addition to its structural role, 
calcium intake affects bone mass in adults by 
lowering the rate at which bone is dissolved 
and replaced with new bone. A lower 
remodeling rate is desirable because it is 
associated with slower rates of bone loss. 
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Calcium intake requirements cannot be 
assessed directly and have traditionally been 
based primarily on short-term calcium 
balance studies (studies in which the amount 
of calcium from the diet that is retained in 
bone is calculated as the difference between 
calcium consumed and calcium appearing in 
the urine and stool). Randomized calcium 
intervention trials with changes in rates of 
bone loss and fractures have been used as 
supporting evidence rather than primary 
evidence of reduced fracture risk because 
there are limited quantities of trial data. In 
155 young adults with calcium intakes 
ranging from 415 to 1,740 mg per day,17 a 
study found that neutral calcium balance 
(consistent with preservation of bone mass) 
was estimated to occur at an intake of 741 
mg per day. In a reanalysis of earlier balance 
data in men,17 maximal calcium retention 
was estimated to occur at a calcium intake 
from food of 1,200 mg per day. Several other 

randomized, controlled trials have assessed 
whether supplemental calcium increased 
bone density and lowered fracture risk across 
the spectrum. A meta-analysis of these trials 
in postmenopausal women found that 
calcium supplementation increased bone 
density at the spine and hip by 1% to 2%.18 

It did not, however, significantly lower risk of 
vertebral or non-vertebral fractures.18 The 
trials included in this analysis tested calcium 
doses in the range of 500 to 2,000 mg per 
day over periods ranging from 18 months to 
4 years. Additional meta-analyses that 
included further studies similarly found no 
significant effect of calcium on fracture 
risk.19,20 Given these studies, it appears that 
supplemental calcium will improve bone 
density slightly, but calcium supplementation 
alone is not effective in preventing fractures. 

The 2011 Institute of Medicine (IOM) 
recommendations for calcium intake are 
1,000 mg per day for men age 51–70 years, 
1,200 mg per day for men age 71 years and 
older, and 1,200 mg per day for women age 
50 years and older.21

Vitamin D 

Vitamin D is acquired from the diet and 
through production of the vitamin in the 
skin in response to sun exposure. Few foods 
contain significant amounts of vitamin D 
(e.g., fortified milk, fortified breakfast cereals, 
wild salmon, and other fatty fish), so 
supplementation may be required. In 
addition, when sun exposure is lacking or 
ineffective, many people will need vitamin D 
supplements. The effectiveness of sun 
exposure in stimulating vitamin D synthesis 
is related to latitude, altitude, time of day, 
degree of skin pigmentation, sunscreen use, 
and other factors. In much of the heavily 
populated temperate zones (i.e., the latitudes 
range of 23.5 to 66.5° north and south), sun 
exposure in the winter does not promote skin 
synthesis because the needed UVB rays do 
not reach Earth’s surface. Older adults 
generally have lower vitamin D levels because 
they are less able to make vitamin D in their 
skin22 and because many avoid sun exposure. 
Absorption of ingested vitamin D (e.g., foods 
and supplements) does not appear to decline 
with aging.23 The vitamin D that is absorbed 
from the diet and that made in the skin are 
not biologically active. It becomes active only 
after it undergoes chemical changes in the 
liver and kidney. Vitamin D status is assessed 
clinically by measurement of blood levels of 
25-hydroxyvitamin D (a compound that 
helps determine whether an individual has 
enough vitamin D in his or her blood). This 
compound is not biologically active, but 
nonetheless it is the best available indicator 
of whether an individual has enough  
vitamin D. 

Older adults generally 
have lower vitamin D 
levels because they  
are less able to make  
vitamin D in their skin 
and because many avoid  
sun exposure.

Dairy foods are rich in calcium 
and they also contain protein, 
potassium, and other nutrients 
that may contribute to higher 
muscle mass.

Recommendations for calcium 
intake are 1,000 mg per day 
for men age 51–70 years, 
1,200 mg per day for men age 
71 years and older, and 1,200 
mg per day for women age 50 
years and older.
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Severe vitamin D deficiency is characterized 
clinically by profound muscle weakness, 
particularly in muscles of the thighs and 
upper arms, and by muscle pain and 
impaired gait.24,25 Mild vitamin D insuffi-
ciency is associated with impaired muscle 
performance in observational studies in older 
adults.26,27 In randomized, controlled vitamin 
D intervention trials, vitamin D supplemen-
tation improved leg muscle strength only in 
individuals with low starting vitamin D 
blood levels.28 Vitamin D may also be 
important to preserve balance in older adults. 
In two independent trials, 800 international 
units (IU) of vitamin D per day resulted in a 
28% improvement in balance over periods of 
two and 12 months.29,30 

The impact of vitamin D on risk of falling 
has been examined in several studies. 
Meta-analyses indicate that risk of falling in 
men and women is decreased by 17 to 20% 
in the trials administering 700 to 1,000 IU 
per day of vitamin D, whereas doses of 400 
IU per day were ineffective.31,32 Higher doses 
have been tested. In acute hip fracture 
patients, a dose of 2,000 IU of vitamin D per 
day was no more or less effective than 800 
IU per day in affecting fall rates.33 In older 
adults, a 500,000 IU dose given orally once 
per year, when compared with placebo, 
actually increased their risk of falling.34 

Current evidence indicates that a vitamin D 
intake in the range of 700 to 1,000 IU per 
day is the amount needed for maximum 
protection against falling and that large doses 
should be avoided. 

Vitamin D lowers rates of bone loss in older 
adults by about 50%,35,36 with most of the 
benefit occurring in winter.36 This effect on 
bone loss is too small to account for the 
impact that vitamin D has on lowering 
fracture risk (to be described below); most of 
the anti-fracture benefit from vitamin D 
likely results from its improving strength and 
balance while lowering risk of falling. Many 
randomized controlled trials have examined 
the effect of vitamin D on fracture rates in 
older men and women. A subject-level 
meta-analysis of available trials was 
performed in 31,022 persons age 65 years 
and older.37 In the group as a whole, vitamin 
D showed only a trend toward lowering risk 
of hip fracture (by 10%) when compared 
with placebo. When the data were examined 
by the amount of vitamin D taken in the 
trials (calculated as the product of dose 
administered and proportion of study pills 
taken, or adherence), there was a 30% lower 
risk of hip fracture in the highest quarter of 
intake (intake range 792 to 2,000 IU per day, 
median 800 IU per day) than in each of the 
other quarters. The highest quarter also had 
significantly lower risk of non-vertebral 
fracture (a 14% risk reduction). These 
findings suggest that an intake of at least  
800 IU of vitamin D per day is needed to 
lower fracture risk in men and women age 65 
and older. This intake is in accord with the 

IOM recommended vitamin D intake of  
800 IU per day for men and women age 71 
years and older, but higher than the intake of 
600 IU recommended for persons age 50 to 
70 years.21 This meta-analysis provides strong 
support for the findings as it contains data 
from a large number of trials, including the 
Women’s Health Initiative; it takes account 
of compliance with study pills, which was 
highly variable in the trials; and it accounted 
for vitamin D intake not only from study 
pills but also from personal supplement use 
during the trials. Meta-analyses can be used 
to estimate the dose needed to minimize 
fracture risk, but they can never be as precise 
as a single multiple-dose study with fracture 
as the primary outcome. 

Meeting the requirements for both calcium 
and vitamin D is important for preservation 
of muscle and bone mass and lowering risk 
of falls and fractures in older adults. This 
combination is also very important for 
individuals with osteoporosis who are taking 
antiresorptive drugs, which slow bone loss, 
such as alendronate, risedronate, or raloxi-
fene, or hormone therapy to prevent 
fractures, because it increases the effectiveness 
of the therapy.38,39 The IOM considers a 
vitamin D blood level (specifically, a 
25-hydroxyvitamin D level) of 20 ng/ml to 
be sufficient for the general older population, 
whereas several professional societies 
including the Endocrine Society and the 
American Society of Clinical Endocrinolo-
gists recommend minimal levels of 30 ng/ml 
for those at risk for, or with, osteoporosis. 

Foods such as fortified 
milk, fortified breakfast 
cereals, wild salmon, and 
other fatty fish contain 
significant amounts  
of vitamin D, but 
supplements may be 
required when sun 
exposure is lacking or 
ineffective. 

At least 800 IU of 
vitamin D per day is 
needed to lower fracture 
risk in men and women 
age 65 and older.
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Protein intake and the acid-base 
balance of the diet

Dietary protein favorably influences muscle 
and bone by several mechanisms. It stimu-
lates the production of a factor that promotes 
the growth of bone and muscle, IGF-1;40 
increases calcium absorption;41 and 
provides the amino acids needed to build 
bone and muscle. 

In older adults, higher protein intake has 
been associated with greater lean mass,42 with 
higher BMD of the total hip,43 and with 
reduced rates of bone loss from the hip and 
spine.44 Calcium intake appears to influence 
the impact of dietary protein on bone. 
Favorable effects of protein on rates of bone 
loss are observed at calcium intakes above 
800 mg per day, but not at lower intakes.45 
The IOM recommends a protein intake of 
0.8 g/kg per day for adults. For example, for 
a 60 kg (or 132 pound) person, 48 grams per 
day (60 X 0.8) of protein is recommended. 

The acid-base balance of the diet appears to 
influence bone and muscle loss in older 
adults. Aging is associated with a low-grade, 
progressive metabolic acidosis, where your 
blood becomes more acidic as you age.46 This 
results from the combination of age-related 
decline in kidney function (limiting the 
capacity to excrete hydrogen ions)47 and 
consumption of acid-producing diets. An 
acid-producing diet is one in which intake of 
fruits and vegetables (which are metabolized 
to alkaline bicarbonate) is inadequate to 
neutralize the intake of acid-producing cereal 
grains and protein (which are metabolized to 
sulfuric acid).48–50 Of 171 healthy older 
adults recruited for an alkali intervention 
trial, 96% had positive urinary net acid 
excretion (NAE) values, indicating that their 
usual diets were acid-producing.51 

An acidic environment has negative effects 
on muscle by mechanisms that are not well 
understood. In a small metabolic study in 
postmenopausal women on acid-producing 
high-protein diets, daily treatment with an 
alkaline salt, potassium bicarbonate, reduced 
nitrogen excretion.50 Under the conditions of 
the study, reduced nitrogen excretion was an 
indicator of reduced muscle loss. The authors 
calculated that the bicarbonate-induced 
decline in nitrogen wasting, if sustained, 
would be sufficient to offset the decline in 
muscle mass that occurs with aging. In a 
recent three-month trial, administration of 
67.5 milliequivalents (meq) of potassium 
bicarbonate per day, the amount that 
neutralized the average dietary acid load of 

the study participants, significantly lowered 
nitrogen excretion in healthy older men and 
women and improved lower extremity 
muscle power in the women.51 Long term 
studies are needed to assess the effect of alkali 
on muscle mass. Additional studies are also 
needed to identify the optimal dose of alkali 
and the optimal ratio of fruit and vegetable 
intake to grain intake. Meanwhile, adhering 
to the Dietary Guidelines for Americans, 
which recommend nine servings per day of 
fruits and vegetables and six servings per day 
of grains, seems prudent.

Diets rich in fruits and 
vegetables are associated 
with higher bone mineral 
density and with reduced 
rates of bone loss.

In older adults, higher 
protein intake has been 
associated with greater 
lean mass, with higher 
BMD of the total hip,  
and with reduced rates  
of bone loss from the hip 
and spine. Calcium intake 
appears to influence  
the impact of dietary 
protein on bone.



8    E L E V A T E  H E A L T H

Consuming acid producing diets has 
well-established negative effects on bone. It 
impairs the ability of bone tissue to regen-
erate itself 52–54 and increases the rate of bone 
breakdown.55,56 Acid also blocks the process 
by which calcium is deposited in bone.57 
Diets rich in fruits and vegetables are 
associated with higher BMD and with 
reduced rates of bone loss.58–62 In short-term 
studies, a daily dose of alkali, as potassium 
bicarbonate, over a period of one to three 
weeks lowered bone breakdown.63,64 In a 
recent randomized controlled trial, supple-
mentation with 90 meq per day of the 
alkaline salt potassium citrate (equivalent to 
the alkali in 9–12 servings of fruits and 
vegetables per day) significantly improved 
calcium balance over a six-month period.65 
Improved calcium balance implies improved 
bone mass because over 99% of the calcium 
in the body is located in bone. The effect of 
supplementation with alkali on rates of bone 
loss has been assessed in three randomized 
controlled trials. In the first, supplementa-
tion of postmenopausal women with 35 meq 
per day of an alkaline salt of potassium for 
one year reduced rates of bone loss.66 In the 
second, a two-year trial in 201 older men 
and women, a larger dose of 60 meq per day 
of potassium citrate significantly lowered 
rates of bone loss.67 In contrast, in the third 
trial, in postmenopausal women, neither 54 
meq per day of an alkaline salt of potassium 
nor the addition of three extra servings per 
day of fruits and vegetables for 2 years altered 
the rates of bone loss.68 The reasons for the 
inconsistent findings in these trials are not 
clear and further work is needed to fully 
define the effect of supplementation with 
alkali on rates of bone loss in older men    
and women. 

Acid-producing diets can be balanced by 
increasing intake of alkali-producing fruits 
and vegetables and/or by reducing intake of 
acid-producing foods, protein, and cereal 
grains. Protein intake is important for 
musculoskeletal health in older adults, and so 
a decrease in intake of this nutrient is not 
generally recommended. Alternatives are to 
increase intake of fruits and vegetables and, if 
excessive calorie intake is a concern, to 
reduce intake of cereal grains. In addition to 
their contribution of net alkali with its 
favorable effects in reducing bone turnover, 
fruits and vegetables likely have other 
beneficial effects on bone related to their 
phytonutrient and micronutrient contents.

Physical Activity
A healthy diet provides the nutrients needed 
to build and repair muscle and bone tissue. 
Movement and weight-bearing activity 
provide the stimulus needed for these 
metabolic processes to occur. The resulting 
interdependence of diet and physical activity 
is illustrated by the fact that resistance 
training produces the greatest increases in 
muscle mass and strength among older adults 
when accompanied by sufficient protein 
consumption.69 

The Physical Activity Guidelines for Americans 
recommend a mix of muscle-strengthening and 
aerobic exercise for adults age 65 years and older  
as well as balance training for those at risk for falls.
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The Physical Activity Guidelines for Americans 
(see Table 1) recommend a mix of muscle- 
strengthening and aerobic exercise for adults 
age 65 years and older as well as balance 
training for those at risk for falls.70 These 
guidelines are minimums for overall health in 
older people who are able to be active. 
Aerobic exercise (also called endurance 
training) refers to activities such as walking 
or cycling that improve aerobic capacity, the 
amount of oxygen consumed during 
maximal exercise. Muscle-strengthening 
exercise (also called resistance training) is 
intended to improve strength, or force- 
generating capacity, of muscle.71 Balance 
training targets specific neuromuscular 
components involved in postural balance.72

Aerobic exercise (endurance training) benefits 
skeletal muscle strength and function by 
increasing muscle fiber size and the number 
of capillaries supplying blood to muscle 
tissue.71 For example, the size of fibers in the 
calf muscle increased by 12% in older adults 
who walked or jogged for 45 minutes three 
times a week for 10 months at 80% of 
age-adjusted maximum heart rate (MHR).73 

Older adults who rode a stationary cycle for 
45 minutes three times per week at 70% of 
MHR had a 128% increase in oxidative 
capacity of their muscle tissue.74 

Muscle strength declines in aging. This is 
primarily due to muscle atrophy and a 
reduction in the percentage of contractile 
tissue within muscle.71 Many studies have 
shown increases in muscle strength with 
systematic training using weight machines or 
free weights.71,75–77 Most programs involve 
two to three training sessions per week at 
which 2–3 sets of 8–15 repetitions of various 
exercises are performed.71,75–77 Both low- and 
high-resistance exercises can increase muscle 
volume and strength if maximal effort is 
achieved (i.e., muscles are worked close to 
failure).78 High-tech equipment is not 
needed; strength training with elastic bands 
can also improve muscle strength in healthy 
elders.79 Specific effects of training that 
contribute to increased strength include 
increases in muscle fiber size, capillary 
density, and contractile portion of muscle 

fibers, as well as improvements in the 
recruitment and firing rates of neuromus-
cular motor units.71

A wide variety of exercise forms appear to 
benefit balance, probably because postural 
control involves many underlying physiolog-
ical systems.80,81 In aging, rapid force 
production decreases more than maximal 
force and this can reduce the neuromuscular 
response to sudden balance perturbations, 
increasing the risk for falls.82 Declines in 
visual, sensory, and vestibular systems also 
contribute to impaired balance and the risk 
for falling.80 Formal balance training 
comprises drills that specifically challenge 
balance (e.g., maintaining balance on an 
unstable surface) and that mimic the 
movements of everyday life (e.g., walking 
around obstacles). Training difficulty and 
intensity can be progressively increased to 
require increased speed of movement and a 
smaller or less stable base of support.72 

A wide variety of  
exercise forms appear  
to benefit balance, 
probably because 
postural control involves 
many underlying 
physiological systems.

 

 
Table 1. Physical Activity Guidelines for Americans:  Active Older Adults

Activity Type Duration or Frequency

Aerobic  At least 150 minutes per week at moderate intensity or  
  75 minutes per week at vigorous intensity

Muscle-Strengthening At least two days per week 

Balance Training For those at risk for falls: three or more days per week
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Although balance training is likely to benefit 
a broad range of older adults, those with 
pronounced impairments should receive 
training targeted to the specific deficits 
involved.80,83 Strength training, either alone 
or in combination with balance training, can 
also improve balance.76,84–86 A 12-month 
program that taught principles of balance 
and strength training in individuals who had 
fallen previously resulted in a 31% decrease 
in falls compared with controls.85 A 42-week 
strength training program involving all major 
muscle groups led to dynamic balance 
improvements in older women even without 
a specific balance component.76 Explosive 
strength training improves dynamic balance 
control in older adults by improving rapid 
force production.86 Exercise methods that 
involve core strengthening (e.g., certain 
calisthenics, Pilates, etc.) contribute to 
balance, perhaps by fostering more efficient 
use of the extremities.87 Tai chi and yoga have 
been shown to benefit balance to a degree 
similar to specific balance training,72 
probably through a combination of strength 
building, neuromuscular training, and 
improved body awareness. 

Rapid bone loss occurs under conditions of 
“unloading” such as bed rest or space flight.88 
In contrast, loading, whether from weight 
bearing activities such as walking or from the 
pull of muscle contractions in resistance 
training, provides a stimulus for the uptake 
of calcium into bone. A Cochran review of 
43 randomized clinical trials concluded that 
exercise can “slightly” improve BMD and 
reduce fracture risk in women.89 It suggested 
that the most effective type of exercise for 
preserving femoral neck BMD is progressive 
resistance strength training for the lower 
limbs,89 and for preserving spine BMD, 
combination exercise programs (i.e., 
involving more than one type of activity).89 
Resistance training and impact-loading 
activities also appear to preserve BMD in 
middle-aged and older men.90 As a result, the 
Endocrine Society recommends that men at 
risk for osteoporosis participate in weight-
bearing activities for 30–40 minutes three or 
four times per week.91 Studies of strength 
training with weight machines have demon-
strated small to moderate reductions in bone 
loss from the spine75,92 and hip75,92 in older 
adults. A review of walking intervention 
studies showed a positive effect of walking  

on femoral neck BMD but no significant 
effect on lumbar spine BMD.93 Much 
research has focused on the effects of physical 
activity interventions, but self-selected 
activity levels have also been linked to BMD. 
A large prospective cohort study showed that 
self-selected physical activity (mostly 
moderate) at ages 75 and older can reduce 
bone loss from the hip.94 Physical activity has 
also been linked to reduced fracture rates in 
older adults.95 Walking was associated with a 
reduced risk of hip fracture96 and a sedentary 
lifestyle with an increased risk of non-    
vertebral fractures.97 

Exercise interventions can benefit BMD and 
bone quality in individuals with osteoporosis98 
but should be carefully designed to reduce 
the risk of exercise-related falls and frac-
tures.99 In addition, to reduce the risk of 
vertebral fracture, individuals with estab-
lished osteoporosis should avoid activities 
that involve spinal flexion, especially in 
combination with twisting.100 
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Conclusion
Meeting the requirements for both calcium 
(1,000 to 1,200 mg per day) and vitamin D 
(600 to 800 IU per day) is important for the 
preservation of bone mass and for lowering 
risk of fractures. Vitamin D is also instru-
mental in preserving muscle function and 
lowering risk of falls in older adults. 
Acid-producing diets contribute to bone loss 
and muscle wasting in older adults. To 
prevent this, adults can increase consumption 
of fruits and vegetables and/or reduce intake 
of cereal grains and protein (while ensuring 
that they meet the protein requirement). The 
Dietary Guidelines for Americans recommend 
nine servings of fruits and vegetables and six 
servings of grains per day. Physical activity, 
including endurance exercise, strength 
training, and balance work, benefits the 
musculoskeletal system and reduces the risk 
of falls and fractures in older adults. For 
active older adults, the Physical Activity 
Guidelines for Americans recommend 75–150 
minutes per week of aerobic exercise and at 
least two days per week of muscle-strength-
ening exercise. In addition to providing other 
health benefits, this degree of physical 
activity can be expected to make a substantial 
contribution to preserving musculoskeletal 
health in older adults.

Scientific Summary
Abby C. King, PhD 

PCFSN Science Board

Professor, Department of Health Research and Policy, and the Stanford Prevention Research 

Center, Department of Medicine, Stanford University School of Medicine

Falls, and the potential injuries and disablement accompanying them, represent major threats to 

health and well-being as people age. Fortunately, as discussed in the article written by Dawson-

Hughes and Harris, an extensive body of evidence has shed light on the types of dietary and 

physical activity choices that older adults can make to help preserve both bone mass and muscle 

function, as well as lower their risk of falls and fall-related fractures. On the dietary front, 

recommendations include getting sufficient daily amounts of calcium, vitamin D, and protein, as 

well as reducing the amount of acid produced in the diet by eating plentiful amounts (i.e., 9 servings) 

of fruits and vegetables daily.

Just as important, daily physical activity has demonstrable positive effects on bone and muscle 

health, as well as reducing falls and fracture risk. Notably, research suggests that it is never too 

late to experience many of the health-enhancing benefits of regular physical activity. 

Recommended types of physical activity for older adults include moderate-intensity endurance 

activities (e.g., walking) on most days of the week as well as simple strengthening exercises at 

least two days per week. Simple balance exercises can be added for those at risk for falls. 

Making such healthful choices can preserve one’s musculoskeletal health and help support a vital 

old age.



12    E L E V A T E  H E A L T H

References

1. Frontera WR, Hughes VA, Fielding RA, Fiatarone 
MA, Evans WJ, Roubenoff R (2000). Aging of 
Skeletal Muscle: A 12-Yr Longitudinal Study. 
Journal of Applied Physiology, 88(4), 1321–6. Epub 
2000/04/06.

2. Goodpaster BH, Park SW, Harris TB, Kritchevsky 
SB, Nevitt M, Schwartz AV, et al. (2006). The 
Loss of Skeletal Muscle Strength, Mass, and 
Quality in Older Adults: The Health, Aging, and 
Body Composition Study. The Journals of 
Gerontology, Biological Sciences, and Medical 
Sciences, 61(10), 1059–64. Epub 2006/11/02.

3. Moayyeri A, Hammond CJ, Hart DJ, Spector TD 
(2012). Effects of Age on Genetic Influence on 
Bone Loss Over 17 Years in Women: The Healthy 
Ageing Twin Study (HATS). Journal of Bone and 
Mineral Research, 27(10), 2170–8. Epub 
2012/05/17.

4. Wasnich RD, Ross PD, Davis JW, Vogel JM 
(1989). A Comparison of Single and Multi-site 
BMC Measurements for Assessment of Spine 
Fracture Probability. Journal of Nuclear Medicine, 
30(7), 1166–71.

5. Miller PD, Bonnick SL, Rosen CJ, Altman RD, 
Avioli LV, Dequeker J, et al. (1996) Clinical 
Utility of Bone Mass Measurements in Adults: 
Consensus of an International Panel. The Society 
for Clinical Densitometry. [Review] [67 refs]. 
Seminars in Arthritis & Rheumatism, 25(6), 
361–72.

6. Dawson-Hughes B, Looker AC, Tosteson AN, 
Johansson H, Kanis JA, Melton LJ 3rd (2010). 
The Potential Impact of New National 
Osteoporosis Foundation Guidance on Treatment 
Patterns. Osteoporosis International, 21(1), 41–52. 
Epub 2009/08/26.

7. Tinetti ME, Speechley M, Ginter SF (1988). Risk 
Factors for Falls among Elderly Persons Living in 
the Community. New England Journal of Medicine, 
319(26), 1701–7.

8. Stevens JA, Corso PS, Finkelstein EA, Miller TR 
(2006). The Costs of Fatal and Non-Fatal Falls 
among Older Adults. Injury Prevention, 12(5), 
290–5. Epub 2006/10/05.

9. Englander F, Hodson TJ, Terregrossa RA (1996). 
Economic Dimensions of Slip and Fall Injuries. 
Journal of Forensic Sciences, 41(5), 733–46. Epub 
1996/09/01.

10. National Osteoporosis Foundation (2002). 
America’s Bone Health: The State of Osteoporosis and 
Low Bone Mass in Our Nation. Washington, DC: 
Author.

11. Brauer CA, Coca-Perraillon M, Cutler DM, Rosen 
AB (2009). Incidence and Mortality of Hip 
Fractures in the United States. Journal of the 
American Medicine Association, 302(14), 1573–9. 
Epub 2009/10/15.

12. Wright NC, Saag KG, Curtis JR, Smith WK, 
Kilgore ML, Morrisey MA, et al. (2012). Recent 
Trends in Hip Fracture Rates by Race/ethnicity 
among Older US Adults. Journal of Bone and 
Mineral Research, 27(11), 2325–32. Epub 
2012/06/14.

13. US Census Bureau (2008). Projections of the 
Population by Selected Age Groups and Sex for 
the United States, 2020 to 2050; US Census 
Bureau. Accessed at www.census.gov/population/
projections/data/national/2008.html 

14. Burge R, Dawson-Hughes B, Solomon DH, 
Wong JB, King A, Tosteson A (2007). Incidence 
and Economic Burden of Osteoporosis-related 
Fractures in the United States, 2005–2025. 
Journal of Bone and Mineral Research, 22(3), 
465–75.

15. Smith LR, Meyer G, Lieber RL (2013). Systems 
Analysis of Biological Networks in Skeletal Muscle 
Function. Wiley Interdisciplinary Reviews: Systems 
Biology and Medicine, 5(1), 55–71. Epub 
2012/11/29.

16. Radavelli-Bagatini S, Zhu K, Lewis JR, Prince RL 
(2014). Dairy Food Intake, Peripheral Bone 
Structure, and Muscle Mass in Elderly Ambulatory 
Women. Journal of Bone and Mineral Research, 
29(7), 1691–700. Epub 2014/01/21.

17. Spencer H, Kramer L, Lesniak M, De Bartolo M, 
Norris C, Osis D (1984). Calcium Requirements 
in Humans. Report of Original Data and a 
Review. [Review] [84 refs]. Clinical Orthopaedics 
and Related Research, 184, 270–80.

18. Shea B, Wells G, Cranney A, Zytaruk N, 
Robinson V, Griffith L, et al. (2002). Meta-
analyses of Therapies for Postmenopausal 
Osteoporosis. VII. Meta-analysis of Calcium 
Supplementation for the Prevention of 
Postmenopausal Osteoporosis. Endocrine Reviews, 
23(4), 552–9.

19. Bischoff-Ferrari HA, Dawson-Hughes B, Baron 
JA, Burckhardt P, Li R, Spiegelman D, et al. 
(2007) Calcium intake and hip fracture risk in 
men and women: a meta-analysis of prospective 
cohort studies and randomized controlled trials. 
American Journal of Clinical Nutrition, 86(6), 
1780–90. Epub 2007/12/11.



13    E L E V A T E  H E A L T H

20. Reid IR, Bolland MJ, Grey A (2008). Effect of 
Calcium Supplementation on Hip Fractures. 
Osteoporosis International, 19(8), 1119–23. Epub 
2008/02/21.

21. Institute of Medicine (2011). Dietary Reference 
Intakes for Calcium and Vitamin D. Washington, 
DC: Author.

22. MacLaughlin J, Holick MF (1985). Aging 
Decreases the Capacity of Human Skin to Produce 
Vitamin D3. Journal of Clinical Investigation, 
76(4), 1536–8.

23. Harris SS, Dawson-Hughes B (2002). Plasma 
Vitamin D and 25OHD Responses of Young and 
Old Men to Supplementation with Vitamin D3. 
Journal of the American College of Nutrition, 21(4), 
357–62.

24. Glerup H, Mikkelsen K, Poulsen L, Hass E, 
Overbeck S, Andersen H, et al. (2000). 
Hypovitaminosis D Myopathy without 
Biochemical Signs of Osteomalacic Bone 
Involvement. Calcified Tissue International, 66(6), 
419–24. Epub 2000/05/24.

25. Schott GD, Wills MR (1976). Muscle Weakness 
in Osteomalacia. Lancet, 1(7960), 626–9. Epub 
1976/03/20.

26. Bischoff-Ferrari HA, Dietrich T, Orav EJ, Hu FB, 
Zhang Y, Karlson EW, et al. (2004). Higher 
25-Hydroxyvitamin D Concentrations Are 
Associated with Better Lower-extremity Function 
in Both Active and Inactive Persons Aged > or = 
60 y. American Journal of Clinical Nutrition, 80(3), 
752–8. Epub 2004/08/24.

27. Wicherts IS, van Schoor NM, Boeke AJ, Visser M, 
Deeg DJ, Smit J, et al. (2007). Vitamin D Status 
Predicts Physical Performance and Its Decline in 
Older Persons. Journal of Clinical Endocrinology & 
Metabolism, 92(6), 2058–65. Epub 2007/03/08.

28. Stockton KA, Mengersen K, Paratz JD, Kandiah 
D, Bennell KL (2011). Effect of vitamin D 
Supplementation on Muscle Strength: A 
Systematic Review and Meta-analysis. Osteoporosis  
International, 22(3), 859–71. Epub 2010/10/07.

29. Pfeifer M, Begerow B, Minne HW, Abrams C, 
Nachtigall D, Hansen C (2000). Effects of a 
Short-term Vitamin D and Calcium 
Supplementation on Body Sway and Secondary 
Hyperparathyroidism in Elderly Women. Journal 
of Bone and Mineral Research, 15(6), 1113–8. 
Epub 2000/06/07.

30. Pfeifer M, Begerow B, Minne HW, Suppan K, 
Fahrleitner-Pammer A, Dobnig H (2009). Effects 
of a Long-term Vitamin D and Calcium 
Supplementation on Falls and Parameters of 
Muscle Function in Community-dwelling Older 
Individuals. Osteoporosis International, 20(2), 
315–22. Epub 2008/07/17.

31. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin 
HB, Orav JE, Stuck AE, Theiler R, et al. (2009) 
Fall Prevention with Supplemental and Active 
Forms of Vitamin D: A Meta-analysis of 
Randomised Controlled Trials. BMJ, 339, b3692. 
Epub 2009/10/03.

32. Murad MH, Elamin KB, Abu Elnour NO, Elamin 
MB, Alkatib AA, Fatourechi MM, et al. (2011). 
The Effect of Vitamin D on Falls: A Systematic 
Review and Meta-Analysis. Clinical Orthopaedics 
and Related Research, 96(10), 2997–3006. Epub 
2011/07/29.

33. Bischoff-Ferrari HA, Dawson-Hughes B, Platz A, 
Orav EJ, Stahelin HB, Willett WC, et al. (2010). 
Effect of High-dosage Cholecalciferol and 
Extended Physiotherapy on Complications after 
Hip Fracture: A Randomized Controlled Trial. 
Archives of Internal Medicine, 170(9), 813–20. 
Epub 2010/05/12.

34. Sanders KM, Stuart AL, Williamson EJ, Simpson 
JA, Kotowicz MA, Young D, et al. (2010) Annual 
High-Dose Oral Vitamin D and Falls and 
Fractures in Older Women: A Randomized 
Controlled Trial. Journal of the American Medical 
Association, 303(18), 1815–22. Epub 2010/05/13.

35. Ooms ME, Lips P, Roos JC, van der Vijgh WJ, 
Popp-Snijders C, Bezemer PD, et al. (1995). 
Vitamin D Status and Sex Hormone Binding 
Globulin: Determinants of Bone Turnover and 
Bone Mineral Density in Elderly Women. Journal 
of Bone and Mineral Research, 10(8), 1177–84.

36. Dawson-Hughes B, Dallal GE, Krall EA, Harris S, 
Sokoll LJ, Falconer G (1991). Effect of Vitamin D 
Supplementation on Wintertime and Overall 
Bone Loss in Healthy Postmenopausal Women. 
Annals of Internal Medicine, 115(7), 505–12. Epub 
1991/10/01.

37. Bischoff-Ferrari HA, Willett WC, Orav EJ, Lips P, 
Meunier PJ, Lyons RA, et al. (2012). A Pooled 
Analysis of Vitamin D Dose Requirements for 
Fracture Prevention. New England Journal of 
Medicine, 367(1), 40–9. Epub 2012/07/06.

38. Adami S, Giannini S, Bianchi G, Sinigaglia L,    
Di Munno O, Fiore CE, et al. (2009). Vitamin D 
Status and Response to Treatment in Post-
Menopausal Osteoporosis. Osteoporosis 
International, 20(2), 239–44. Epub 2008/06/14.

39. Robbins JA, Aragaki A, Crandall CJ, Manson JE, 
Carbone L, Jackson R, et al. (2014). Women’s 
Health Initiative Clinical Trials: Interaction of 
Calcium and Vitamin D with Hormone Therapy. 
Menopause, 21(2),116–23. Epub 2013/06/27.

40. Schurch MA, Rizzoli R, Slosman D, Vadas L, 
Vergnaud P, Bonjour JP (1998). Protein 
Supplements Increase Serum Insulin-like Growth 
Factor-I Levels and Attenuate Proximal Femur 
Bone Loss in Patients with Recent Hip Fracture.  
A Randomized, Double-Blind, Placebo-Controlled 
Trial. Annals of Internal Medicine, 128(10), 801–9.

41. Kerstetter JE, O’Brien KO, Caseria DM, Wall DE, 
Insogna KL (2005). The Impact of Dietary Protein 
on Calcium Absorption and Kinetic Measures of 
Bone Turnover in Women. Journal of Clinical 
Endocrinology & Metabolism, 90(1), 26–31. Epub 
2004/11/18.

42. Houston DK, Nicklas BJ, Ding J, Harris TB, 
Tylavsky FA, Newman AB, et al. (2008). Dietary 
Protein Intake Is Associated with Lean Mass 
Change in Older, Community-Dwelling Adults: 
The Health, Aging, and Body Composition 
(Health ABC) Study. American Journal of Clinical 
Nutrition, 87(1), 150–5. Epub 2008/01/08.

43. Kerstetter JE, Looker AC, Insogna KL (2000). 
Low Dietary Protein and Low Bone Density. 
Calcified Tissue International, 66(4), 313.

44. Hannan MT, Tucker KL, Dawson-Hughes B, 
Cupples LA, Felson DT, Kiel DP. (2000). Effect of 
Dietary Protein on Bone Loss in Elderly Men and 
Women: The Framingham Osteoporosis Study. 
Journal of Bone and Mineral Research, 15(12), 
2504–12.

45. Dawson-Hughes B, Harris SS (2002). Calcium 
Intake Influences the Association of Protein Intake 
with Rates of Bone Loss in Elderly Men and 
Women. American Journal of Clinical Nutrition, 
75, 773–9.

46. Frassetto LA, Morris RC, Jr., Sebastian A (1996). 
Effect of Age on Blood Acid-Base Composition in 
Adult Humans: Role of Age-Related Renal 
Functional Decline. American Journal of Physiology, 
271(6:Pt 2), t-22.

47. Lindeman RD, Tobin J, Shock NW (1985). 
Longitudinal Studies on the Rate of Decline in 
Renal Function with Age. Journal of the American 
Geriatrics Society, 33(4), 278–85.

48. Remer T, Manz F (1995). Potential Renal Acid 
Load of Foods and Its Influence on Urine pH. 
Journal of the American Dietetic Association, 95(7), 
791–7.

49. Frassetto LA, Todd KM, Morris RC Jr., Sebastian 
A (1998). Estimation of Net Endogenous 
Noncarbonic Acid Production in Humans from 
Diet Potassium and Protein Contents. American 
Journal of Clinical Nutrition, 68(3), 576–83.

50. Frassetto L, Morris RC Jr., Sebastian A (1997). 
Potassium Bicarbonate Reduces Urinary Nitrogen 
Excretion in Postmenopausal Women. Journal of 
Clinical Endocrinology & Metabolism, 82(1), 
254–9.

51. Dawson-Hughes B, Castaneda-Sceppa C, Harris 
SS, Palermo NJ, Cloutier G, Ceglia L, et al. 
(2010). Impact of Supplementation with 
Bicarbonate on Lower-Extremity Muscle 
Performance in Older Men and Women. 
Osteoporosis International, 21(7), 1171–9. Epub 
2009/09/04.

52. Ludwig MG, Vanek M, Guerini D, Gasser JA, 
Jones CE, Junker U, et al. (2003). Proton-sensing 
G-protein-coupled Receptors. Nature, 425(6953), 
93–8. Epub 2003/09/05.

53. Tomura H, Mogi C, Sato K, Okajima F (2005). 
Proton-sensing and Lysolipid-sensitive G-protein-
coupled Receptors: A Novel Type of Multi-
functional Receptors. Cell Signal, 17(12), 
1466–76. Epub 2005/07/15.



14    E L E V A T E  H E A L T H

54. Frick KK, Krieger NS, Nehrke K, Bushinsky DA 
(2008). Metabolic Acidosis Increases Intracellular 
Calcium in Bone Cells Through Activation of the 
Proton Receptor OGR1. Journal of Bone and 
Mineral Research, 24(2), 305–13. Epub 
2008/10/14.

55. Arnett TR, Dempster DW (1986). Effect of pH 
on Bone Resorption by Rat Osteoclasts in Vitro. 
Endocrinology, 119(1), 119–24.

56. Komarova SV, Pereverzev A, Shum JW, Sims SM, 
Dixon SJ (2005). Convergent Signaling by 
Acidosis and Receptor Activator of NF-kappaB 
Ligand (RANKL) on the Calcium/calcineurin/
NFAT Pathway in Osteoclasts. Proceedings of the 
National Academy of Sciences of the United States, 
102(7), 2643–8. Epub 2005/02/08.

57. Bushinsky DA (1996). Metabolic Alkalosis 
Decreases Bone Calcium Efflux by Suppressing 
Osteoclasts and Stimulating Osteoblasts. American 
Journal of Physiology, 271(1:Pt 2), F216–22.

58. Tucker KL, Chen H, Hannan MT, Cupples LA, 
Wilson PW, Felson D, et al. (2002) Bone Mineral 
Density and Dietary Patterns in Older Adults: The 
Framingham Osteoporosis Study. American 
Journal of Clinical Nutrition, 76(1), 245–52.

59. Jones G, Riley MD, Whiting S (2001). 
Association between Urinary Potassium, Urinary 
Sodium, Current Diet, and Bone Density in 
Prepubertal Children. American Journal of Clinical 
Nutrition, 73(4), 839–44.

60. New SA, Bolton-Smith C, Grubb DA, Reid DM 
(1997). Nutritional Influences on Bone Mineral 
Density: A Cross-Sectional Study in 
Premenopausal Women. American Journal of 
Clinical Nutrition, 65(6), 1831–9.

61. Chen Y, Ho SC, Lee R, Lam S, Woo J (2001). 
Fruit Intake Is Associated with Better Bone Mass 
among Hong Kong Chinese Early Postmenopausal 
Women. Journal of Bone and Mineral Research, 
16(Suppl 1), S386.

62. MacDonald HM, New SA, Golden MHN, 
Campbell MK, Reid DM (2004). Nutritional 
Associations with Bone Loss during the 
Menopausal Transition: Evidence of a Beneficial 
Effect of Calcium, Alcohol, and Fruit and 
Vegetable Nutrients and of a Detrimental Effect of 
Fatty Acids. American Journal of Clinical Nutrition, 
79(1), 155–65.

63. Sebastian A, Morris RC Jr (1994). Improved 
Mineral Balance and Skeletal Metabolism in 
Postmenopausal Women Treated with Potassium 
Bicarbonate. The New England Journal of Medicine, 
331(4), 279.

64. Maurer M, Riesen W, Muser J, Hulter HN, Krapf 
R (2003). Neutralization of Western Diet Inhibits 
Bone Resorption Independently of K Intake and 
Reduces Cortisol Secretion in Humans. American 
Journal of Renal Physiology, 284(1), F32–F40.

65. Moseley KF, Weaver CM, Appel L, Sebastian A, 
Sellmeyer DE (2013). Potassium Citrate 
Supplementation Results in Sustained Improve- 
ment in Calcium Balance in Older Men and 
Women. Journal of Bone and Mineral Research, 
28(3), 497–504. Epub 2012/09/20.

66. Jehle S, Zanetti A, Muser J, Hulter HN, Krapf R 
(2006). Partial Neutralization of the Acidogenic 
Western Diet with Potassium Citrate Increases 
Bone Mass in Postmenopausal Women with 
Osteopenia. Journal of the American Society of 
Nephrology, 17(11), 3213–22. Epub 2006/10/13.

67. Jehle S, Hulter HN, Krapf R (2013). Effect of 
Potassium Citrate on Bone Density, Micro-
architecture, and Fracture Risk in Healthy Older 
Adults without Osteoporosis: A Randomized 
Controlled Trial. Journal of Clinical Endocrinology 
& Metabolism, 98(1), 207–17. Epub 2012/11/20.

68. Macdonald HM, Black AJ, Sandison R, Aucott L, 
Hardcastle AJ, Lanham-New SA, Fraser WD, Reid 
DM. Two Year Double Blind Randomized 
Controlled Trial in Postmenopausal Women 
Shows No Gain in BMD with Potassium Citrate 
Treatment. Journal of Bone and Mineral Research, 
21(Supp 1):S15.

69. Cermak NM, Res PT, de Groot LC, Saris WH, 
van Loon LJ (2012). Protein Supplementation 
Augments the Adaptive Response of Skeletal 
Muscle to Resistance-type Exercise Training: A 
Meta-analysis. American Journal of Clinical 
Nutrition, 96(6), 1454–64. Epub 2012/11/09.

70. Office of Disease Prevention and Health 
Promotion (2008). Physical Activity Guidelines for 
Americans. Washington, DC: Author. www.health.
gov/paguidelines.

71. Williams GN, Higgins MJ, Lewek MD (2002). 
Aging Skeletal Muscle: Physiologic Changes and 
the Effects of Training. Physical Therapy, 82(1), 
62–8. Epub 2002/01/11.

72. Ni M, Mooney K, Richards L, Balachandran A, 
Sun M, Harriell K, et al.(2014). Comparative 
Impacts of Tai Chi, Balance Training, and a 
Specially-Designed Yoga Program on Balance in 
Older Fallers. Archives of Physical Medicine and 
Rehabilitation, 95(9), 1620–8 e30. Epub 
2014/05/20.

73. Coggan AR, Spina RJ, King DS, Rogers MA, 
Brown M, Nemeth PM, et al. (1992). Skeletal 
Muscle Adaptations to Endurance Training in 
60- to 70-Yr-Old Men and Women. Journal of 
Applied Physiology, 72(5), 1780–6. Epub 
1992/05/01.

74. Meredith CN, Frontera WR, Fisher EC, Hughes 
VA, Herland JC, Edwards J, et al. (1989). 
Peripheral Effects of Endurance Training in Young 
and Old Subjects. Journal of Applied Physiology, 
66(6), 2844–9. Epub 1989/06/01.

75. Bocalini DS, Serra AJ, dos Santos L, Murad N, 
Levy RF (2009). Strength Training Preserves the 
Bone Mineral Density of Postmenopausal Women 
without Hormone Replacement Therapy. Journal 
of Aging and Health, 21(3), 519–27. Epub 
2009/03/03.

76. Holviala J, Hakkinen A, Alen M, Sallinen J, 
Kraemer W, Hakkinen K (2014). Effects of 
Prolonged and Maintenance Strength Training on 
Force Production, Walking, and Balance in Aging 
Women and Men. Scandinavian Journal of 
Medicine & Science in Sports, 24(1), 224–33. Epub 
2012/05/01.

77. Farinatti PT, Geraldes AA, Bottaro MF, Lima MV, 
Albuquerque RB, Fleck SJ (2013). Effects of 
Different Resistance Training Frequencies on the 
Muscle Strength and Functional Performance of 
Active Women Older Than 60 Years. Journal of 
Strength and Conditioning Research, 27(8), 
2225–34. Epub 2012/11/22.



15    E L E V A T E  H E A L T H

78. Van Roie E, Delecluse C, Coudyzer W, Boonen S, 
Bautmans I (2013). Strength Training at High 
Versus Low External Resistance in Older Adults: 
Effects on Muscle Volume, Muscle Strength, and 
Force-Velocity Characteristics. Experimental 
Gerontology, 48(11), 1351–61. Epub 2013/09/04.

79. Martins WR, de Oliveira RJ, Carvalho RS, de 
Oliveira Damasceno V, da Silva VZ, Silva MS 
(2013). Elastic Resistance Training to Increase 
Muscle Strength in Elderly: A Systematic Review 
with Meta-Analysis. Archives of Gerontology and 
Geriatrics, 57(1), 8–15. Epub 2013/04/09.

80. Horak FB (2006). Postural Orientation and 
Equilibrium: What Do We Need to Know about 
Neural Control of Balance to Prevent Falls? Age 
and Ageing, 35 Suppl 2, ii7–ii11. Epub 
2006/08/24.

81. Tse YY, Petrofsky JS, Berk L, Daher N, Lohman 
E, Laymon MS, et al. (2013). Postural Sway and 
Rhythmic Electroencephalography Analysis of 
Cortical Activation during Eight Balance Training 
Tasks. Medical Science Monitor, 19, 175–86. Epub 
2013/03/09.

82. Izquierdo M, Aguado X, Gonzalez R, Lopez JL, 
Hakkinen K (1999). Maximal and Explosive Force 
Production Capacity and Balance Performance in 
Men of Different Ages. European Journal of 
Applied Physiology and Occupational Physiology, 
79(3), 260–7. Epub 1999/02/27.

83. Halvarsson A, Oddsson L, Olsson E, Faren E, 
Pettersson A, Stahle A (2011). Effects of New, 
Individually Adjusted, Progressive Balance Group 
Training for Elderly People with Fear of Falling 
and Tend to Fall: A Randomized Controlled Trial. 
Clinical Rehabilitation, 1021–31. Epub 
2011/08/19.

84. Kovacs E, Prokai L, Meszaros L, Gondos T 
(2013). Adapted Physical Activity Is Beneficial on 
Balance, Functional Mobility, Quality of Life and 
Fall Risk in Community-Dwelling Older Women: 
A Randomized Single-Blinded Controlled Trial. 
European Journal of Physical and Rehabilitation 
Medicine, 49(3), 301–10. Epub 2013/03/15.

85. Clemson L, Fiatarone Singh MA, Bundy A, 
Cumming RG, Manollaras K, O’Loughlin P, et al. 
(2012). Integration of Balance and Strength 
Training into Daily Life Activity to Reduce Rate 
of Falls in Older People (the LiFE Study): 
Randomised Parallel Trial. BMJ, 345, e4547. Epub 
2012/08/09.

86. Piirainen JM, Cronin NJ, Avela J, Linnamo V 
(2014). Effects of Plyometric and Pneumatic 
Explosive Strength Training on Neuromuscular 
Function and Dynamic Balance Control in 60–70 
Year Old Males. Journal of Electromyography and 
Kinesiology, 24(2), 246–52. Epub 2014/03/04.

87. Granacher U, Gollhofer A, Hortobagyi T, Kressig 
RW, Muehlbauer T (2013). The Importance of 
Trunk Muscle Strength for Balance, Functional 
Performance, and Fall Prevention in Seniors: A 
Systematic Review. Sports Medicine, 43(7), 
627–41. Epub 2013/04/10.

88. LeBlanc AD, Spector ER, Evans HJ, Sibonga JD 
(2007). Skeletal Responses to Space Flight and the 
Bed Rest Analog: A Review. Journal of 
Musculoskeletal and Neuronal Interactions, 7(1), 
33–47. Epub 2007/03/31.

89. Howe TE, Shea B, Dawson LJ, Downie F, Murray 
A, Ross C, et al. (2011). Exercise for Preventing 
and Treating Osteoporosis in Postmenopausal 
Women. Cochrane database of systematic reviews 
(online), (7), CD000333. Epub 2011/07/08.

90. Bolam KA, van Uffelen JG, Taaffe DR (2013). 
The Effect of Physical Exercise on Bone Density in 
Middle-Aged and Older Men: A Systematic 
Review. Osteoporosis International, 24(11), 
2749–62. Epub 2013/04/05.

91. Watts NB, Adler RA, Bilezikian JP, Drake MT, 
Eastell R, Orwoll ES, et al. (2012). Osteoporosis 
in Men: An Endocrine Society Clinical Practice 
Guideline. Journal of Clinical Endocrinology & 
Metabolism, 97(6), 1802–22. Epub 2012/06/08.

92. Bemben DA, Bemben MG (2011). Dose-response 
Effect of 40 Weeks of Resistance Training on Bone 
Mineral Density in Older Adults. Osteoporosis 
International, 22(1), 179–86. Epub 2010/03/03.

93. Martyn-St James M, Carroll S (2008). Meta-
analysis of Walking for Preservation of Bone 
Mineral Density in Postmenopausal Women. 
Bone, 43(3), 521–31. Epub 2008/07/08.

94. Muir JM, Ye C, Bhandari M, Adachi JD, Thabane 
L (2013). The Effect of Regular Physical Activity 
on Bone Mineral Density in Post-Menopausal 
Women Aged 75 and Over: A Retrospective 
Analysis from the Canadian Multicentre 
Osteoporosis Study. BMC Musculoskeletal 
Disorders, 4, 253. Epub 2013/08/27.

95. Kemmler W, Haberle L, von Stengel S (2013). 
Effects of Exercise on Fracture Reduction in Older 
Adults: A Systematic Review and Meta-Analysis. 
Osteoporosis International, 24(7), 1937–50. Epub 
2013/01/12.

96. Feskanich D, Flint AJ, Willett WC (2014). 
Physical Activity and Inactivity and Risk of Hip 
Fractures in Men. American Journal of Public 
Health, 104(4), e75–81. Epub 2014/02/15.

97. Morseth B, Ahmed LA, Bjornerem A, Emaus N, 
Jacobsen BK, Joakimsen R, et al. (2012). Leisure 
Time Physical Activity and Risk of Non-Vertebral 
Fracture in Men and Women Aged 55 Years and 
Older: The Tromso Study. European Journal of 
Epidemiology, 27(6), 463–71. Epub 2012/03/07.

98. Tolomio S, Ermolao A, Lalli A, Zaccaria M 
(2010). The Effect of a Multicomponent 
Dual-Modality Exercise Program Targeting 
Osteoporosis on Bone Health Status and Physical 
Function Capacity of Postmenopausal Women. 
Journal of Women & Aging, (4), 241–54. Epub 
2010/10/23.

99. Sanders S, Geraci SA (2013). Osteoporosis in 
Postmenopausal Women: Considerations in 
Prevention and Treatment: (Women’s Health 
Series). Southern Medical Journal, 106(12), 
698–706. Epub 2013/12/07.

100. Cosman F, de Beur SJ, LeBoff MS, Lewiecki EM, 
Tanner B, Randall S, et al. (2014) Clinician’s 
Guide to Prevention and Treatment of 
Osteoporosis. Osteoporosis International, 25(10), 
2359–81. Epub 2014/09/04.


	Fall 2015 Elevate Health - Older Adults—Nutrition and Physical Activity
	Elevate HEALTH
	Guest Authors 
	Editor-in-Chief
	Editorial Board 
	Opening Commentary
	Older Adults—Nutrition and Physical Activity Approaches to Improving Bone Health, Musculoskeletal Health, and Reducing Falls
	Current Problem
	Nutrition
	Calcium 
	Vitamin D 
	Protein intake and the acid-base balance of the diet

	Physical Activity
	Conclusion
	Scientific Summary
	References




