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Bone Health: Part 1, Nutrition

Caeley Lorincz, BSc,* Sarah L. Manske, BSc, MSc,* and Ron Zernicke, PhD, DSct*

Abstact: Nutrition, in sufficient amount and substance, is crucial for healthy growth and development of the skeleton and
surrounding tissues, especially in physically active populations. Inadequate nutrition has been linked to maladies such as
the female athlete triad, as well as poor training or competitive performance and increased risk of injury. Dietary choices
favoring items high in quality protein of animal or plant origin, polyunsaturated fatty acids, fruits and vegetables high in
potassium and fiber, and dairy products or other beverages fortified with calcium and vitamin D are essential to athletes to

ensure adequate vitamin and mineral availability to the skeleton, which in turn can affect peak physical performance.
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bone biomechanics

The skeleton is a dynamic tissue with structural and metabolic
roles. Structurally, the skeleton protects vital organs against
damaging mechanical forces, provides levers to transmit force
from one area of the body to another, and has attachment sites
for muscle-driven motion. Metabolically, the skeleton comprises
numerous blood cell types and is the largest calcium reservoir
of the body. This functional duality of bone is maintained as a
dynamic homeostasis by intrinsic and extrinsic factors including
diet, mechanical loading, hormonal status, and genetics. Disruption
in any of these factors can have deleterious consequences.

Adequate nutrition, in amount and composition, is essen-
tial for skeletal health in all individuals, and the importance of
meeting daily dietary requirements is amplified in those indi-
viduals who are physically active, such as athletes. Collective
intake of vitamins, minerals, trace elements, and macronutrients
must be considered to develop effective nutritional strategies to
preserve bone structural integrity and strength, which can influ-
ence health and peak physical performance.

Diet plays an important role on skeletal tissue in athletic and phys-
ically active populations. Human and animal studies emphasize spe-
cific dietary and mechanical factors, their interrelations, and how
they promote healthy bone growth and prevent bone loss. These
factors determine bone mass, structure, quality, and rate of turnover.

MACRONUTRIENTS AND BONE

Diets are primarily comprised of macronutrients—protein, fat,
and carbohydrates. In many instances, how these macronutrients

affect bone health reflects their ability to alter calcium metabo-
lism and, subsequently, skeletal homeostasis. Theories are
presented about interrelations among selected macronutrients,
calcium metabolism, and bone health.

Protein and Bone Health

Historically, conflicting evidence has characterized protein as
being both detrimental and beneficial to bone health, depending
on the amount of protein ingested (high-protein vs low-protein
diets) and the source of protein (animal vs vegetable).* Dietary
protein represents a key nutrient in skeletal health as it affects
bone in several ways: (1) it constitutes a large component of the
organic structural matrix of bone, (2) it regulates serum concen-
trations of insulin-like growth factor IGF)-1, and (3) it can affect
calcium metabolism (calcium excretion and absorption).”3%
Early research suggested that high-protein diets were detri-
mental to skeletal health, as hypercalciuria occurred in a
majority of studies after individuals consumed diets high in
protein »'232041% Ogtensibly, the consumption of animal
proteins in particular could result in a substantial increase in
metabolic acid production, which would necessitate the dissolu-
tion of bone mineral to neutralize the incursion of acid. It was
theorized that, over time, this process would accelerate loss of
bone mineral mass and increase the risk of skeletal fracture.”
An increase in calcium excretion, however, does not neces-
sarily equate to calcium loss, negative calcium balance, and
reduced bone mass. Calcium absorption must also be consid-
ered. For example, Kerstetter et al® reported that eating a high
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protein diet (2.1 g of protein per 1 kg body mass) increased
urinary calcium excretion, but also significantly increased intes-
tinal calcium absorption. They hypothesized that increased
absorption, and not skeletal mineral dissolution, was the main
source of the elevated calcium excretion observed after ingest-
ing high amounts of protein. Others supported that theory by
arguing that the metabolic acid load, induced by consuming
large amounts of protein, could be managed by the highly effi-
cient mechanisms of hydrogen ion removal via the lung and
kidney, as well as renal bicarbonate retention, without having
to resort to the skeletal tissue, barring kidney or lung failure.”

Similarly, many studies have reported that high-protein
diets were linked to the increased production of IGF-1, a key
osteotrophic growth factor,*** increased bone mineral content,
decreased risk of fracture, and increased fracture repair after
injury.*#*” Higher-protein diets are also recommended for ado-
lescent and child athletes undergoing strenuous training, as
protein requirements are larger because of the process of bone
modeling and growth, as well as the intensity of physical activ-
ity. Inadequate protein consumption in this group can attenu-
ate the skeleton’s anabolic response to mechanical loading and
may be detrimental to bone structure and strength.'”

Diets lower in protein (0.7-0.8 g/kg) can be associated with
elevated serum levels of parathyroid hormone (PTH), second-
ary to reduced intestinal calcium absorption, even with ade-
quate calcium supplementation.’*® A threshold effect was
apparent, as protein levels below 0.9 g/kg were associated
with disrupted mineral homeostasis.” General agreement
exists that diets moderate in protein (1.0-1.5 g/kg) are associ-
ated with normal calcium metabolism, which presumably does
not alter skeletal homeostasis.”® Collectively, these data suggest
that adequate protein is essential for developing and maintain-
ing healthy skeletal tissue. Moreover, maintenance of adequate
bone strength for high-performance activities is tightly linked
to maintenance of adequate muscle mass and function, which
is dependent on adequate intake of high-quality protein.***

In addition to quantity of protein, dietary protein source
has also been a topic of controversy relative to bone health.
The notable claim that animal proteins generate more acid
and, therefore, are more calciuritic than vegetable proteins
has recently been questioned. This hypothesis proposes that
the sulfur content (from sulfur-containing amino acids) of
animal proteins is greater than that of vegetable proteins
and hence, the production of sulfuric acid from the metab-
olism of animal proteins would also be greater.”* However,
Bonjour” argues that this line of reasoning falters when con-
sidering a basic chemical analysis of the sulfur content of dif-
ferent proteins. The potential acid formation as sulfate was cal-
culated, based on amino acid composition, for animal and
vegetable proteins®: 82, 69, and 68 mEq/100 g protein for oat-
meal, whole wheat, and white rice, respectively; and 73, 59,
and 55 mEq/100 g protein in pork, beef, and milk, respec-
tively. Bonjour’s research, numerous clinical trials,®® and a
controlled feeding study that reported no change in urinary
calcium excretion when soy protein was replaced with meat

protein in postmenopausal women® suggest that intestinal
calcium absorption as determined by overall volume of pro-
tein intake is a much stronger determinant of urine calcium
excretion than protein source, whether it be from plant or
animal origins.’

Dietary Fat and Bone Health

In addition to protein, dietary fat in relation to bone health has
also been investigated (mainly in terms of fatty acid compo-
sition). Many early nutritional studies were conducted to bet-
ter understand the relation between saturated fat consumption
and bone health. The relation between fat consumption and
calcium absorption in a growing animal model was examined
to determine whether fat favored or hindered calcium absorp-
tion in the gut.?*4>% French? used young male albino rats on
diets with varying percentages of saturated fat (5%, 14%, 28%,
and 45%) to substantiate claims that poor calcium absorption
resulted from the formation of indigestible calcium-saturated
fatty acid complexes within the intestine. Absorption of cal-
cium decreased moderately and consistently with increasing fat
content (5%-28%), with a considerable decline in intestinal cal-
cium absorption in the 45% fat diet. Whether the decrease in
calcium absorption led to decrements in skeletal strength was
not reported.

Similar results have been reported in human populations.
Corwin et al' reported a negative association between satu-
rated fat intake and hip bone mineral density (BMD) in both
men and women using NHANES III (Third National Health
and Nutrition Examination Survey) data (n = 14 850). After
adjusting for age, sex, weight, height, race, total energy and
calcium intake, smoking, and weightbearing exercise, the
greatest effects were seen in men under the age of 50 years
in the femoral neck, where individuals in the highest quintile
of saturated fat consumption had a mean femoral neck BMD
that was 4.3% less than the individuals in the lowest quintile
of consumption.

Simple Carbohydrates and Bone Health

With diets high in refined sugar, the monosaccharide glucose
and the disaccharide sucrose are the simple carbohydrate
models that have been extensively studied. Results of many
earlier studies examining glucose consumption and calcium
excretion agreed that upon ingestion of glucose, calciuria

was exaggerated.’®> Lemann et al® used healthy male sub-
jects to investigate how glucose consumption affected urinary
calcium excretion, and whether mineral loss was due to an
increased glomerular filtration rate (GFR) or reduced net renal
tubular reabsorption in the kidney. Despite a decrease in GFR
upon standing from a recumbent position, urine excretion of
calcium increased significantly for individuals administered
an oral glucose solution. Glucose ingestion may (directly or
indirectly) have an alteration of renal cell metabolism in the
region of the distal tubule of the kidney, affecting net calcium
reabsorption.



vol.1eno. 3

SPORTS HEALTH

Other theories about how glucose could affect calcium
metabolism have also been suggested. Ericsson et al reported
exaggerated urinary calcium loss in young adult humans after
consumption of a glucose solution. Lactic acids, formed by
osteoclast metabolism of glucose molecules, may have poten-
tially dissolved calcium and magnesium salts from adjacent
bone surfaces, resulting in greater than normal calcium excre-
tion in the urine. Alternatively, glucose in high concentrations
could have a direct inhibitory effect on osteoblast proliferation
and differentiation in vitro.*

In addition to implicating glucose/sucrose directly for alter-
ing renal cell metabolism, others suggest that inhibition of cal-
cium reabsorption is mediated by the insulin response to diet.
In human and animal models, an insulin spike preceded peak
calcium clearance and demonstrated strong, positive correla-
tions between serum insulin levels and urinary calcium excre-
tion. More specifically, hypercalciuria induced by glucose could
be 80% inhibited with the administration of mannoheptulose, a
drug that suppresses insulin secretion.®” Potentially, the effect
of insulin may be direct, affecting renal calcium transport by
means of a calcium ATPase (an enzyme that catalyzes ade-
nosine triphosphate [ATP] into adenosine diphosphate [ADP])
pump located on the basal-lateral membrane of the renal cell
wall.? Because insulin can inhibit calcium ATPase in adipo-
cytes,” a similar effect may be experienced in renal cells lead-
ing to a calciuritic response to hyperinsulinemia.

Refined carbohydrates affect bone growth and mechani-
cal strength. Tjaderhane and Larmas”™ studied growing male
and female Wistar rats to test skeletal mechanical integrity
in groups fed a control or high-sucrose diet. The breaking
strengths of the tibiae and femurs were significantly lower in
the sucrose-fed group in both sexes when compared to con-
trols, and skeletal degradation was more prominent in females,
independent of body weight.

Their data were augmented by studies®***'** quantifying the
effect of diets high in both saturated fat and sucrose (HFS) on
bone mechanics and mineralization. Li et al* found that corti-
cal bone exposed to an HFS diet had significantly lower max-
imal load and failure energies as well as decreased tensile
stress at the proportional limit when compared to control sam-
ples after 10 weeks. Similar decrements in mechanical strength
and bone quality were documented in the axial skeleton (ver-
tebrae), in growing and skeletally mature animal models, and
over short- and long-term studies.*®!°* Cancellous bone, such
as vertebrae, was more adversely affected than cortical bone,
such as tibia, likely because of its proximity to vasculature and
its accelerated rate of bone turnover.®

Consumption of carbonated beverages, such as soft
drinks, is associated with significant decreases in bone
mineral density in both males and females.”'* Potential nega-
tive effects of carbonated soft drinks on bone have been linked
primarily with the caffeine? and sugar content™? found in
these drinks. Changes in bones due to the consumption of soft
drinks may be due to the concomitant decreased consump-
tion of milk and other fluids.* For example, a study conducted

by Ogur et al” on growing male and female Sprague-Dawley
rats found that water consumption was decreased 6-fold in rats
fed cola beverages, supporting claims that reduced consump-
tion of nutrient-dense fluids may contribute to the negative
effects observed in children and adolescents habitually consum-
ing soft drinks."""" Moreover, these authors found that consum-
ing cola beverages was associated with substantial increases in
triglycerides, very low-density lipoproteins, and body mass, in
concert with decreases in triiodothyronine (T 5), thyroxine (T),
and blood iron levels.”” Femoral BMD was lower in the cola-fed
groups versus controls. These data suggest a decrease in lean
tissue, concomitant with an increase in fat mass in the cola-fed
subjects. Moreover, cola consumption can enhance the loss of 2
micronutrients (calcium and iron) crucial to health and perfor-
mance that are already likely to be low in the diets of athletes,
especially young ones.®

More recently, a study was conducted to investigate the
effects of feeding different sugar-sweetened beverages on
bone mass and strength in growing rats.”* Rats were randomly
assigned to consume either deionized, distilled water (ddH,0;
control) or a ddH,0 containing 13% w/v (weight/volume) glu-
cose, sucrose, fructose, or high-fructose corn syrup (HFCS)-
55 for 8 weeks. Tsanzi et al”” reported the 13% glucose solu-
tion had the most profound negative effects on the rats versus
the fructose-sweetened beverage, which did not differ sig-
nificantly from controls. Glucose consumption led to poly-
dipsia, which led to a significant reduction in food and asso-
ciated mineral ingestion, despite increased caloric intake.

As a result, calcium and phosphorus intake was decreased,
and calcium excretion was increased. Bone mineral density,
bone mineral content (BMC), and total phosphorus content of
whole femurs and tibiae were significantly lower in rats fed a
13% glucose solution versus fructose solution. Moreover, rats
consuming the fructose solution had higher calcium intake,
lower calcium excretion, and higher calcium retention ver-
sus the glucose-fed group,’ supporting previous findings
reported in a human study by Milne and Nielson® that found
that bone alkaline phosphatase, a marker of bone formation,
was increased with high fructose intake. Thus glucose, rather
than fructose, exerts more deleterious effects on mineral bal-
ance and bone.

Of specific interest to athletes, these results have implica-
tions about the consumption of sports drinks. According to
the aforementioned study, the authors suggested that the
glucose/fructose ratio found in HFCS is important. For exam-
ple, soft drinks use HFCS-55, a compilation of 55% fructose,
42% glucose, and 3% complex saccharides.” This sweetener
(HFCS-55) did not negatively affect the rat skeleton at any of
the tested sites in the study conducted by Tsanzi
et al.”? However, sports drinks (eg, Gatorade or Powerade),
often consumed by athletes to replenish energy and electro-
lytes, commonly use HFCS-42, which contains 42% fructose
and 58% glucose. As the glucose/fructose ratio is greater in
sports drinks, it has been suggested that these beverages may
potentially exert larger negative effects on the skeleton than
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drinks comprised of a higher proportion of fructose. Indeed,
sports drink consumption has been linked with significant
erosion of tooth tissue in vitro.” Hence it may be worthwhile
to promote the consumption of fluids without glucose, such
as bottled or tap water, milk or soy-based solutions, or fluids
containing greater proportions of fructose to glucose, such as
orange juice, or sports drinks fortified with calcium to pre-
vent losses in BMD in this population.

Fats and Carbohydrates Beneficial to Bone Health

Some evidence notwithstanding, it is important to recall that
not all fats and carbohydrates are detrimental to skeletal health.
On the contrary, optimal quantities of polyunsaturated fatty
acids (PUFAs), such as omega-3 fatty acid chains, may inhibit
the activities of osteoclasts and enhance the activities of osteo-
blasts in animals, thus appearing to impede bone resorption
and promote bone formation.*”* Moreover, in a recent con-
trolled feeding study using human participants, diets high in
plant-derived PUFAs were associated with decreased mark-

ers of bone resorption after 6 weeks.* Self-reported omega-3
intake correlated with femoral neck BMD in 247 older men and
women. Individuals reporting higher consumption of omega-3
fatty acids had significantly higher hip BMD than subjects
reporting lower intake (<1.27 g/d).*

Complex carbohydrates, such as in fruits and vegetables, can
augment skeletal growth by increasing calcium absorption and
neutralizing metabolic acid loads with their substantial potas-
sium content.”* Many fruits and vegetables contain nondigest-
ible carbohydrates, such as inulin-type fructans, which cannot
be digested by mammalian enzymes.” As these molecules can-
not be broken down in the small intestine, they travel to the
colon where they ferment to produce numerous organic acids,
essentially lowering the luminal pH of the large intestine. The
reduction in pH alters calcium speciation, which increases cal-
cium solubility in the lumen, largely amplifying calcium bio-
availability and enhancing passive transport into the body.!
Inulins have also been reported to indirectly enhance epithelial
cell growth, thus increasing absorptive area within the large
and small intestine.”

Large increases in calcium absorption have been noted with
the addition of dietary inulins in young adults (58% increase
in calcium absorption in response to 40 g/d of inulin after
24 d)B as well as in postmenopausal women (42% increase
after consuming 8 g/d of inulins for 3 months).*® It is unclear
whether the increases in calcium absorption will impact bone
metabolism, but 1 clinical trial investigating this question in
adolescent males found that after 1 year of inulin supplemen-
tation (8 g/d), total body BMC and BMD were higher in the
inulin-supplemented group versus controls.!

MICRONUTRIENTS AND BONE

Dietary calcium and vitamin D are key factors in promoting
bone health and preventing bone loss. Although a detailed
review of how these micronutrients interact and affect

bone growth and development is beyond the scope of this
review, 1% suggested requirements for athletic and physi-
cally active populations are provided.

Athletes and physically active individuals are exposed to phys-
iologic demands substantially greater than those of sedentary
individuals. As such, the need for vitamins and minerals may
increase with intense physical training because of increased
losses due to sweat, decreased nutrient absorption, and
increased need associated with tissue maintenance and repair”!

Calcium is especially important, as benefits of adequate intake
include not only the skeleton, but also muscle contraction, heart-
beat regulation, nerve impulse transmission, regulation of blood
pressure and immune function, and other critically important
physiologic processes’ Current daily adequate intake recom-
mendations for calcium vary by sex and age. Optimal calcium
intake is 1200 mg/d for young adults, 1000 mg/d for women
ages 25 to 50 years, and 1500 mg/d for postmenopausal women
not on hormone replacement therapy” Adequate calcium con-
sumption is critically important for female athletes in weight-
control sports such as figure skating, wrestling, dancing, boxing,
gymnastics, or distance running, as these athletes commonly
exhibit inadequate dietary intake of calories and nutrients, sub-
sequently developing oligomenorrhea or amenorrhea” As such,
optimal intake is listed as 1500 mg/d for this subgroup.?

Dairy products and other high calcium content foods are pre-
ferred calcium sources as opposed to commercial calcium sup-
plements,®7 largely because of calcium bioavailability as well
as the nutrient density of these sources. Primary sources of cal-
cium are cheese, milk, and yogurt, but dairy products are not
the only source of dietary calcium. Kale and turnip greens,
broccoli, tofu, and calcium-fortified foods such as orange juice
are all examples of food that contribute to overall dietary cal-
cium intake

Selected foods or supplements can contribute to increased
calcium utilization and incorporation into the skeleton. For
example, both phosphorus and vitamin D are effective in
enhancing calcium uptake. Phosphorus intake is a critical fac-
tor for promoting the incorporation of absorbed calcium in
bone, but excessive phosphorus can be detrimental to bone
metabolism. As such, a calcium-to-phosphorus ratio of 2:1 is
recommended for healthy bone production.” Conversely, con-
sumption of excess amounts of sodium can enhance calcium
excretion in the urine, as calcium and sodium compete for
reabsorption in the renal tubules. Nordin et al”* reported that
for every 2300 mg of sodium excreted by the kidney, approxi-
mately 40 to 60 mg of calcium are also lost.

If calcium supplements are needed to augment dietary intake,
there are several types of calcium supplements (calcium salts),
each with distinct absorption rates: calcium carbonate (36%-
429% absorbed), calcium acetate and calcium lactate (28%-36%
absorbed), calcium citrate (27%-33% absorbed), and calcium glu-
conate (24%-30% absorbed).” Conversely, others suggest that
calcium citrate and calcium carbonate should be considered
equal in regard to potential calcium absorption and benefit to
the skeleton.” As with any form of calcium, taking smaller doses
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at regular intervals throughout the day, as well as taking supple-
ments with meals, can enhance mineral absorption.*

Calcium inadequacy should be a major concern for all indi-
viduals, especially athletes, as deficiencies in calcium are most
often coincident with deficiencies in total energy consumption,
protein intake, and vitamin D status—all of which can nega-
tively affect bone health and physical performance.”

Vitamin D, a central factor in skeletal health, has a surpris-
ingly high prevalence of insufficiency and deficiency worldwide,
including athletic populations.**” Similar to calcium, the benefits
of adequate vitamin D intake reach beyond the skeleton. Vitamin
D deficiency increases the risk of autoimmune diseases and non-
skeletal chronic diseases and can also have a profound effect on
human immunity, inflammation, and muscle function (particularly
in the elderly). Vitamin D is largely produced in skin exposed to
ultraviolet light B radiation with subsequent hydroxylation in the
liver and kidney, but can also be obtained in the diet from a lim-
ited number of sources including fatty fish (eg, cod liver oil or
wild salmon), fortified milk/dairy products, and fortified cereal””

Poor vitamin D status can compromise an athlete’s overall
health and ability to perform by affecting bone health, innate
and exercise-related immunity, and inflammation.” Nonetheless,
there is no evidence to suggest that vitamin D requirements for
athletes are greater than in the general population. Athletes at
risk of poor vitamin D status include those with low vitamin
D intake or limited sun exposure. The latter includes athletes
who only practice indoors or those who practice outdoors in
the early mornings or late afternoons, as well as those diligently
applying sunscreen, wearing athletic clothing with sun-protec-
tion factors, or having dark-pigmented skin”” Additionally, as
vitamin D is a fat-soluble compound stored within fatty depos-
its in the body, athletes with very low body fat might be at
increased risk for vitamin D insufficiency resulting from limited
endogenous storage potential and/or bioavailability.”

The current daily adequate intakes in Canada and the United
States are 200 IU/d for children and adults up to 50 years of
age, 400 1U/d for adults aged 51 to 70, and 600 1U/d for adults
over 71 years of age.” Most vitamin D experts agree, however,
that the current recommended values are insufficient for opti-
mal health and are petitioning governments to reevaluate the
current evidence, which suggests at least 1000 to 4000 TU/d of
vitamin D, to ensure adequate protective health effects. %"
Recommendations to help achieve adequate vitamin D status
(serum 25-hydroxyvitamin D, of at least 75-80 nmol/L) include
regular safe sun exposure (2 times/wk, between the hours of 10
am and 3 pm on the arms and legs for 5-30 minutes, depending
on season, latitude, and skin pigmentation) or dietary supple-
mentation with 1000 to 2000 1U of vitamin D,/d””

SPECIAL NUTRITIONAL CONCERNS:
FEMALE ATHLETE TRIAD

The female athlete triad is characterized by low energy avail-
ability (due to inadequate dietary intake, excessive physical
training, or both), menstrual irregularities, and subsequent

loss of bone mass. Energy availability can be defined as
“dietary energy intake minus exercise energy expenditure
and is considered the primary nutritional concern for today’s
female athlete. Low energy availability, especially in the form
of fat,*>" has been reported to affect reproductive function
adversely in both short-term™2*%%% and long-term studies,**
disrupting luteinizing hormone pulsatility and negatively
affecting ovarian function, and thus estrogen production.

Females participating in a number of competitive sports, as
well as noncompeting physically active females, are at risk of
developing one or more of the comorbidities associated with
the triad, which includes low bone mass. Low energy avail-
ability and disrupted menstrual status impair bone turnover,
essentially uncoupling the formation and resorption processes
in favor of resorption.”” Bone density is commonly low in ath-
letes experiencing amenorrhea or oligomenorrhea.”” In a ran-
domized clinical trial, the rate of bone resorption increased
and the rate of bone formation decreased in as little as 5 days
after energy availability was reduced below 30 kcal/kg fat-free
mass (FFM)/d (healthy, adequately nourished, sedentary young
adult women achieve energy balance at an average of 45 kcal/
kg FFM/d) ¥>35% By comparison, whereas eumenorrheic ath-
letes have been found to restrict their energy availability by
approximately 30% (>30 kcal/kg FFM/d), amenorrheic athletes
have been found to restrict theirs by 44% to 67% (15-25 kcal/
kg FFM/d)*" Maintaining healthy bone mass is critical for a
number of reasons: (1) low bone density is an etiological fac-
tor in stress fractures in athletes® and (2) low bone mass is the
best predictor of postmenopausal fractures.®®

As a preventative measure, some researchers suggest screen-
ing prior to participation in sports, to identify high-risk individ-
uals. Overall, a comprehensive assessment including diet and
exercise history, physical examination, mental health (ie, body
image) screening, and bone density testing is recommended to
discern symptoms of the triad. Moreover, if a component of the
triad is subsequently diagnosed, the athlete should be treated
by a team of health professionals, including physician, dieti-
cian, and psychologist, as well as active participation from the
athlete’s coach, physical trainers, exercise physiologists, team-
mates, and parents.*”™

»57

MENOPAUSE: NUTRITIONAL
SUPPLEMENTS

For athletes or for women taking part in regular physical activ-
ity during perimenopause or postmenopause, recent research
has found that taking nutritional supplements in addition to
exercise can attenuate bone loss and potentially augment bone
mass in this at-risk population. Calcium and vitamin D take
on an increasingly critical role in the maintenance of skeletal
integrity in this population. A recent randomized trial
conducted for the Women’s Health Initiative (WHI) found that
calcium and vitamin D supplementation resulted in consider-
ably less bone loss at the hip in postmenopausal women com-
pared with placebo. A review by Rizzoli et al* also found
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that vitamin D and calcium, when taken together, are effective
in preventing bone loss™® and preventing fracture. Combined
supplementation of vitamin D with calcium reduced risk of
hip fracture by 25% and risk of nonvertebral fracture by 23%.°
Efficacy for antiresorptive therapies is based on combining
treatment with calcium and vitamin D supplementation. As
such, women on antiresorptive therapy should also be com-
bining their treatment with calcium and vitamin D for optimal
results. 4104

Use of dietary supplements in postmenopausal women is
encouraged, especially over the age of 65 years or if previ-
ously diagnosed with osteopenia or a vitamin deficiency, as
dietary intake of calcium and vitamin D generally falls in this
population. Endogenous production of vitamin D decreases
because of a combination of decreasing sunlight exposure
and age-related declines in the ability of the dermis to man-
ufacture vitamin D precursors. > Intestinal absorption and
renal reabsorption of calcium also decrease with increas-
ing age.”* Thus, daily oral doses of 700 to 800 IU of vitamin
D and 1000 to 1200 mg of calcium may be a cost-effective
way to attenuate bone loss and prevent fracture in postmeno-
pausal women.*

Another fat-soluble vitamin, vitamin K, can also exert a pro-
tective effect on the postmenopausal skeleton. In a recent
randomized control trial, subjects taking a vitamin K supple-
ment of 200 pg/d (ie, obtainable from consuming approxi-
mately 50 g of green, leafy vegetables) in combination with
vitamin D and calcium reported a significant increase in ultra-
distal BMD and BMCJ These results were substantiated by a
study of 155 postmenopausal women given a vitamin K

supplement in addition to calcium and vitamin D. Participants
consuming vitamin K showed a 35% reduction in bone loss at
the femoral neck after 36 months of supplementation.’

In the interest of maintaining musculoskeletal tissues to
enhance performance in elderly athletes, a recent random-
ized controlled trial performed on 29 early postmenopausal
women suggested that ingesting a protein-containing nutri-
ent supplement (10 g of whey protein, 31 g of carbohy-
drate, 5 pug of vitamin D, and 250 mg of calcium) after a
24-week strength training program enhanced muscle mass
and strength by 6% to 12%, lean body mass, and femoral
neck BMD by 1% to 3% (likely in response to elevated levels
of osteocalcin) versus controls.*” Although the specific nutri-
tional component to incur the positive benefits observed in
this study was not elucidated, the authors reasoned that the
promotion of adequate nutrition is essential, and that these
effects would likely be enhanced further if applied over sev-
eral years, presumably resulting in a perceptible difference in
health and physical function.

SUMMARY

Adequate nutritional status is critical to the development and
maintenance of a healthy skeleton—the apparatus upon which
physical activities and exercise are performed. Appropriate
dietary choices enhance overall health and augment peak
physical performance in athletes of all ages. Nutritional ade-
quacy is a necessity for skeletal and overall health, and pro-
vides a strong foundation upon which to train, grow, and
develop physically.

Clinical Recommendations

SORT: Strength of Recommendation Taxonomy
A: consistent, good-quality patient-oriented evidence
B: inconsistent or limited-quality patient-oriented evidence
C: consensus, disease-oriented evidence, usual practice, expert opinion, or case series

Clinical Recommendation

development and repair of tissues needed for execution of training and competition.

Choosing foods and beverages with poor nutrient density (low vitamin or nutrient intake/g), such as items made from simple carbohydrates (sugar),
carbonated beverages, or products high in sodium or saturated fat, will leave the body and skeleton devoid of nutrients essential for healthy (o3

SORT Evidence
Rating

High-energy density foods, such as items high in polyunsaturated fatty acids, fruits and vegetables high in potassium and fiber, and high-quality animal
or plant-based proteins, should be chosen preferentially to ensure vitamin and mineral adequacy.

If dietary deficiencies exist, supplements (such as calcium carbonate or calcium citrates) can be used to enhance skeletal health.

supplement (1000-2000 mg vitamin D).

Most athletes should be consuming at least 1200 to 1500 mg of calcium/d by way of low-fat, low-sodium, dairy products, vegetable greens, or
supplements. Moreover, vitamin D insufficiencies can be corrected by extending training times outdoors (5-30 minutes, 2 d/wk) and/or by taking a (o]

performance.

Adequate protein is extremely important in skeletally immature athletes to ensure proper bone growth and development in addition to training, as
well as in mature athletes postmenopause or postandropause, as muscle and bone losses with age can adversely affect quality of life and physical (o3

For more information about the SORT evidence rating system, see www.aafp.org/afpsort.xml and Ebell MH, Siwek J, Weiss BD, et al. Strength of Recommendation Taxonomy (SORT):
a patient-centered approach to grading evidence in the medical literature. Am Fam Physician. 2004;69:549-557.
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