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ABSTRACT

The aim of this review was to focus on the complex re-
lationships between milk and dairy products intake and
bone health, with particular emphasis on osteoporosis.
The literature was extensively examined to provide an
objective overview of the most significant achievements
on the subject. Osteoporosis can be defined as a disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue, leading to enhanced bone
fragility and a consequent increase in fracture risk.
Although the major determinants of peak bone mass
and strength are genetic, major factors during child-
hood and adolescence may affect the ability to achieve
peak bone mass. These include nutrition, particularly
calcium and protein intake, physical activity, endocrine
status, as well as exposure to a wide variety of risk
factors. The role of calcium intake in determining bone
mineral mass is well recognized to be the most critical
nutritional factor to achieve optimal peak bone mass.
The greatest amount of dietary calcium is obtained
from milk and dairy foods, which also provide the hu-
man diet with vitamin D (particularly for products
fortified with vitamin D), potassium, and other macro-
and micronutrients. Although studies supporting the
beneficial effects of milk or calcium on bone health are
predominant in the literature, perplexity or discordance
on this subject was expressed by some authors. Dis-
cordant data, mainly on the risk of fractures, provided
limited proof of the unfavorable effect of dairy intake.
More often, discordant works indicate no effect of dairy
consumption on bone safety. Some considerations can
be drawn from this viewpoint. Milk and dairy products
are an optimal source of calcium as well as of other
limiting nutrients (e.g., potassium and magnesium),
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with important effects on bone health. Bioactive com-
ponents occurring in milk and dairy products may play
an essential role on bone metabolism, as shown by in
vivo and in vitro studies on colostrum acidic proteins
and milk basic proteins. Calcium intake positively af-
fects bone mass and is crucial in childhood and youth
for correct bone development. In elderly people, cal-
cium intake as well as vitamin D availability should be
carefully checked. As a general conclusion, calcium is
essential for bone health, although it will not prevent
bone loss due to other factors; in this context, milk
and dairy foods are bioavailable, relatively inexpensive
sources of calcium for the human diet.

Key words: dairy intake, bone health, calcium, os-
teoporosis

INTRODUCTION

Milk has served mankind for over 10,000 yr (Bishop-
MacDonald, 2005). The origin of cheesemaking is lost
in unrecorded history. Evidence exists to suggest that
cheese was made as far as 7,000 BCE (O’Connor,
1993). Milk from domestic cows has been an important
food source for over 8,000 yr in lactose-tolerant human
societies exploiting dairy breeds, which led to a gene-
culture coevolution between domestic cattle and human
culture (Beja-Pereira et al., 2003).

Milk has been differentially used for the production
of a large variety of dairy products. As a result of the
many combinations of milk, cultures, enzymes, molds,
and technical processes, hundreds of varieties of dairy
products are made throughout the world. Most ad-
vanced milk-processing technologies have turned it into
a drink available in different forms (raw, pasteurized,
ultra-high temperature, whole or skim milk, lactose-
free or lactose-reduced milk, among others) compatible
with special diets and specific intolerances. Wide dairy
product variability occurs, as exemplified by the Ital-
ian tradition resulting in 37 Protected Designation of
Origin and several local cheeses. Yogurt and fermented
milk are also available in a wide range of characteris-
tics, flavors, and sizes (IDF, 2011).
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The often recurrent debate on the effects of dairy
consumption on human health must be placed in this
broader context, without forgetting either the high
variability of dairy foods produced by mankind over
the centuries and available for today’s people, or the
economic and social aspects associated with milk pro-
duction.

The aim of this review was to focus on the complex
relationships between milk and dairy products intake
and bone health, with particular emphasis on osteo-
porosis. The literature was extensively examined to
provide an objective overview of the most significant
achievements on the subject.

OSTEOPOROSIS

Osteoporosis can be defined as a disease character-
ized by low bone mass and microarchitectural deterio-
ration of bone tissue, leading to enhanced bone fragility
and a consequent increase in fracture risk (Consensus
Development Conference, 1993). This disorder and its
consequential fracture are among the leading causes
of morbidity in industrialized countries (Johnell and
Kanis, 2004, 2005). The number of osteoporotic frac-
tures is likely to rise further as life expectancy increases,
possibly also due to industrialization and the decrease
in physical activity.

Several factors may contribute to decreasing bone
mass and increasing bone fragility: among them, failure
to achieve optimal peak bone mass, bone loss due to
augmented resorption, and inadequate replacement
of lost bone as a result of decreased bone formation
(Raisz, 2005).

Although the major determinants of peak bone mass
and strength are genetic, major factors during child-
hood and adolescence may affect the ability to achieve
peak bone mass. These include nutrition, particularly
calcium and protein intake, physical activity, endocrine
status (such as sex hormones, vitamin D, growth hor-
mone and IGF-1), as well as exposure to risk factors
such as cigarette smoking, excessive alcohol intake, and
a wide variety of intercurrent illnesses. The role of cal-
cium intake in determining bone mineral mass is well
recognized (Heaney, 2000b; Rizzoli et al., 2010).

CALCIUM AND VITAMIN D

Calcium is the major extracellular divalent cation
and is essential for many important functions, includ-
ing neurotransmitter release, neuronal excitability,
muscle contraction, and blood coagulation. Regulation
of extracellular calcium concentration is under tight
endocrine control, which affects the intestinal entry and
exit of calcium through the kidneys, using the large
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skeleton reservoir as a buffer, when necessary (Bring-
hurst et al., 2008).

An adequate calcium intake during growth has long
been recognized to be the most critical nutritional fac-
tor for achieving optimal peak bone mass (Anderson
et al., 1993; Sowers and Galuska, 1993). The 2011
report on dietary reference intakes for calcium from
the Institute of Medicine, recently published in the
Journal of Clinical Endocrinology & Metabolism (Ross
et al., 2011), determined the population needs for this
nutrient in North America. Recommended dietary al-
lowances (RDA), covering requirements of >97.5% of
the population for calcium, range from 700 to 1,300
mg/d (see Table 1). According to the European Union,
the RDA for calcium is 800 mg/d (Commission of the
European Union, 2008). An increasing consensus exists
to increase the calcium RDA; the new figures should be
released within this or the next year.

The mean calcium intake in people from the United
States ranged from 1,008 to 1,296 mg/d in males and
from 918 to 1,186 mg/d in females; intake for girls was
the lowest (918 mg/d; Bailey et al., 2010). Among Eu-
ropean girls, the mean calcium intake varied between
600 mg/d in Italy and 1,250 mg/d in Finland (Kardi-
naal et al., 1999). The intake of calcium in adult women
was in a similar range. After age 50, the median daily
calcium intake declined (Gennari, 2001).

In a recent paper by Mangano et al. (2011), calcium
intake was assessed in 9,475 American adults. The re-
sults showed that although supplemental calcium use
and calcium density in the diet were highest in older
age groups, they were not sufficient in meeting rec-
ommended levels. Similarly, the mean dietary calcium
intake in a large population of French women was well
below that recommended in current national guide-
lines, notably in those most at risk for fractures, such
as women with a diagnosis of osteoporosis or in those in
the older age groups (Fardellone et al., 2010).

Calcium enters the body only through the intestine
with 2 different mechanisms: an active, vitamin D-
dependent transport across the proximal duodenum
and a facilitated diffusion taking place throughout
the small intestine. Intestinal calcium absorption ef-
ficiency is inversely related to calcium intake, so that
a diet low in calcium leads to a compensatory increase
in fractional absorption, due, in part, to activation of
vitamin D. This response decreases substantially with
age.

Adequate levels of vitamin D are a prerequisite for
calcium absorption. It is difficult to define adequate
vitamin D nutrition because circulating vitamin D is
derived from both dietary sources and sunlight-mediat-
ed endogenous production. Vitamin D from the diet or
sun is converted in the liver to 25-hydroxy vitamin D
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Table 1. Calcium and vitamin D recommended dietary allowances (RDA) by life stage’

Life stage’

RDA of
calcium® (mg/d)

RDA of
vitamin D* (IU/d)

Life-stage group (age and gender)
13yr M+ F)
4-8yr (M + F)
9-13yr (M + F)
14-18 yr (M + F)
19-30 yr (M + F)
31-50 yr (M + F)
51-70 yr (M)
51-70 yr (F)
71+ yr M+ F)
Pregnant or lactating (F)
14-18 yr
19-50 yr
Infants
0-6 mo (M + F)
6-12 mo (M + F)

700 600
1,000 600
1,300 600
1,300 600
1,000 600
1,000 600
1,000 600
1,200 600
1,200 800
1,300 600
1,000 600

200" 400"

260" 400"

"Modified from Ross et al. (2011).
*M = male; F = female.

Intake that covers the needs of 97.5% of the population.

*Reflects adequate intake reference value, rather than RDA.

[25(OH)D]| and then in the kidney to 1,25-dihydroxy
vitamin D [1,25(OH),Ds], the active form of this vita-
min.

Few foods naturally contain vitamin D, including oily
fish such as salmon, mackerel, and herring, and oils
from fish, including cod liver oil. In the United States,
milk, some juice products, some breads, yogurts, and
cheeses are fortified with vitamin D. This process was
recently started also in Europe.

The Fourteenth Vitamin D Workshop (Brugge, Bel-
gium) consensus on vitamin D nutritional guidelines
established that an absolute minimum 25(OH)D level
of 20 ng/mL is necessary in all individuals to support
and maintain all of the classic actions of vitamin D on
bone and mineral health. Less consensus exists on the
proposal that plasma levels <30 ng/mL would indicate
a vitamin D deficiency (Holick, 2007). The large num-
ber of people of any age in the world that are frankly
vitamin D deficient or insufficient is a risk for several
poor health outcomes and they need vitamin D supple-
mentation (Lanham-New, 2008; Henry et al., 2010).

A recent study (Melhus et al., 2010) presents data on
the association between serum 25(OH)D and the inci-
dence of hip fractures in elderly Swedish men, showing
that the hazard ratio for hip fractures in subjects with
serum 25(OH)D below 16 ng/mL was significantly in-
creased to 1.71. Interestingly enough, this study showed
a low incidence of vitamin D deficiency, most probably
due to fortification of food and higher vitamin D intake
in the Swedish population. In other parts of Europe, a
higher prevalence of serum 25(OH)D below 20 ng/mL
exists, which reaches a level of 23% of men in North

America. Other recent studies provide similar results
(Priemel et al., 2010).

The dietary requirements for vitamin D at different
ages, as defined by the 2011 report of Ross et al. (2011)
are shown in Table 1. Recommended dietary allowances
of 600 IU/d for ages 1 to 70 yr and 800 IU/d for ages
71 yr and older, corresponding to a serum 25(OH)D
level of at least 20 ng/mL, meet the requirements of
at least 97.5% of the US population. According to the
European Union (Commission of the European Union,
2008), the RDA for vitamin D is 5 pg/d, corresponding
to 200 IU.

CALCIUM SOURCES AND BIOAVAILABILITY

Major calcium food sources include dairy products,
selected low-oxalate vegetables, legumes, nuts, and for-
tified foods. The greatest amount of dietary calcium is
obtained from milk and dairy foods. Although there
is no question of the nutritional effectiveness of the
calcium provided by dairy products, some debate still
exists as to whether this source of calcium is biologi-
cally better than other sources, such as calcium salts,
certain vegetables, or mineral waters.

Gueguen and Pontillart (2000) reviewed the literature
comparing the bioavailability of calcium in different
foods. In humans, the calcium in milk and several milk
derivatives (yogurts, cheeses, chocolate) is not more
efficiently used than calcium salts (carbonate, glucono-
lactate, citramalate, lactate, acetate, and citrate) but
is much better absorbed than the calcium in spinach or
water cress, as these plants have high oxalate content,
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inhibiting intestinal absorption of calcium (Weaver et
al., 1987; Heaney et al., 1988).

Studies in rats show that calcium in whey is as ef-
ficiently absorbed and utilized for bone mineralization
as that bound to CN. Moreover, little difference oc-
curs among the different dairy products (milk, cheese,
and yogurt) in terms of calcium bioavailability. As
in humans, most trials in rats have found no differ-
ence between the use of calcium from yogurt or from
other dairy foods or mineral sources (Buchowski et al.,
1989). Calcium from plants (apart that from crucifers),
and specifically calcium from cereals, is generally less
well absorbed than calcium from milk (Weaver and
Plawecki, 1994).

Several studies have shown that lactose has a positive
effect on calcium utilization (Favus and Angeid-Back-
man, 1984; Kaune, 1996), but some evidence exists that
it can decrease absorption in lactase-deficient patients
(Cochet et al., 1983).

ADVANTAGES OF THE CALCIUM
IN DAIRY PRODUCTS

Milk and dairy products contribute many nutrients,
such as calcium, vitamin D (particularly for products
fortified with vitamin D), and potassium, to the diet.
In the United States, the majority of fluid milk intake
comes from reduced-fat (2%) or whole (full-fat) milk,
with smaller amounts consumed as fat-free (skim)
or low-fat (1%) milk (USDA and US Department of
Health and Human Services, 2010). Almost half of the
milk and dairy product intake in the United States
comes from cheese, a limited part of which is consumed
in a low-fat form. Choosing fat-free or low-fat milk and
milk products provides the same calcium with less solid
fat and, thus, fewer calories. In addition, selecting more
milk-group intake as fat-free or low-fat fluid milk or
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yogurt rather than as cheese can increase the intake
of potassium, vitamin A, and vitamin D, and decrease
intake of sodium, cholesterol, and saturated fatty acids.

As for the European Union, fresh milk (drinking
milk, yogurt, and desserts) accounts for the 31.6% of
the whole dairy products, whereas 37.3% of milk is used
for cheeses, 16.2% for butter, 5% for other products,
4.7% for whole milk powder, 3.8% for skim milk pow-
der, and 1.4% for CN (European Commission, 2006).
Thus, almost 40% of EU milk is consumed as cheese,
with 4 Member States (Germany, France, Italy, and the
Netherlands) producing more than 75% of EU cheese
(European Commission, 2006). Large differences occur
among the Member States in the consumption of milk
and dairy products (European Commission, 1999).

As an example of a European country, data on mean
daily consumption of milk and dairy products from an
Ttalian national survey are shown in Table 2 (Leclercq
et al., 2009), whereas calcium and vitamin D intakes
resulting from the same survey are reported in Table
3 (Sette et al., 2010). The higher density in calcium
in female adults with respect to male adults may be
in part attributed to a higher proportion of their diet
represented by “milk, milk products, and substitutes”
(10% in weight of diet in females vs. 9% in males; Sette
et al., 2010).

It is especially important to establish the habit of
drinking milk in young children, as those who consume
milk at an early age are more likely to do so as adults.
For individuals who are lactose intolerant, low-lactose
and lactose-free milk products are available. The Di-
etary Guidelines for Americans 2010 (USDA and US
Department of Health and Human Services, 2010) sug-
gest that people not consuming dairy products should
consume foods that provide the range of nutrients
generally obtained from the milk group, including pro-
tein, calcium, potassium, magnesium, vitamin D, and

Table 2. Mean daily consumption (g/d) of milk and dairy products: Italian National Food Consumption

Survey INRAN-SCAT 2005-2006"

Life-stage group® Milk® Yogurt* Cheese® Desserts’ Total
Whole population (n = 3,323) 119.3 20.6 57.0 1.1 198

Infants 0-2.9 yr (M + F; n = 52) 334 37.3 24.4 1.5 397.3
Children 3-9.9 yr (M + F; n = 193) 197.2 16.7 44.3 0.9 259.1
Teenagers 10-17.9 yr (M; n = 108) 168.3 13.5 63.8 0.5 246.0
Teenagers 10-17.9 yr (F; n = 139) 139.8 20.8 54.6 0.5 215.7
Adults 18-64.9 yr (M; n = 1,068) 94.3 16.3 95.6 1.2 177.5
Adults 18-64.9 yr (F; n = 1,245) 110.5 26.8 54.5 1.1 192.9
Elderly >65 yr (M; n = 202) 119.7 10.6 57.0 0.7 188.0
Elderly >65 yr (F; n = 316) 129.9 18.9 49.9 0.9 199.6

'Source: Leclercq et al. (2009).
M = male; F = female.

SMilk, milk-based beverages, human milk, infant formula, and substitute.

Yogurt and fermented milk.
®Cheese and substitutes.
Milk-based desserts and substitutes.
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Table 3. Calcium and vitamin D daily intakes by life stage and sex from the Italian National Food Consumption

Survey INRAN-SCAI 20052006

Calcium intake (mg/d)

Vitamin D intake (pg/d)

Life-stage group® Mean Median Mean Median
Infants 0-2.9 yr (M + F; n = 52) 664 669 1.8 1.1
Children 3-9.9 yr (M + F; n = 193) 749 714 2.0 1.6
Teenagers 10-17.9 yr (M; n = 108) 892 848 2.6 1.9
Teenagers 10-17.9 yr (F; n = 139) 770 759 2.4 1.9
Adults 18-64.9 yr (M; n = 1,068) 799 756 2.6 1.9
Adults 18-64.9 yr (F; n = 1,245) 730 697 2.3 1.5
Elderly >65 yr (M; n = 202) 825 778 2.5 1.9
Elderly >65 yr (F; n = 316) 754 735 1.8 1.4

'Source: Sette et al. (2010).
’M = male; F = female.

vitamin A, soy beverages fortified with calcium and
vitamins A and D being considered part of the milk and
milk products because of their similarity to milk both
nutritionally and in their use in meals.

Milk calcium content is 1.2 g/kg; 20% is bound to CN
and the remainder, highly available, is in mineral form.
Calcium content in dairy products ranges from 0.6 g/kg
(cottage cheese) to 7.3 g/kg (Cheddar cheese) as shown
in Table 4 (Pennington, 1994). Cream, sour cream,
and cream cheese are not included due to their low
calcium content (USDA and US Department of Health
and Human Services, 2010). Among Italian Protected
Designation of Origin cheeses, calcium content ranged
from 71.4 to 9.75 g/kg in different hard and semi-hard
products, reaching 11.6 and 13.3 g/kg, for Parmigiano
Reggiano and Grana Padano respectively (Manzi et al.,
2007).

Under normal diet conditions, about 40% of milk and
cheese calcium is absorbed. As already pointed out, no
difference exists in availability of calcium from dairy
foods or from commonly used dietary supplements
whose coefficient of absorption is about 30 to 40%, with
the exception of calcium malate, which can offer a bet-
ter bioavailability.

Different from calcium supplements, dairy products
provide simultaneous intake of phosphorus, essential
for bone deposition (Heaney, 1996). Dairy products do
not contain substances inhibiting intestinal absorption
of calcium, like phytates, oxalates, or the polyphenols

of certain vegetables and also may be absorbed in the
absence of vitamin D under the influence of lactose
in the distal small intestine via the paracellular route
(Guéguen and Pointillart, 2000). Milk calcium absorp-
tion is limited by achlorhydria, as in this condition,
calcium bound to proteins remains in solution.

BENEFICIAL EFFECTS OF MILK
OR CALCIUM ON BONE HEALTH

Different reviews and viewpoints are already available
supporting beneficial effects of milk or calcium on bone
health. An adequate calcium intake increases bone min-
eral density during skeletal growth and prevents bone
loss and osteoporotic fractures in the elderly (Lindsay
and Nieves, 1994; Murray, 1996; Heaney, 2000b; Huth et
al., 2006; Straub, 2007; Rizzoli et al., 2010). According
to Francis et al. (2006), the adult population should be
encouraged to a dietary calcium intake higher than 700
mg/d. Moreover, individuals at risk or with established
osteoporosis should consider increasing their dietary
calcium intake to 1,000 to 1,500 mg/d. Calcium supple-
ments appear to be effective in decreasing bone loss in
women late post menopause (>5 yr), particularly in
those with low habitual calcium intake (<400 mg/d;
Lanham-New, 2008).

Bischoff-Ferrari and Staehelin (2008) reviewed the
potential of vitamin for the prevention of falls and frac-
tures at older ages. The review concludes that vitamin

Table 4. Nutrient content per 100 g of various dairy foods'

Calcium Potassium Protein Sodium
Dairy food (mg) (mg) (2) (mg)
Milk, skim 123 166 3 51
Yogurt, nonfat 199 255 6 T
Cheddar cheese 729 100 25 629
American cheese 443 164 21 1,450
Cottage cheese 61 81 12 406

"Modified from Weinsier and Krumdieck (2000, which used data from Pennington, 1994).
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D should be provided to everybody, starting at age 60
for optimal bone and muscle health.

According to all of the above-mentioned authors,
dairy products may be an optimal source of calcium
at all ages as milk provides both calcium and proteins.
Assuming high calcium-containing foods allow meet-
ing calcium daily dietary requirements, dairy products
may represent the best sources of it due to their high
content, high absorptive rate, and relatively low cost
(Sunyecz, 2008).

In this context, Weaver (2008) found that dietary
calcium predicts 10 to 15% of skeletal calcium reten-
tion during adolescence. Along this way, Heaney (2009)
pointed out the difficulty to devise a bone healthy diet
without including 3 servings of dairy food per day,
because dairy products provide more protein, calcium,
magnesium, potassium, zinc, and phosphorus per calo-
rie than any other typical food found in the adult diet
(Heaney, 2000a; USDA, 2005). Dairy foods are excellent
sources for these nutrients, and diets low in dairy will
almost always be low in one or more of the nutrients
necessary for bone health (Heaney, 2009).

Milk is the most economical source of many limiting
nutrients, especially calcium, potassium, and magne-
sium. Overall evidence suggests that being a lactoveg-
etarian implies greater health benefits and decreased
health risks than being a vegan (Weaver, 2009). In a
prospective cohort study of self-reported fracture risk
at follow-up, Appleby et al. (2007) showed that the risk
was similar for meat or fish eaters and vegetarians but
was higher in vegans. The higher risk among vegans was
supposed to be the consequence of their considerably
lower mean calcium intake. The authors suggest that
vegans, who do not consume dairy products, should
ensure an adequate calcium intake from other sources
such as almonds, sesame seeds, and calcium-fortified
drinks.

Tucker (2009) supported encouragement to follow a
balanced diet with plenty of fruit and vegetables, ad-
equate dairy and other protein-rich foods, and prefer-
ence to foods with low nutrient density. She observed
that calcium in foods such as milk is an excellent option
because it is packaged in a natural complex carrying
other important nutrients.

An adequate calcium, vitamin D, and protein intake
results in decreased bone remodeling, better calcium
retention, and decreased age-related bone loss and frac-
ture risk, as pointed out by Peters and Martini (2010).
According to this review, a healthy dietary pattern
including dairy products, fruits and vegetables, and ad-
equate amounts of meat, fish, and poultry is positively
related to bone health. Moreover, mineral and vitamin
supplementation should be monitored by health profes-
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sionals, as it could have adverse effects and be insuf-
ficient to ensure optimal protection of bone health.

A claim of calcium and maintenance of normal bone
and teeth has been assessed by the European Food
Safety Authority with a favorable outcome (EFSA,
2009).

BENEFITS FROM MILK:
SOME EXPERIMENTAL DETAILS

Some of the numerous original articles referring to
positive effects of calcium or milk intake on bone health
will be summarized to give an overview of the different
research approaches trying to establish and quantify
the effects of dairy and calcium intake on bone health
at different ages and in different physiological and envi-
ronmental conditions.

Significant associations between milk intake during
adulthood and bone mineral density (BMD) of the
axial and appendicular skeleton were found in the study
of Soroko et al. (1994), including 581 postmenopausal
white women (average age = 70.6 yr). The relationship,
independent of other major BMD determinants, was
strongest for milk intake during midlife (20 to 50 yr
of age) supporting the notion that a calcium-rich diet
helps to minimize bone loss.

Nguyen et al. (2000) carried out a cross-sectional
epidemiological study involving 1,075 women and 690
men (average age: 69 yr). These data suggest a positive
and interactive association of BMD with body mass
index (BMI), quadriceps strength, and dietary calcium
intake, which could potentially translate into practi-
cal strategies for the prevention of osteoporosis in the
elderly. A significant correlation between forearm BMD
and milk consumption was also found by Hawker et al.
(2002) in young adult Norwegian women.

The advantages of dairy consumption to bone health
are strongest during growth. A retrospective study by
Kalkwarf et al. (2003) investigated the effects of milk
intake during childhood and adolescence on adult bone
density and osteoporotic fractures in 3,251 non-His-
panic US white postmenopausal women. A lower bone
mass in adulthood was found in women with low milk
intake during childhood (ages 5-12 yr) and adolescence
(ages 13-17 yr). Low milk intake during childhood was
associated with 11% of osteoporotic fractures in women
later in life. These compelling results were highlighted
by Tucker (2003).

During the transition to young adulthood, mean daily
calcium intake of North American females and males
was found to decrease by an average of 153 and 194
mg, respectively (Larson et al., 2009). This study sug-
gested interventions targeted to adolescents to address
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the availability of milk at meals and other supports for
healthful eating.

A population of 755 males (mean age = 18.7 yr) en-
tering the United States Military Academy was exam-
ined by Ruffing et al. (2006). A questionnaire assessed
exercise frequency, milk, caffeine, alcohol consumption,
and tobacco use in relation to BMD. The results con-
firmed the importance of race to determine bone size
and BMD. African-Americans had significantly higher
hip, spine, and heel BMD and greater tibial mineral
content and cortical thickness than Caucasians and
Asians. Exercise levels and milk intake were positively
related to bone density and size with an apparent inter-
action between the 2 parameters.

A cross-sectional, retrospective, observational study
was performed in 1,771 healthy, early postmenopausal
women in Northern Italy by Varenna et al. (2007).
Calcium intake was not associated with osteoporosis
when overweight was not considered. However, when
overweight was considered, women with the lowest cal-
cium intake were more likely to have osteoporosis than
women with the highest calcium intake. The authors
suggest that a relatively simple dietary modification at
population level, promoting calcium intake, could play
an important role in decreasing morbidity and mortal-
ity in postmenopausal women.

Inhibition of bone turnover by milk intake in post-
menopausal women was demonstrated by Bonjour et al.
(2008). Thirty healthy postmenopausal women (average
age 59.3 yr) received either 500 mL of semi-skim milk,
thus providing a total of 1,200 mg of calcium, or no
milk supplement. A 6-wk period of milk supplementa-
tion induced a decrease in several biochemical variables
compatible with diminished bone turnover mediated by
decrease in parathyroid hormone.

This effect is comparable to that of calcium and
vitamin D supplementation as recently shown also by
Karkkéinen et al. (2010) who measured BMD in women
aged 65 to 71 yr by a randomized population-based
open trial. Daily vitamin D and calcium supplementa-
tion had a positive effect on the skeleton in ambulatory
postmenopausal women.

It appears, therefore, that a nutritional approach to
postmenopausal alteration in bone metabolism might
be a valuable measure in the primary prevention of
osteoporosis.

Nicklas et al. (2009) recommend 3 to 4 servings from
the dairy group of foods to all people older than 9 yr of
age as a way to ensure adequate intake of calcium and
magnesium.

Lumbar bone mineral content (BMC) and BMD
were found to be tightly associated with milk consump-
tion, but not with other calcium sources (Esterle et
al., 2009). Girls with milk intakes below 55 mL/d have
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significantly lower BMD and BMC compared with girls
consuming over 260 mL/d.

Bioactive components from milk may directly affect
bone health. Milk whey protein, especially the frac-
tion with alkaline isoelectric point (milk basic protein,
MBP), suppressed bone resorption and prevented bone
loss caused by ovariectomy in aged rats (Toba et al.,
2000). Supplementation with MBP also increased bone
mineral density and suppressed urine levels of bone re-
sorption biomarkers in young women (Aoe et al., 2001;
Yamamura et al., 2002; Itabashi, 2006; Uenishi et al.,
2007), in menopausal women (Aoe et al., 2005) and in
healthy older women (>65 yr; Aoyagi et al., 2010). In
particular, MBP directly suppressed osteoclast-medi-
ated bone resorption and led to decreased osteoclast
number in animal studies (discussed in Uenishi et al.,
2007). In a recent paper, Morita et al. (2011) identified
lactoperoxidase as the predominant inhibitor of osteo-
clastogenesis in MBP.

Bovine colostrum acidic proteins (2-50 mg/d) was
able to prevent osteoporosis in ovariectomized rats (Du
et al., 2011b), an effect likely related to the content in
bovine colostrum acidic proteins of several substances
stimulating bone mineralization and growth (osteopon-
tin, epidermal growth factor, and IGF-2). Consistently,
skim milk powder had no effect on bone loss in ovariec-
tomized rats probably due to a loss of biological protein
activity consequent to processing heat treatment (Du
et al., 2011a).

Among bioactive peptides, which can be derived from
milk proteins, CN phosphopeptides (CPP) are carriers
for different minerals, especially Ca (FitzGerald, 1998).
Casein phosphopeptides obtained by in vitro enzymatic
hydrolysis of CN, have been shown to enhance calcium
solubility (Reeves and Latour, 1958) and to increase
the calcification of embryonic rat bones in their diaphy-
seal area (Gerber and Jost, 1986). Donida et al. (2009)
reported that a CN-derived hydrolysate containing
CPP modulates calcium uptake and the differentiation
pathways in human osteoblast-like cells. Tulipano et
al. (2010) demonstrated that CPP may directly affect
osteoblast-like cell growth, calcium uptake, and ulti-
mately calcium deposition in the extracellular matrix,
either with stimulatory or inhibitory effects.

Several aspects of the importance of calcium for
bone health, in conclusion, have been clarified in the
last years. Dietary calcium can augment the ability of
physical activity to strengthen growing bone through
allowing increased bone mineralization of larger bone
sizes. Furthermore, because high calcium intake can
decrease homeostatic bone remodeling, it is likely to
improve skeletal strength even if it has no appreciable
effect on bone mass or bone balance (Heaney and
Weaver, 2005).
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PERPLEXING OR DISCORDANT WORKS

Although studies supporting beneficial effects of milk
or calcium on bone health are predominant in the lit-
erature, perplexity or discordance on this subject was
expressed by some authors.

In a review article, Weinsier and Krumdieck (2000)
critically examined studies on dairy food intake and
bone health. The authors did not develop a meta-
analysis of these studies, and conclusions were based on
the comparison of the number of studies with positive,
negative, or inconclusive results. They noticed that
among studies showing a significant outcome, the ra-
tio of favorable versus unfavorable effects was 8.0, but
among studies providing strong evidence, the ratio was
only 2.0. The group of subjects accounting primarily
for these favorable ratios was composed by young white
women, suggesting that a beneficial effect is most likely
to occur during the period of maximum bone accre-
tion (e.g., Recker et al., 1992). On the contrary, too
few studies exist in males and minority ethnic groups
to determine whether dairy foods really promote bone
health in most of the US population.

Subsequently, Lanou et al. (2005) looked for studies
on the relationship between milk, dairy products, or
calcium intake and bone mineralization or fracture risk
in children and young adults (1-25 yr). Their search
yvielded 58 studies: 22 cross-sectional, 13 retrospective,
10 longitudinal prospective studies, and 13 randomized,
controlled trials. The authors concluded that scant
evidence supports nutritional guidelines specifically fo-
cused on increasing milk or other dairy product intake
for promoting child and adolescent bone mineralization.

Along with this view, Alvarez-Leén et al. (2006),
after searching the MEDLINE database from 1966 to
2005, emphasized limitations to the work published
up to that moment, both in methodology and sample
size; in their opinion, the published evidence provides
only weak evidence of the protective capacity of dairy
products on bone health, and more prospective studies
should be performed in order to better understand the
relationship between dairy product intake and bone
health.

Even if general agreement exists in the literature
on the importance of calcium and vitamin D during
the periods of rapid bone growth in childhood and
adolescence, the evidence regarding the utility of these
supplements to prevent or delay bone loss in adults is
not as compelling according to Lee and Majka (2006).
The rationale of this commentary was mainly based
on data obtained in 36,282 postmenopausal women
enrolled in the Women’s Health Initiative trial, who
received 1 g of calcium carbonate with 400 IU of vita-
min D daily or placebo. The results of this trial showed
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limited benefits of calcium and vitamin D supplements
on fracture prevention in a follow-up period of 7 yr
(Jackson et al., 2006).

An expert roundtable (Roux et al., 2008) concluded
that, based on newly emerging data regarding calcium
supplementation and increased vitamin D intake, the
recommendations for calcium intake in postmenopausal
women may be unnecessarily high. In the opinion of
Lanou (2009), all nutrients found in dairy foods are
readily available in healthier foods from plant sources.
According to this author, bones are better served by
paying attention to calcium balance and focusing on
the need to increase fruit and vegetable intakes, limiting
animal protein, exercising regularly, getting adequate
sunlight exposure or supplemental vitamin D, and get-
ting approximately 500 mg Ca/d from plant sources.
Therefore, dairy products should not be recommended
in a healthy vegetarian diet. This was the counterpart
to the point article by Weaver (2009).

However, a meta-analysis of 9 studies of 2,749 subjects
comparing BMD of vegans, lacto-ovo-vegetarians, and
omnivores concluded that, compared with omnivores,
vegans had 6% lower BMD and lacto-ovo-vegetarians
had 2% lower BMD at the lower lumbar spine; the ef-
fect size was similar at the femoral neck (Ho-Pham et
al., 2009). According to this study, the magnitudes of
the differences were clinically insignificant. Nonethe-
less, most subjects (n = 1,865) derived from one paper
(Wang et al., 2008) that considered together a very
wide range of ages (from 20 to 89 yr).

Lekamwasam et al. (2009) found a 5.8% prevalence
of osteoporosis in 1,174 male volunteers aged 50 yr or
more in Sri Lanka. The study showed that phalangeal
BMD of the volunteers was not associated with smok-
ing or alcohol habits or to milk consumption. On the
contrary, advancing age, less physical activity, and low
BW were associated with low BMD.

CALCIUM INTAKE AND FRACTURE RISK

What has been reported so far underlines the dif-
ficulty of performing studies demonstrating the efficacy
of a calcium-rich diet on bone health. Many parameters
need to be considered: genetic hereditariness; individual
habits of exposure to sunlight, inducing vitamin D syn-
thesis; and differences in life style that affect bone mak-
ing, such as physical exercise. Last, it also is important
to consider the assumption in the diet of substances
known to interact negatively with calcium absorption
or excretion. For instance, chronic metabolic acidosis,
consequent of a high-protein diet, was proposed by
some authors as a risk factor for osteoporosis or bone
fractures due to the increase in urinary calcium excre-
tion resulting from the metabolic acidity of protein
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metabolism (Barzel and Massey, 1998; Bushinsky, 2001;
Arnett, 2008). However, this effect on promoting bone
mineral loss was negated by others (Bonjour, 2005; Cao
et al., 2011; Thorpe and Evans, 2011).

All the relevant factors conditioning bone health
need to be considered instead of focusing the attention
only on one aspect at a time. These factors appear
even most important when the relationship between
calcium intake and risk of bone fractures, particularly
hip fractures, is considered. Hip fractures are obviously
an important public health problem but prevention re-
mains problematic because only few of the established
risk factors are easily amenable to change. These risk
factors are old age, female sex, white race, low weight,
physical inactivity, psychotropic medications and, in
women, estrogen deficiency (Cumming and Klineberg,
1994). Other possible risk factors for hip fractures
include alcohol, caffeine, and smoking (WHO/FAO,
2003).

A case (n = 209)-control (n = 207) study of hip
fracture risk in the elderly was carried out in Austra-
lia by Cumming and Klineberg (1994). Self-reported
consumption of milk and dairy products, particularly
at the age of 20 yr, was associated with an increased
risk of hip fracture in old age. The authors themselves
conclude that these surprising findings could be due to
chance or bias, mainly derived from the use of subject
recall to measure exposure that occurred many decades
in the past.

Feskanich et al. (1997) focused their investigation
on dietary sources of calcium to assess the validity of
advising women to increase their milk consumption
for the prevention of osteoporosis. The results, most
directly applicable to middle-aged white women in
the United States, suggest that although therapeutic
levels of calcium supplementation may protect against
osteoporotic fractures at particular bone sites, protec-
tive effects against hip or forearm fractures is unlikely
to come from high consumption of milk or other food
sources of calcium during midlife. This 12-yr analysis
was expanded in an 18-yr prospective analysis carried
out on 72,337 postmenopausal women (Feskanich et
al., 2003). Dietary intake and nutritional supplement
use were assessed at baseline in 1980 and updated
several times during follow-up. A total of 603 incident
hip fractures resulting from low or moderate trauma
were identified. Neither total calcium intake nor milk
consumption was associated with hip fracture risk. An
adequate vitamin D intake was associated with a lower
risk of osteoporotic hip fractures in these postmeno-
pausal women.

Kanis et al. (2005) carried out a meta-analysis on
milk intake and fracture risk including 39,563 men
and women (69% female) from 6 prospectively stud-
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ied cohorts. A low intake of calcium (less than 1 glass
of milk daily) was not associated with a significantly
increased risk of any fracture, osteoporotic fracture or
hip fracture. According to the authors, a self-reported
low intake of milk was not associated with any marked
increase in fracture risk and the use of this risk indica-
tor was of little or no value in case-finding strategies.

Calcium intake and hip fracture risk in men and women
were also considered in a comprehensive meta-analysis
of prospective cohort studies and randomized controlled
trials not differentiating supplements from dairy food
(Bischoff-Ferrari et al., 2007). Among females, the co-
hort data (including 170,991 women) suggest a neutral
effect of calcium intake on hip fractures, but data from
controlled trials of calcium supplementation (including
5,666 women) suggest an adverse effect, even among
adherent subjects. In addition, controlled trial data for
any non-vertebral fractures indicate a neutral effect of
calcium with respect to fracture reduction. Also, the
few studies in males included in this meta-analysis did
not support a beneficial effect of calcium intake on hip
fracture risk. A meta-analysis recently published by the
same authors (Bischoff-Ferrari et al., 2011) considered
the effect of milk intake on hip fracture in middle-aged
or older men and women. In females, the relative risk of
hip fracture per glass of milk was similar, whereas data
in males are once again too limited to draw conclusions.

Evaluation of calcium intake in a group of elderly
patients with hip fractures showed that their mean cal-
cium intake was above the recommended daily intake of
800 mg/d (Cho et al., 2008). However, more than one-
third of these patients had a lower intake. The authors
focused on the complex relationship between calcium
intake and fracture susceptibility, suggesting further
studies on the paradox that subjects with sufficient or
high calcium intake still have a high incidence of hip
fractures.

Different conclusions were reached by a meta-regres-
sion analysis carried out by Rabenda et al. (2011) on
a total of 15 randomized trials (n = 47,365) evaluating
the relationship between BMD changes and decrease in
risk of fractures among patients receiving calcium with
or without vitamin D supplementation. The authors
started from 2,051 potentially relevant articles identi-
fied and screened for retrieval. They excluded 1,966
irrelevant articles, 85 abstracts, and 67 other articles
for different reasons (editorials, reviews, randomized
trials using calcium in the control group, and trials
with vitamin D only, children, and adolescent patients).
The articles not reporting fracture data or BMD stud-
ies were also excluded. No evidence was found of a
relationship between BMD changes and decrease of
risk of fractures among patients receiving calcium with
or without vitamin D supplementation. In accordance
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with Heaney and Weaver (2005), the authors suggested
that high calcium and vitamin D intakes can improve
skeletal strength, even if they have no appreciable effect
on bone mass or bone balance.

In a very recent review evaluating the effectiveness of
calcium supplementation to prevent osteoporosis-relat-
ed fractures in postmenopausal women Spangler et al.
(2011) emphasize the results of controlled clinical trials
that indicate that calcium supplementation does not
significantly decrease fracture risk in postmenopausal
women. They conclude, however, from the same stud-
ies, that beneficial effects on fracture risk may be seen
in women who are adherent to the therapy.

FORTIFIED DAIRY PRODUCTS

Milk is an appropriate vehicle to be fortified with
calcium, vitamin D, and other minerals. Many stud-
ies were performed in the last few years on the effect
of fortified dairy products on the different aspects
of bone metabolism. Palacios et al. (2005) evaluated
the changes in bone turnover markers after calcium-
enriched milk supplementation in healthy postmeno-
pausal women. The daily intake of 750 mL of enriched
skim milk containing 1,200 mg of calcium appeared to
be a useful, safe, and acceptable measure for calcium
supplementation in healthy elderly postmenopausal
women. The authors suggested the daily intake of at
least 3 glasses of this calcium, phosphorus, lactose, and
vitamin D fortified skim milk containing 1,200 mg of
calcium for decreasing bone resorption in women 10 or
more years past menopause.

The absorption of calcium from a range of fortified
milks was measured in humans with the use of stable
isotopes (Lépez-Huertas et al., 2006), showing that
calcium-enriched milks are a valuable source of well-
absorbed calcium.

The effect of a fortified milk drink on vitamin D status
and bone turnover was investigated in postmenopausal
women from Southeast Asia (Kruger et al., 2006). The
fortified milk intervention was able to significantly
improve vitamin D status, lower parathyroid hormone
(PTH) levels, and decrease bone turnover in this study
population.

According to Moschonis and Manios (2006) recom-
mended intakes of vitamin D and calcium via fortified
dairy products for 12 mo can induce favorable changes
in the pelvis, total spine, and total body BMD in Greek
postmenopausal women but not in quantitative ultra-
sound parameters of the calcaneus. The application of
a holistic intervention approach combining nutrition,
education, and consumption of fortified dairy products
for 12 mo (Manios et al., 2007) or for 5 winter months
(Manios et al., 2009) induced more favorable changes
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in biochemical indices of bone metabolism than can
calcium supplementation alone.

In most trials reviewed by Cranney et al. (2007), the
effects of vitamin D and calcium could not be sepa-
rated. Vitamin D (>700 IU/d) associated with calcium
supplementation compared with placebo has a small
beneficial effect on BMD, and decreases the risk of
fractures and falls, although benefit may be confined to
specific subgroups.

In a 2-yr randomized controlled trial, calcium- and
vitamin D-fortified milk stopped or slowed bone loss
at several clinically relevant skeletal sites in older men
(Daly et al., 2006). Sustained benefits for BMD were
observed after withdrawal of supplementation (Daly et
al., 2008).

According to Bonjour et al. (2009), fortified soft
plain cheese consumed by elderly women with vitamin
D insufficiency can decrease bone resorption markers
by positively influencing calcium and protein economy;,
as expressed by decreased parathyroid hormone and in-
creased IGF-I, respectively. Such a dietary intervention
might uncouple, at least transiently, bone resorption
from bone formation and thereby attenuate age-related
bone loss.

A high-calcium milk drink with added vitamin D,
magnesium, and zinc was compared with a placebo
(Kruger et al., 2010). The high-calcium milk drink
significantly improved vitamin D status and decreased
bone turnover in 2 groups of Southeast Asian women.

Intakes of vitamin D of about 22.5 pg/d and of cal-
cium of about 1,200 mg from fortified dairy foods for
30 mo, with compliance ensured by lifestyle and nutri-
tion education sessions, was able to induce favorable
changes in arms, total spine, and total body BMD of
postmenopausal women (Moschonis et al., 2010).

van der Hee et al. (2009) designed a calcium-fortified
ice cream formulation, lower in fat than regular ice
cream, which could provide a source of additional di-
etary calcium. Calcium bioavailability in the 2 calcium-
fortified ice cream formulations was as high as milk,
indicating ice cream as a good vehicle for delivery of
calcium.

CONCLUSIONS

As concluded by the Committee of the Institute of
Medicine (Ross et al., 2011), available scientific evi-
dence supports a key role of calcium and vitamin D in
skeletal health, consistent with a cause-and-effect rela-
tionship and providing a sound basis for determination
of intake requirements. The complexity of the relation-
ship between dairy intake and bone health is wide,
as we have shown in this short state of the art. Bone
metabolism is influenced by several factors, including
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genetic, hormonal, physiologic, and nutrition effects.
Many confounding elements can bias the experimental
trials, in particular the retrospective ones based on self-
reported data on milk and dairy intake. Fortified dairy
products can also be a further confounding factor when
comparing studies carried out in countries characterized
by different use of these products in the population.
The wide variety of dairy products is also an aspect
that should be considered in evaluating the different
amounts of bioavailable nutrients that can affect bone
health. In any case, some general conclusions can be
drawn. First, milk and dairy products are an optimal
source of calcium as well as other limiting nutrients
(e.g., potassium and magnesium), with important ef-
fects on bone health. Bioactive components occurring
in milk and dairy products may play an essential role
in bone metabolism, as shown by colostrum acidic pro-
teins and MBP. Calcium intake positively affects bone
mass and is crucial in childhood and youth for correct
bone development. In elderly people, calcium intake
as well as vitamin D availability should be carefully
checked. The literature reporting favorable effects of
milk and dairy products on bone is highly predominant
compared with contradictory papers, including discor-
dant and perplexing works. Discordant data, mainly
on the risk of fractures, provided limited proof of the
unfavorable effects of dairy intake. The majority of the
contradictory papers indicate that dairy consumption
does not alter bone safety. The best conclusion comes
from Lindsay and Nieves (1994): “Calcium will not pre-
vent the bone loss due to other factors . . . nonetheless,
milk is a bioavailable, relatively inexpensive source of
calcium for those who can ingest it.”
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