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ABSTRACT

A large body of scientific evidence collected in recent
decades demonstrates that an adequate intake of cal-
cium and other nutrients from dairy foods reduces the
risk of osteoporosis by increasing bone acquisition dur-
ing growth, slowing age-related bone loss, and reducing
osteoporotic fractures. These results have culminated
in the new (2005) Dietary Guidelines for Americans
that now recommend 3 servings of milk products per
day to reduce the risk of low bone mass and contribute
important amounts of many nutrients that may have
additional health attributes beyond bone health. A
number of animal, observational, and clinical studies
have shown that dairy food consumption can help re-
duce the risk of hypertension. Clinical trials indicate
that the consumption of recommended levels of dairy
products, as part of a healthy diet, can contribute to
lower blood pressure in individuals with normal and
elevated blood pressure. Emerging data also indicate
that specific peptides associated with casein and whey
proteins can significantly lower blood pressure. In addi-
tion, a growing body of evidence has provided support
for a beneficial effect of dairy foods on body weight and
fat loss. Clinical studies have demonstrated that during
caloric restriction, body weight and body fat loss occurs
when adequate calcium is provided by supplements and
that this effect is further augmented by an equivalent
amount of calcium supplied from dairy foods. Several
studies support a role for calcium, vitamin D, and dairy
foods against colon cancer. Additionally, conjugated lin-
oleic acid, a fatty acid found naturally in dairy fat,
confers a wide range of anticarcinogenic benefits in ex-
perimental animal models and is especially consistent
for protection against breast cancer.
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INTRODUCTION

Milk has been recognized as a staple of the human
diet since the agricultural revolution, approximately
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8000 BC. The nutritional value of milk was recognized
in an Islamic medical tome that reads: “Drink milk, for
it wipes away heat from the heart, strengthens the
back, increases the brain, augments the intelligence,
renews vision, and drives away forgetfulness.” Al-
though these claims are not supported by modern scien-
tific standards, it underscores the high nutritional qual-
ity that societies, over the centuries, have associated
with milk consumption.

Modern nutrition is a relatively young science that
emerged in the early 20th century. Nutritionists
quickly recognized the nutrient density of milk and its
value in providing essential nutrients in a balanced
diet. Since then, the importance of milk in meeting
nutrient needs has been emphasized in virtually all
US government nutrition programs and public health
dietary guideline statements for the last century. Most
recently, the 2005 Dietary Guidelines recommend that
the majority of Americans increase their intake of milk
and milk products to 3 servings per day. Beyond the
role of milk as part of a nutrient dense diet that provides
necessary nutrients for normal growth and develop-
ment, research over the past 30 to 40 yr has shown that
milk and milk products can help reduce the risk of
chronic disorders including osteoporosis, hypertension,
excess body weight and body fat, and colorectal cancer.

The aim of this review is to discuss the role of dairy
foods in a healthy diet and to describe the major scien-
tific advances leading to specific health benefits associ-
ated with adequate dairy food intake.

NUTRITIONAL VALUE OF MILK

Cow’s milk and other dairy foods are the major source
of calcium in the US diet, providing more than 70% of
the calcium available in the food supply. In an analysis
of food sources of calcium, milk and milk products pro-
vided 83% of the calcium in the diets of young children,
77% of the calcium in adolescent females’ diets, and
between 65 and 72% of the calcium in adults’ diets.
Pragmatically, it is difficult to achieve dietary calcium
recommendations without consuming dairy products.

The public health benefits of calcium are well recog-
nized. The major concern in the United States is meet-
ing current recommended intakes. Unfortunately, most
Americans are not meeting the dietary recommenda-
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Figure 1. Adequate intakes (AI) for calcium with age (dashed line)
compared with mean intakes of calcium for men and women in the
United States. Mean intakes for calcium are from the 1994 Continu-
ing Survey of Food Intakes by Individuals, adjusted for day-to-day
variation, which do not include calcium intakes from supplements.
Adapted from Weaver, 2001; reproduced with permission from Inter-
national Life Sciences Institute.

tions for calcium, particularly young and adolescent
girls and older adults. Surveys by the USDA indicate
that 9 out of 10 teenage girls and adult women, and 7 out
of 10 teenage boys and adult men fail to meet calcium
recommendations. Only 4 to 5% of women ages 50 and
older consume 100% of the calcium recommendation.
Figure 1 shows the gap between the recommended in-
take for calcium and actual mean intake from the USDA
1994 Continuing Survey of Food Intake by Individuals.
Individuals, both male and female, after age 10, do not
reach recommended calcium intakes for either males
or females. After age 50, the mean intakes by females
and males are only about 600 and 700 mg/d, respec-
tively; levels that are only 50% of the recommended
intake. These data indicate that a majority of the US
population has inadequate intake of calcium. The low
dietary intake of calcium by adolescents is of particular
concern because it coincides with a period of rapid skele-
tal growth, which represents a “window of opportunity”
to maximize bone mass. About 90% of humans’ bone
mass is achieved by age 17.

Americans’ low calcium intake and the gap between
recommended dietary intakes and typical intakes are
recognized as a major public health problem. The cal-
cium crisis may be attributed, at least in part, to
changes in food consumption patterns of the US popula-
tion over the past century, in particular the trend to-
ward consuming less milk and more soft drinks. In
1945, Americans consumed more than 4 times as much
milk as soft drinks. In contrast, in 1998, 2%5 times more
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Figure 2. Milk consumption compared with soft drink consump-
tion. Adapted from Putnam (2000).

soda was consumed than milk (Figure 2). After age 8,
the intake of soft drinks increases dramatically and
by age 18, adolescents drink approximately 19 oz/d,
whereas milk consumption decreases to less than 8 oz/
d. The USDA’s Healthy Eating Index surveys indicate
that Americans older than 2 yr of age consumed an
average of 1.5 servings/d of dairy foods instead of the
2 to 3 servings/d currently recommended.

A recent National Institutes of Health consensus
panel on osteoporosis attributes Americans’ low cal-
cium intake to “restriction of dairy products, a generally
low level of fruit and vegetable consumption, and a high
intake of low calcium beverages such as sodas.” In a
national survey, only those children consuming milk
at lunch met or exceeded calcium recommendations,
whereas those consuming soft drinks, juice, or tea did
not. A recent study found that high school students who
consumed more soft drinks had a higher risk of bone
fractures than those consuming fewer soft drinks.
These and other data indicate that the low calcium
intakes by Americans may be attributed, at least in
part, to changes in the food consumption patterns in
the United States, in particular the trend toward con-
suming less milk and more soft drinks.

In the United States, The new MyPyramid food guid-
ance system (www.mypyramid.gov) is the primary sci-
ence-based nutrition education tool that translates di-
etary recommendations into simple food guidelines to
help consumers meet nutrient needs and prevent
chronic disease. The MyPyramid recommends that
Americans greater than 8 yr of age consume 3 dairy
servings per day. The 2005 Report of the Dietary Guide-
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lines Advisory Committee on the relationships between
milk product intake and health concludes: “Consuming
three servings of milk and milk products each day can
reduce the risk of low bone mass and contribute im-
portant amounts of many nutrients. Furthermore, this
amount of milk product consumption may have addi-
tional benefits and is not associated with increased body
weight. Therefore, the intake of three cups of milk prod-
ucts per day is recommended.” This is consistent with
the work of Fulgoni and coworkers at the National
Dairy Council that demonstrated that groups of individ-
uals who met or exceeded the previous (2000) Food
Guide Pyramid (FGP) dairy recommendations of 2 to
3 servings/d were more likely to have a mean calcium
intake above the recommended intake for calcium,
which means the likelihood of inadequate calcium in-
take in these groups is low. However, the groups that
met or exceeded the FGP dairy recommendations had
an average dairy intake about 1 serving higher (3 to 4
servings/d) than the 2000 FGP recommendations. Their
data indicate that 3 to 4 servings from the milk group
for all individuals greater than 9 yr of age is necessary
to meet recommendations and to ensure adequate in-
takes of calcium.

Ensuring adequate calcium intake from foods, such
as dairy foods, is crucial as diets inadequate in this
nutrient are also low in many other essential nutrients.

It was once believed that some populations (e.g., Afri-
can-Americans, Asians) might not be able to include
dairy foods into their diet because of lactose intolerance.
However, it is now known that many individuals diag-
nosed with lactase nonpersistence (i.e., lactose mal-
digesters) can tolerate dairy foods quite well by consum-
ing milk with meals, selecting low-lactose dairy foods,
or using lactase supplements. This has been reinforced
by the National Medical Association in a consensus
report on the role of dairy foods in the diets of African-
Americans and recommends 3 to 4 servings of dairy
foods a day to help achieve recommended calcium in-
takes as well as other nutrients associated with dairy
foods.

Milk and other dairy foods also contribute substantial
amounts of other essential nutrients to the US diet
(Table 1) including: phosphorus (32%), riboflavin (26%),
vitamin Biy (21%), protein (19%), potassium (18.9%),
zinc (16%), magnesium (16%), and vitamin A (15%).
Vitamin A is naturally present in whole milk and is
added to low-fat and fat-free milk in the United States
and Canada; it plays a key role in vision, cellular differ-
entiation, and immunity. Nearly all fluid milks in the
United States and Canada are fortified with vitamin
D. Fluid milk in the United States is fortified to a stan-
dardized level of 400 IU of vitamin D/quart. Fortified
milk and ready-to-eat cereals are the predominant food
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Table 1. Percentage nutrient contributions of dairy foods (excluding
butter) to the US food supply in 1999!

Nutrient Percentage
Energy 9.3
Protein 194
Fat 12.3
Saturated fat 24.3
Carbohydrate 4.6
Minerals
Calcium 72.1
Phosphorus 324
Zinc 16.2
Magnesium 15.8
Iron 1.8
Potassium 18.9
Sodium 31.5
Vitamins
Riboflavin 26.1
Vitamin Bqo 21.6
Vitamin A 15.3
Vitamin Bg 8.7
Folate 6.2
Thiamin 4.7
Vitamin E 2.8
Ascorbic acid 2.5
Niacin 1.2

!Adapted from Gerrior and Bente (2002).

sources of vitamin D. Some yogurts and processed
cheeses also contain added vitamin D. However, milk
products such as butter, ice cream, sour cream, cream,
cottage cheese, and most varieties of hard and soft
cheeses are not generally fortified with vitamin D. Vita-
min D’s major biologic function in humans is to main-
tain normal calcium and phosphorus levels in the blood
by enhancing the efficiency of their absorption from the
diet. Hence, there is a clear interdependence of calcium
and vitamin D on the maintenance of skeletal health.
Numerous studies have reported that the intake of milk
and other dairy foods improve the overall nutrient den-
sity and quality of the diet in women, older adults,
children, and adolescents. The importance of calcium
in reducing the risk of chronic diseases such as osteopo-
rosis was a key factor in setting higher dietary recom-
mendations for this nutrient by the Institute of Medi-
cine in 1997 for children, adolescents, adults (19 to 50
yr) and older adults (=51 yr) compared with the 1989
recommended daily allowance (Table 2). These higher
recommendations coincide with peak calcium accumu-
lation rates in bone that occurs in teenage girls and
boys and the age-related decline in calcium absorption
among older adults.

HEALTH BENEFITS OF MILK AND MILK PRODUCTS

The nutritional role of milk as a component of the diet
has traditionally been evaluated based on its overall
contribution of essential and nonessential nutrients to
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Table 2. National Academy of Sciences (NAS) dietary reference in-
takes for calcium (mg/d)!

Males and Females

Age NAS 19891 NAS 19972
1to 3 yr 500 500
4 to 8 yr 800 800
9 to 18 yr 1,200 1,300
19 to 50 yr 1,200 1,000
>50 yr 1,200 1,200

Food and Nutrition Board, 1989, 1997.

a high quality diet for the support of optimal growth
and development. More recently, however, the con-
sumption of milk and other dairy foods, by virtue of
their mineral, bioactive lipids, and protein components,
have been shown to help reduce the risk of chronic
disease disorders including osteoporosis, hypertension,
excess body weight and body fat, dental caries, and
some cancers.

OSTEOPOROSIS

Osteoporosis is generally characterized as the pro-
gressive loss of bone mass and deterioration of bone
tissue, leading to skeletal weakness and an increased
susceptibility to bone fractures. Approximately 10 mil-
lion US adults aged 50 yr and older suffer from osteopo-
rosis, and another 33 to 34 million have low bone mass
and are at high risk for the disease. Bone mass later
in life is determined primarily by peak bone mass devel-
opment, of which more than 90% is attained by age 20
and 99% by age 26. Osteoporosis or low bone mass is
recognized today to be a “pediatric disease with geriat-
ric consequences.” Although women are 4 times more
likely than men to develop osteoporosis, the disease
also affects men and occurs in all ages, races, and ethnic
groups. Osteoporosis is responsible for approximately
1.5 million spontaneous bone fractures each year, incur-
ring an annual cost of up to $17 billion. It is estimated
that by 2020, half of Americans over age 50 will have
or be at high risk of osteoporosis if preventative mea-
sures are not taken. In a 2004 landmark publication,
Report on Bone Health and Osteoporosis, the Surgeon
General pointed out that it is essential to develop effec-
tive strategies throughout life to prevent and manage
this bone disease.

The Importance of Peak Bone Mass

In the past 35 yr, observational studies and random-
ized clinical trials in children, adults, and older adults
have demonstrated the importance of peak bone mass
development for reducing the risk of osteoporosis and
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Figure 3. Graphical representation of the bone mass lifeline in
individuals who achieve their full genetic potential for skeletal mass
and in those who do not. Note: The magnitude of the difference
between the curves is not intended to be to scale. Along the bottom of
the graph are arrayed several of the factors known to be of particular
importance. ©Robert P. Heaney, 1999; used with permission.

bone fracture rates later in life. Furthermore, studies
have shown that adequate calcium intake from milk
and other calcium-rich dairy foods has a significant
positive effect on bone mass development.

The bones in the human skeleton grow in length,
width, and mass in parallel with overall body growth. In
infants, skeletal growth and bone acquisition is initially
rapid and then slows somewhat during most of child-
hood until puberty when it again becomes very rapid.
About 85 to 90% of final adult bone mass is acquired
by age 18 in girls and around age 20 in boys. Bone
formation and bone resorption (loss) is a dynamic and
ongoing process that is in equilibrium under normal
conditions in adults. Under conditions of developing
osteoporosis from aging and loss of estrogen (meno-
pause), however, the rate of bone resorption exceeds
the rate of bone formation resulting in a reduction in
bone mass and, hence, in bone strength. The amount
and quality of the skeleton achieved by adulthood and,
hence, the potential susceptibility to osteoporosis de-
pends on a number of factors including genetic predispo-
sition, nutrient intake, and physical activity. Figure 3
graphically illustrates these factors and the importance
of achieving a high peak bone mass by early adulthood
for protection against bone fragility and fractures later
in life. The importance of achieving peak bone mass in
early adulthood for maximal bone strength later in life
was first suggested from observational studies showing
that older individuals had lower bone mass than
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younger individuals but that the degree of bone loss
was proportionately the same in those with high and
low starting bone mass. These observations suggested
that, in general, bone mass tracks across the life span
and that individuals who are at the high end of the
population distribution for bone mass development at
age 30 will also be at the high end at age 70. This
same pattern of bone mass distribution has also been
observed in studies over short time spans in prepuber-
tal children and in older adults. These and other studies
have resulted in a consensus that 1) bone mass is an
important determinant of bone strength; and 2) achiev-
ing a high peak bone mass early in life predicts higher
bone mass and greater resistance to fracture later in
life.

The Importance of Nutrition and Dairy Products

Genetic and environmental factors, including nutri-
tion and physical activity, are important factors that
influence bone health and risk of osteoporosis. For ex-
ample, heredity studies of bone mineral density among
monozygotic and dyzygotic twins indicate that about
75% of the variance in peak bone mass is determined
by genetic factors that likely involve candidate genes
related to growth hormone and insulin-like growth fac-
tor pathways, including their receptors and binding
proteins.

The role of nutrition in the production and mainte-
nance of bone matrix involves supplying nutrients such
as protein, vitamins C, D, and K, and the minerals
copper, manganese, and zinc for the synthesis of colla-
gen and many other proteins. Additionally, calcium,
vitamin D, and phosphorus have long been known to
be critical for the development of bone. Calcium is the
most common mineral in the body and 99% is stored in
the skeleton. The composition of bone is mainly calcium,
phosphorus, and protein (about 50% protein and 50%
calcium phosphate crystals). These components are
largely responsible for the structural and mechanical
properties of bone. The main food sources of calcium in
the US diet and of many of the nutrients involved in
bone development are milk and other dairy foods. Dairy
foods provide, in addition to high quality protein, both
calcium and phosphorus in a ratio that has evolved to
be optimal for skeletal growth and development. High
calcium intake, especially from dairy foods, along with
adequate vitamin D, has been demonstrated to max-
imize the genetic potential for peak bone mass (which
is reached during the first 20 to 30 yr of life), maintain
skeletal mass in adulthood, and slow age-related bone
loss and reduce the susceptibility to fracture later in
life. Support for a causal link between low peak bone
mass development and risk of fracture later in life
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comes from observational studies showing that similar
population groups with different lifetime dietary cal-
cium intakes had substantially different bone mass and
different hip fracture rates. Furthermore, many studies
have shown a positive relationship between bone min-
eral density in adult women and their milk consump-
tion in childhood and adolescence.

In an analysis of 139 scientific papers published be-
tween 1975 and 2000 on the relationship between cal-
cium intake and bone health, 50 of 52 controlled calcium
intervention studies showed better bone balance,
greater bone gain during growth, reduced bone loss, or
decreased fracture risk at high calcium intakes. In a
recent assessment of 180 published studies, a positive
relationship between calcium intake and bone health
was supported in 68 of 70 controlled intervention stud-
ies, and all intervention studies that used dairy foods
showed a beneficial effect on bone health.

It is becoming increasingly evident that dietary pat-
terns containing naturally nutrient dense foods con-
sisting of milk and other dairy foods positively affect
bone health and can reduce the risk of other chronic
disease conditions. Researchers have demonstrated, for
example, that a dietary pattern such as the Dietary
Approaches to Stop Hypertension (DASH) diet—a low
fat, calcium, and mineral-rich diet that is high in fruits,
vegetables, and dairy products that included approxi-
mately 3 servings per day of milk, yogurt, and cheese
significantly reduced bone turnover in adults that if
sustained may further reduce the risk of osteoporosis.
Using these and other studies, researchers conserva-
tively estimated that consuming 3 to 4 servings of dairy
foods per day could reduce osteoporosis-related frac-
tures by at least 20%, resulting in healthcare cost sav-
ings of more than $3.5 billion/yr or $14 billion over 5 yr.

Research over the past 35 yr on the relationship be-
tween nutritional status and bone health has prompted
government and health professional organizations, as
well as leading nutritional experts, to recommend food
as the preferred source of calcium and other essential
nutrients. The National Institute of Child Health and
Development has pointed out that “low-fat milk or low-
fat milk products are the best sources of calcium be-
cause they contain large amounts of calcium along with
additional nutrients to help the body better absorb cal-
cium. They also are already a part of the diet of most
Americans. Along with calcium, milk provides other
essential nutrients, including vitamin D, potassium,
and magnesium, all essential for optimal bone health
and human development.”

The data supporting improved bone health through-
out the lifecycle with adequate consumption of calcium
and dairy products validate the critical need for regular,
lifelong consumption of at least 3 to 4 dairy servings per
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day to maintain the structural integrity of the human
skeleton. The 2005 Dietary Guidelines for Americans
also recommend 3 cups of milk or the equivalent of milk
products per day, preferably nonfat or low-fat products
for all persons with energy requirements >1,600 calo-
ries/d.

HYPERTENSION

Since the early 1980s, a considerable body of evidence
has accumulated from research in animal models, ob-
servational studies, and dietary intervention studies
that support a beneficial role for the consumption of
milk and other dairy foods as well as specific bioactive
components of milk in blood pressure control.

Antihypertensive Effects of Calcium
and Dairy Foods

Substantial scientific evidence indicates that calcium
and potassium, two nutrients found together in mean-
ingful amounts in dairy foods, have a beneficial effect
on blood pressure regulation. The probable importance
of the blood pressure lowering effect of calcium in hu-
mans was first suggested in a 1984 analysis of the first
National Health and Nutrition Examination Survey
(NHANES I). Dietary data of more than 10,000 Ameri-
can adults identified an inverse association between
dietary calcium and blood pressure levels whereby di-
etary calcium intakes of 1,000 mg/d or more were associ-
ated with a 40 to 50% reduction in hypertension preva-
lence. Ofthe 17 nutrients assessed in that study, includ-
ing sodium and potassium, calcium was the only
nutrient that differed significantly in intake between
persons with and without hypertension. The relation-
ship between higher calcium intake and lower blood
pressure has now been reported in numerous popula-
tion surveys (reviewed by Birkett from the University
of Ottawa).

Randomized clinical trials that have assessed the ef-
fects of calcium or dairy products on blood pressure have
confirmed a blood pressure-lowering effect of adequate
calcium consumption from foods and supplements. Al-
though blood pressure responses to modifications in
nutrient intake typically vary among individuals, the
beneficial blood pressure effect tends to be more consis-
tent when foods rather than calcium supplements are
used as the mineral source. This finding indicates that
calcium may serve as a marker for dairy foods, and that
observed blood pressure benefits are not derived solely
from calcium, but from the full nutritional profile of
dairy foods, which include multiple minerals, including
potassium and magnesium, vitamins, protein and es-
sential fatty acids.
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In the landmark DASH controlled-feeding study, per-
sons with high-normal blood pressures consumed 1 of
3 diets for 8 wk. A control, or “typical American,” diet
was compared with 2 diets lower in total and saturated
fat and high in fiber, one that was rich in fruits and
vegetables (8 to 10 servings/d), and the other rich in
fruits and vegetables and also containing 3 servings
of dairy products/d. The latter diet (the DASH diet)
resulted in impressive reductions in both systolic blood
pressure (SBP; 5.5 mmHg) and diastolic blood pressure
(DBP; 3 mmHg) compared with the typical American
diet. The fruits-and-vegetables diet (without the dairy
component) produced blood pressure reductions of
roughly half that magnitude (SBP: 2.7 mmHg; DBP:
1.9 mmHg).

Subgroup analysis revealed even more profound ef-
fects of the DASH diet within certain populations.
Among African-Americans, the DASH diet resulted in
blood pressure reductions of 6.9 mmHg (SBP) and 3.7
mmHg (DBP) compared with the control diet. These
reductions were approximately double those achieved
with the fruits-and-vegetables diet without dairy foods.
Particularly noteworthy in this cohort, in which lactose
maldigestion is presumed to occur more commonly than
in other racial groups, was the lack of adverse gastroin-
testinal effects with the addition of 3 dairy servings to
the daily diet.

Blood pressure changes with the DASH diet were
most dramatic in persons with established hyperten-
sion (SBP >140 or DBP 290 mmHg). Although the fruits-
and-vegetables diet compared with the control pro-
duced decreases of 7.2 and 2.8 mmHg (SBP and DBP
respectively), the DASH diet, with its inclusion of dairy
foods, resulted in decreases of 11.4 and 5.5 mmHg (SBP
and DBP, respectively). As noted by the investigators,
these blood pressure improvements approached those
attainable with antihypertensive medications. At study
completion, 70% of the DASH diet group had normal
blood pressure (SBP <140, DBP <90 mmHg), compared
with 23% of the control group and 45% of the fruits-
and-vegetables-only diet group.

The effects on blood pressure of the DASH diet were
further examined in a second major study—the DASH-
Sodium trial, in which the diet was tested with various
levels of sodium. Like the first DASH trial, blood pres-
sure was significantly reduced in persons consuming
the DASH diet compared with the control diet, and this
occurred across all levels of sodium intake. This study
confirmed that for most adults, with the exception of
older persons with established hypertension, regular
consumption of a high quality diet, rich in fruits, vegeta-
bles, and dairy products, is a highly effective dietary
means of controlling blood pressure.
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A third major DASH-related study—the PREMIER
trial, in which the DASH diet was tested in conjunction
with simultaneous lifestyle modifications to improve
blood pressure—demonstrated the feasibility of in-
creasing dairy intake in the population. Nearly 60% of
the study participants on the DASH diet met their dairy
intake goal, whereas only one-third achieved the fruits
and vegetable intake.

A recent multicenter, prospective observational
study—the Coronary Artery Risk Development in
Young Adults (CARDIA) trial—evaluated the effect of
dairy food consumption on risk factors related to the
insulin resistance syndrome. A consistent reduction in
the incidence (P < 0.001) of hypertension was observed
with higher consumption of dairy foods, including low
and full-fat varieties, butter, and ice cream in over-
weight individuals (>25 kg/m?). Other risk factors asso-
ciated with insulin resistance syndrome were lower
with higher dairy intake, including obesity, abnormal
glucose tolerance, and dyslipidemia. The 10-yr cumula-
tive incidence of hypertension in those with the lowest
dairy consumption (<10 servings/wk or <1.5 servings/
d) was 22.9% compared with 8.7% in those with the
highest (=35 servings/wk or >5 servings/d) consump-
tion. The odds of elevated blood pressure were consider-
ably lower with the consumption of both low-fat dairy
(odds ratio: 0.79; 95% confidence interval: 0.64—0.98)
and full-fat dairy (odds ratio: 0.84; 95% confidence inter-
val: 0.71-0.99). The odds of elevated blood pressure
were lower by nearly 20% for each daily eating occasion
of dairy products.

Taken together, the data set on the antihypertensive
effects of 3 servings per day of traditional dairy products
in conjunction with a diet high in fruits and vegetables
similar to the DASH diet provides persuasive evidence
for a beneficial role of dairy products in the prevention
of hypertension.

Antihypertensive Peptides from Milk Proteins

It is well recognized that apart from their basic nutri-
tional role as sources of essential amino acids, many
food proteins contain, encrypted within their primary
structure, peptide sequences capable of modulating spe-
cific physiological functions. Milk proteins, both caseins
and whey proteins, are rich sources of bioactive peptides
that have been shown to inhibit the activity of angioten-
sin-I-converting enzyme (ACE), a key regulatory en-
zyme of the renin-angiotensin system that is a primary
modulator of blood pressure as well as fluid and electro-
lyte balance in the body. Angiotensin-I-converting en-
zyme converts the inactive angiotensin I hormone into
angiotensin II, which constricts vascular smooth mus-
cle, thereby increasing blood pressure. Inhibition of

1213

Table 3. Bovine casein-derived peptides displaying hypotensive ef-
fects in spontaneously hypertensive rats

Maximum
decrease
Amino acid in SBP,?
Peptide sequence mmHg
agi-Casein
f(1-9) RPKHPIKH 9.3
f(23-24) FFVAPFPEVFGK 34.0
f(104-109) YKVPQL 13.0
f(146-147) YP 32.1
f(194-199) TTMPLW 14.0
ago-Casein
f(189-192) AMPKPW 5.0
f(190-197) MKPWIQPK 3.0
f(198-202) TKVIP 9.0
(3-Casein
f(59-61) VYP 21.0
f(59-64) VYPFPG 22.0
f(60-68) YPFPGPIPN 7.0
f(74-76) IPP 28.3
(80-90) TPVVVPPFLQP 8.0
(84-86) VPP 32.1
f(140-143) LQSW 2.0
f(169-174) KVLPVP 32.2
f(169-175) KLVPVPQ 31.5
f(177-183) AVPYPQR 10.0

!Adapted from Fitzgerald et al., 2004; used with permission from
the American Society for Nutrition.

2SBP = Systolic blood pressure (mean value).

ACE results in lowering blood pressure and, hence, is
a key clinical target for blood pressure control.

It is well established that treatment of milk proteins
with the gastrointestinal proteases, pepsin, trypsin,
and chymotrypsin, or with bacterial and plant prote-
ases results in the release of ACE inhibitory peptides
(ACE-IP) from casein proteins (casokinins) and whey
proteins (lactokinins). Therefore, hydrolysates of whole
milk protein, caseinates, and whey proteins are good
sources of casokinin and lactokinin ACE-IP. Although
the structure activity relationship for dairy protein-
derived ACE-IP has not been entirely established, it
appears that ACE inhibition is strongly influenced by
the C-terminal tripeptide amino acid sequence and its
positively charged side-chain groups. Many of the po-
tent milk protein-derived ACE-IP contain proline at the
C-terminus. For example, the potent casokinins found
in skim milk fermented with Lactobacillus helveticus
CP790 and Saccharomyces cerevisiae contain the C-ter-
minal amino acid sequences IPP and VPP.

Animal Studies. Numerous studies conducted in
spontaneously hypertensive rat models with various
casokinins and lactokinins have reported SBP reduc-
tions ranging from 2 to 34 mmHg (Tables 3 and 4).
These studies also indicate that the bioactive oligopep-
tides of casokinins and lactokinins are able to survive
gastrointestinal degradation and can pass from the in-
testine to the serum to interact with target ACE recep-
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Table 4. Bovine whey protein-derived peptides displaying hypoten-
sive effects in hypertensive rats!

Maximum
Amino acid decrease in
Peptide sequence SBP,2 mmHg
a-Lactalbumin, f(50-53) YGLF 23
(-Lactoglobulin, f(78-80) IPA 31

Bovine serum albumin, f(221-222) FP 27
(B9-Microglobulin, f(18-20) GKP 26

TAdapted from Fitzgerald et al., 2004; used with permission from
the American Society for Nutrition.

2Systolic blood pressure (mean value).

tors of vascular smooth muscle. The maximum reduc-
tion in SBP in these studies with casein-derived ACE-
IP was 34 mmHg for ag;-casein f(23-34), and the tripep-
tides IPP and VPP were reported to reduce SBP in
spontaneously hypertensive rats by 28 and 32 mmHg
(Table 3). The highest reduction in SBP with whey-
derived lactokinins was 31 mmHg reported with 3-lac-
toglobulin f (78-80). The potent reductions in SBP ob-
served with many whey-derived lactokinins have been
observed with peptide fragments containing 4 or fewer
amino acid residues (Table 4).

Human Studies. A growing number of human stud-
ies have shown significant reductions in blood pressure
with fermented milks and milk-derived peptides from
both casein and whey (Table 5). The blood pressure-
lowering effect in humans was first described in a 1992
report in hypertensive subjects who consumed 20 g/d
of a tryptic hydrolysate of casein for 4 wk resulting in
significant SBP and DBP reductions of —-6.6 and —4.6
mmHg. Other well-controlled studies with fermented
milks in which mildly hypertensive subjects consumed
95 to 150 mL/d of fermented milks containing the potent
VPP and IPP casokinins for 8 or 21 wk resulted in SBP
reductions ranging from —6.7 to —-14.9 mmHg and DBP
reductions ranging from —3.6 to —6.9 mmHg.

Emerging evidence suggests that consumption of
whey protein hydrolysates may result in significant re-
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ductions in blood pressure. In a recent preliminary re-
port of borderline hypertensive subjects who consumed
20 g/d of a whey protein isolate hydrolysate for 6 wk,
significant reductions in SBP and DBP of —11 and —7
mmHg, respectively, were observed compared with a
nonhydrolyzed whey protein isolate control.

The blood pressure-lowering effects of specific hydrol-
ysates of whey and casein proteins or fermented dairy
products provide compelling evidence for a beneficial
role of dairy peptides to induce clinically significant
reductions in SBP and DBP with no reported adverse
effects. Commercial products in the form of fermented
milks and protein hydrolysates are currently in the
marketplace or under development that are aimed at
exploiting the antihypertensive benefits of milk-derived
bioactive peptides. Additional peer-reviewed studies
are needed to provide unequivocal evidence for the inde-
pendent blood pressure-lowering effects of milk protein-
derived bioactive peptides.

WEIGHT CONTROL AND BODY FAT

Starting in the early 1980s, an emerging body of sci-
entific evidence has accumulated from epidemiological,
animal model, and clinical studies suggesting that di-
etary calcium and other potential components provided
from dairy products may contribute to alterations in
metabolic partitioning of dietary energy, resulting in
enhanced reductions in body weight and body fat.

Human Studies

Epidemiologic Studies. To date, numerous obser-
vational studies have identified a strong inverse rela-
tionship between body weight and dietary calcium and
dairy product intake. One of the earliest indications
that dietary calcium and dairy products might affect
body weight was a 1984 analysis of the NHANES I
database that reported a statistically significant in-
verse association between calcium intake and body

Table 5. Hypotensive effects of fermented milks and milk peptides in humans!

Maximum Maximum
decrease decrease
Peptide Duration, in DBP 2 in SBP,?

Sample sequence Dose wk mmHg mmHg
Tryptic casein — 20 g/d 4 4.6 6.6
Calpis VPP/IPP 95 ml/d 8 6.9 14.1
Fermented milk VPP/IPP 150 ml/d 8 8.8 14.9
Fermented milk VPP/IPP 150 ml/d 21 3.6 6.7
C12 FFVAPFEVFGK >0.2 g/kg 4 6.5 4.5
BioZate Whey peptides 20 g/d 6 7 11

TAdapted from Fitzgerald et al., 2004; used with permission from the American Society for Nutrition.
2DBP = Diastolic blood pressure; SBP = systolic blood pressure.
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weight. In a later trial examining the antihypertensive
effect of calcium in obese African-Americans, research-
ers observed that increasing calcium intake from ap-
proximately 400 to 1,000 mg/d by feeding 2 cups of
yogurt/d for 1 yr surprisingly reduced body fat by nearly
11 pounds (4.9 kg) without an accompanying reduction
in caloric intake. Subsequently, other studies in Afri-
can-Americans also showed that high calcium/dairy
food intakes have a beneficial effect on body weight and
body fat.

More recently, a prospective study (CARDIA, 2002)
that tracked more than 3,000 adults aged 18 to 30 yr
for 10 yr showed that the risk of weight gain was 67%
lower in those who consumed the most dairy foods com-
pared with those who consumed the least.

Studies in children and adolescents have shown an
inverse association between calcium/dairy foods and
body fat. In a 3-yr longitudinal study of 53 preschoolers,
children with higher calcium/dairy food intake had
lower body fat at 5.8 yr than children with lower cal-
cium/dairy food intakes. In a follow-up study, these
researchers also showed that in 8-yr-old children, habit-
ual higher intakes of calcium, most of which came from
dairy, were associated with lower body fat.

Nearly all of the epidemiological studies in which the
primary end point was body composition have shown a
beneficial association between calcium, and particu-
larly dairy foods, and lower body weight and body fat.

Clinical Studies. In the first clinical trial directly
investigating the effects of calcium and dairy foods on
body weight and body fat loss, Zemel and coworkers at
the University of Tennessee evaluated 32 obese adult
men and women who were instructed to consume a
nutritionally balanced weight loss diet reduced in calo-
ries by 500 kcal/d for 24 wk and randomized to a control
“low-calcium/dairy” diet (400 to 500 mg of calcium; 0
to 1 serving of dairy foods/d), a “high-calcium” diet
(1,200 to 1,300 mg of calcium; control diet supplemented
with 800 mg of calcium/d), or a “high-dairy” food diet
(1,200 to 1,300 mg of calcium; control diet with 3 to 4
servings of dairy foods/d). As expected, all participants
lost body weight and body fat due to the daily caloric
restriction of 500 kcal/d. Subjects on the low-calcium
control diet lost 6.4% of their body weight (6.6 kg),
which was enhanced to 8.6% (-8.6 kg) in subjects con-
suming a high-calcium diet from calcium supplements
and 11% (-11 kg) in those consuming the high-dairy
food diet (Figure 4). A similar trend was observed for
body fat loss, with the greatest loss occurring in subjects
on the high dairy food diet (Figure 4).

An unexpected finding was a marked change in the
distribution of body fat loss. Subjects on the low-calcium
diet lost 5.3% (-1.4 kg) of their trunk fat. This was
increased to 12.9% (-2.9 kg) on the high-calcium diet

1215

Weight
0 )
S
g
£ 47 14.51b
= T
2 9
z -5
T 101 P<0.01 24.41b
2 L
g 12 P<0.01
-14-
Low High High
Calcium Calcium Dairy
Body Fat
0 )
= 21
X
=
€ -6
2 10.6 1b
i
5 -101
> 124
E o \ ) 158 1b
_16 P<0.01 -
16 - H_/
P<0.01
Low High High
Calcium  Calcium Dairy

Figure 4. Effects of reduced calorie dietary treatments (-500 kcal/
d) on body weight (top panel) and body fat (bottom panel). Changes
in body fat are expressed as a percentage of original body fat. Body
weight and fat loss on each diet is significantly different from that
on the other 2 diets. Adapted from Zemel et al., 2004; reproduced
with permission from NAASO, The Obesity Society.

and 14% (3.7 kg) on the high-dairy diet. These findings
have important implications because abdominal obesity
is a primary risk factor for metabolic syndrome, a rap-
idly emerging clinical condition characterized by cen-
tral obesity, high plasma triglycerides, high blood pres-
sure, low high density lipoprotein-cholesterol, high fast-
ing blood glucose and insulin resistance, and a
precursor to type II diabetes. These data also suggest
that increasing dietary calcium not only augments
weight and fat loss secondary to caloric restriction, but
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also has a more favorable effect on the distribution of
fat loss. Additionally, intake of dairy products had a
substantially greater effect on both fat loss and fat dis-
tribution compared with an equivalent amount of cal-
cium from calcium supplements. In a follow-up study
by Zemel and colleagues, 27 obese subjects consuming
a similar calorie-restricted weight-loss diet high in cal-
cium (1,100 mg/d) provided by 3 servings of yogurt for
12 wk lost significantly more body weight, body fat, and
abdominal fat than subjects consuming an identical diet
low in calcium (400 to 500 mg of calcium/d) and dairy
foods (0 to 1 serving/d). This study also observed sig-
nificantly less loss of lean body mass in subjects on the
higher calcium diet vs. the control diet. Furthermore,
participants consuming the higher calcium diet exhib-
ited a significant increase in plasma glycerol (a surro-
gate measure of lipolysis, i.e., fat breakdown), sug-
gesting an increase in body fat lipolysis, whereas no
significant change in plasma glycerol was observed in
those on the low calcium control diet. In 2 additional
studies, Zemel and colleagues evaluated the effects of
dairy consumption on body fat and body composition
under weight maintenance and weight loss conditions.
In the first trial, 34 obese African-American adults were
maintained on a low calcium (500 mg/d); low dairy (<1
serving/d) or high calcium (1,200 mg of calcium/d); high
dairy (3 servings/d) with no change in energy or macro-
nutrient intake for 24 wk. No significant changes in
body weight were observed between the low and high
dairy groups. However, there was a significant reduc-
tion in total body fat (-2.1 kg), trunk fat (-1.0 kg),
and waist circumference (-3.9 cm) with a corresponding
increase in lean body mass (+1.1 kg) in the high dairy
group, whereas no significant changes were observed
in the low dairy group. The reduction in body fat in the
high dairy group was also accompanied by a significant
increase in circulating glycerol, suggesting an increase
in lipolysis in these subjects. In the second trial, 29
obese African-American adults were randomized to the
low and high dairy diets that were calorie-restricted
(=500 kcal/d) for 24 wk. Although both diets resulted
in significant weight and fat loss, the high dairy diet
caused about a 2-fold greater reduction in weight (11
kg) and fat loss (—9.1 kg) compared with the low calcium/
low dairy diet (-5.9 and —4.0 kg, respectively), and loss
oflean body mass was markedly less (-0.1 kg) compared
with the low dairy diet (-1.99 kg).

Taken together, these data add to a growing body of
clinical and epidemiological reports that support the
notion that dietary calcium and dairy foods may act to
help control excess adiposity. Furthermore, the clinical
observation of increased plasma glycerol is consistent
with previous findings of an antilipolytic effect of 1,25-
dihydroxyvitamin D in human adipocytes and a corres-
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ponding increase in lipolysis in animals fed high-cal-
cium and high-dairy food diets.

Mechanisms of Action for Calcium/Dairy Foods’
Role in Weight Management. In a model of human
obesity, transgenic obese mice overexpressing the
agouti gene specifically in adipocytes demonstrated a
beneficial effect of calcium, and particularly dairy foods,
on body weight and body fat. Obese mice fed a high-
fat/high-sucrose diet low in calcium for 6 wk exhibited
marked increases in adipocyte lipogenesis (fat forma-
tion), decreases in lipolysis, and increases in body
weight and body fat mass. However, high-calcium diets
reduced lipogenesis and stimulated lipolysis, resulting
in reductions in body weight gain and body fat. Dairy
food sources of calcium (nonfat dry milk) had signifi-
cantly greater effects than calcium alone. When obese
mice were fed an energy-restricted diet, dietary calcium
and, to a greater extent, calcium from nonfat dry milk
increased lipolysis, decreased lipogenesis, and acceler-
ated loss of body weight and fat.

In vitro studies in cultured human adipocytes and
in the agouti obese mouse model provide a plausible
mechanism whereby calcium/dairy food intake modu-
lates energy metabolism and obesity risk. Low calcium
diets have been shown to increase the calcium-regulat-
ing hormones, 1,25-dihydroxyvitamin D and parathy-
roid hormone, which in turn increase intracellular cal-
cium concentrations in human adipocytes. Intracellular
calcium plays an important role in regulating both lipo-
genesis and lipolysis in human adipocytes. Increased
intracellular calcium stimulates lipogenic gene expres-
sion and fatty acid synthase, a key enzyme in de novo
lipogenesis. Intracellular calcium also inhibits lipolysis,
resulting in increased fat storage. Conversely, a high
calcium intake has been shown to inhibit production of
1,25-dihydroxyvitamin D thereby decreasing intracel-
lular calcium, which in turn decreased fatty acid syn-
thase activity, increased plasma glycerol, and ulti-
mately decreased the fat content of adipocytes.

An increase in body core temperature observed in
obese mice fed high-calcium diets implied calcium’s
ability to alter energy metabolism from storage to ex-
penditure whereas no increase in caloric expenditure
was observed in obese rats fed a similar high-calcium
diet. Recent data suggest that calcium also increases
thermogenesis in humans. In a retrospective analysis
of previous calcium intake studies, using whole-body,
indirect calorimetry, it was shown that high calcium
intake is positively related with whole-body fat oxida-
tion over a 24-h period.

Another mechanism whereby dietary calcium intake
may reduce body adiposity is by inhibiting fat absorp-
tion from the gastrointestinal tract and increasing fecal
loss of fatty acids and energy through the formation
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and excretion of calcium-fatty acid soaps. Although this
mechanism would appear insufficient to fully explain
the greater weight and fat losses found in the human
studies of high calcium and high dairy food diets, data
from a short-term study examining the effects of a high-
calcium diet (1,800 mg/d) provided mainly from low-fat
dairy products had no effect on 24-h energy expenditure
or fat oxidation, but fecal fat excretion increased 2.5-
fold and fecal energy excretion was significantly in-
creased (1,045 vs. 684 kdJ/d) compared with a low cal-
cium diet (400 mg/d).

Taken together, rapidly emerging evidence from ani-
mal model studies, observational data, and a growing
number of clinical interventions, are supportive of a
significant inverse relationship between the intake of
dairy foods and augmented reductions in body fat in
obese animals and humans under conditions of calo-
ric deficit.

CANCER

Diet is one of several environmental factors actively
being investigated for its role in cancer. An estimated
one-third of all cancers may be related to what we eat.
Research indicates that some nutrients or food compo-
nents, when consumed in excess, may promote cancer
(e.g., alcohol, fat, and calories), whereas others may be
protective against this disease, including many that are
found naturally in dairy foods.

Calcium and Vitamin D. It has been more than
25 yr since Garland and Garland at Johns Hopkins
University first proposed that calcium and vitamin D
may reduce the risk of colon cancer. Since then, many,
but not all, case-control and prospective epidemiological
studies as well as clinical intervention studies have
supported this hypothesis. Calcium and vitamin D in-
take have been shown to be inversely associated with
colon cancer incidence and mortality in epidemiological
studies performed in the United States and other coun-
tries. Humans obtain vitamin D through synthesis in
the body from exposure to sunlight and from vitamin
D-fortified foods such as milk.

Numerous case-control and prospective epidemiologi-
cal studies have observed a protective association for
calcium and vitamin D on colon cancer. In a 1997 case-
control study, Slattery and colleagues reported an in-
verse association between the intake of dietary calcium
(>800 mg/d) from milk and other dairy products and
the risk of colon cancer especially in males and, to a
lesser degree, in females. Since that time, other small
and large case-control studies involving subjects in the
United States, Sweden, Canada, and Australia have
observed a protective effect of higher calcium intakes
against colon cancer. In a large case-control study in
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Los Angeles County, California, an inverse association
was observed between increased intake of dietary cal-
cium and vitamin D and a reduced risk of colon cancer.
Additionally, when specific foods were examined, a pro-
tective effect against colon cancer was observed for yo-
gurt that was independent of its calcium content, sug-
gesting that components in yogurt besides calcium may
be protective. However, no inverse association was ob-
served between increased dietary calcium intake from
fermented or unfermented dairy products and colon
cancer risk in a case-control study from the Neth-
erlands.

Clinical studies also support a protective role for cal-
cium or dairy foods against colon cancer. In a random-
ized, single-blind, controlled study of 70 patients with
a history of developing polyps or noncancerous growths
in the colon, Holt and coworkers at St. Luke’s/Roosevelt
Hospital (New York, NY) showed that increasing the
intake of calcium from about 600 to 1,500 mg/d from
food sources, specifically dairy foods such as low-fat
milk, reduced the risk for colon cancer. At 6 and 12 mo,
positive changes were observed, including a reduction
in colonic epithelial cell proliferation and a restoration
of normal cell differentiation-associated properties. In
a follow-up study that compared the effects of calcium
supplements (900 mg/d) with an equal amount of cal-
cium from low-fat dairy foods in 40 adults at risk for
colon cancer, Holt and coworkers reported that both
supplemental calcium and dairy foods reduced epithe-
lial cell proliferation indexes from a high to a lower
risk pattern. In a randomized case-control study of 930
adults with a recent history of colorectal adenomas,
Baron and coworkers at Dartmouth Medical School
found that increasing calcium intake by 1,200 mg/d
from calcium carbonate reduced the incidence of recur-
rent adenomatous polyps by 19% and the total number
of tumors by 24% in less than 1 yr.

Many, but not all, prospective epidemiological studies
of large groups of individuals over time have supported
a beneficial effect of dietary calcium and vitamin D on
reducing colon cancer risk.

Wu and colleagues at the Harvard School of Public
Health reported results from 2 large-scale prospective
studies in the United States: the Nurses’ Health Study
involving nearly 88,000 women, and the Health Profes-
sionals Follow-Up Study involving more than 47,000
men showing that higher calcium intake was associated
with a significant reduction in the risk of distal colon
cancer but not proximal colon cancer. Specifically, com-
pared with subjects with low calcium intake (<500 mg/
d), those with intakes >700 mg/d from food sources (e.g.,
dairy foods) or from calcium supplements had a signifi-
cantly lower risk of distal colon cancer. In the United
States, about two-thirds of all colon cancer cases occur
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in the distal colon. These authors concluded that: “Con-
sidering the public health importance of colon cancer,
even a modest protective effect of higher calcium intake
on colon cancer could result in the prevention of a large
number of colon cancer cases”. In a follow-up study by
Cho and coworkers, an examination of the associations
between the consumption of dairy foods and calcium
and colorectal cancer risk in a pooled analysis of 10
of the largest prospective epidemiological studies from
North America and Europe found that increased con-
sumption of milk and calcium were related to a lower
risk of colorectal cancer. They concluded that the data,
in combination with previous studies documenting a
beneficial effect of calcium supplementation on colonic
epithelial cell turnover and colorectal adenoma recur-
rence, support the concept that moderate milk and cal-
cium intake reduces the risk of colorectal cancer.

In further analysis of data from observational studies
and randomized controlled trials, McCarron and
Heaney from the University of California—Davis and
Creighton University estimated that consuming 3 to 4
servings of dairy foods per day may reduce the risk of
colorectal cancer by 5% annually after 3 yr, resulting
in healthcare cost savings of $1 billion over 5 yr.

Conjugated Linoleic Acid. Conjugated linoleic acid
(CLA) is a collective term used to describe one or more
of the C18 dienoic positional and geometric fatty acid
isomers of the essential fatty acid, linoleic acid (18:2,
n-6). In 1979, Pariza and coworkers at the University
of Wisconsin discovered that a substance extracted from
cooked beef inhibited mutagenesis. They later reported
that the “substance” consisted of a mixture of C18 conju-
gated diene cis and trans geometric isomers of linoleic
acid, which they termed conjugated linoleic acid. Dairy
products and ruminant meats contribute the primary
source of naturally occurring CLA in the human diet.
Dairy products account for approximately 75% of the
estimated 100 to 300 mg of CLA consumed per day.
Milk fat contains numerous cis, trans, and trans,cis
isomers of CLA at positions A7,9; A8,10; A9,11; A10,12;
A11,13; and A12,14 of the 18-carbon fatty acid chain
and these account for approximately 0.7% of milk fat.
The cis-9,trans-11 CLA isomer, however, is the predom-
inant CLA isomer accounting for about 75 to 90% of
the total CLA in milk fat, whereas the major isomers
in synthetic preparations of CLA from vegetable oil
sources are mixtures of cis-9,trans-11 and trans-10,cis-
12 isomers. Although CLA is produced as a biohydro-
genation intermediate in the rumen, studies by Bau-
man and colleagues have reported that endogenous syn-
thesis of CLA in the mammary gland accounts for the
majority of the cis-9,trans-11 CLA present in milk fat
with about 70 to over 90% derived from the conversion
of vaccenic acid (18:1,trans-11), a rumen biohydrogena-
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tion intermediate, by A%desaturase. Based on clinical
studies indicating that humans can also convert vac-
cenic acid to CLA, it has been suggested that the dietary
intake of CLA should be multiplied by 1.4 to attain a
more accurate estimate of the “effective CLA” derived
from ruminant meat and dairy products.

Unlike linoleic acid, which has been shown to stimu-
late carcinogenesis in animal models, CLA has been
shown to protect against carcinogenesis in vitro in a
wide range of human cancer cell lines and in vivo in a
number of animal models of chemically induced skin
papillomas, forestomach neoplasias, and preneoplastic
lesions and tumors of the colon and mammary gland.
The consistency of the data set on the anticarcingenic
properties of CLA prompted a National Academy of
Sciences report on natural anticarcinogens to point out
that: “CLA is the only fatty acid shown unequivocally
to inhibit carcinogenesis in experimental animals” (Na-
tional Research Council, 1996). Additionally, research
findings suggest that CLA may have other potential
health benefits including inhibition and regression of
atherosclerosis, changes in body fat metabolism and
partitioning, antidiabetic effects, and enhancement of
bone growth.

The anticarcinogenic activities of CLA are notewor-
thy based on studies conducted by Ip and coworkers at
the Roswell Park Cancer Institute (Buffalo, NY) using
a chemically induced rat model of mammary carcino-
genesis. Importantly, these studies demonstrated that
the inhibitory effect of a mixed isomer preparation of
CLA @.e., ~1:1 cis-9,trans-11 and trans-10,cis-12 plus
low levels of other isomers) on mammary carcinogenesis
resulted in a dose-dependent reduction in the incidence
and number of tumors with dietary levels as low as
0.05% (wt/wt) and maximally effective at 1%. Further-
more, the effects of CLA are independent of the type
and level of fat in the diet and are observed when fed
as either a free fatty acid or triglyceride. Other studies
have demonstrated that both isomers of CLA (.e., cis-
9,trans-11 CLA and ¢rans-10,cis-12 CLA) appear to be
equally effective in inhibiting tumors in the rat mam-
mary gland. These researchers also demonstrated that
feeding CLA to rats early in life (prepubertal period)
provided protection against tumor development later
in life after administration of the carcinogen. On the
other hand, if CLA feeding was withheld until after
mature development of the mammary gland, the opti-
mal anticarcinogenic effects were observed only when
CLA was fed continuously after administration of the
carcinogen. These data, along with the observation that
CLA is preferentially incorporated into mammary adi-
pocyte triglycerides, suggested that mammary adipo-
cyte triglycerides might act as a local reservoir for CLA
that can provide anticarcinogenic effects later in life.
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Importantly, unlike a number of species in which di-
etary trans-10,cis-12 CLA can reduce body fat depots,
CLA does not have an effect on the size or lipid levels
of rat fat pads, thus indicating that CLA feeding results
not only in a percentage increase in mammary gland
lipid CLA but also in an absolute increase in CLA levels
in the rat mammary gland.

The biological mechanism by which CLA exerts its
anticarcinogenic effects in mammary tissue is an active
area of research, and the reader is referred to an excel-
lent review by Ip and colleagues for a more thorough
coverage of potential mechanisms. Briefly, studies indi-
cate that CLA may inhibit mammary carcinogenesis by
targeting normal or initiated epithelial cells within the
anatomical structures of the mammary epithelium in-
cluding ducts, alveoli, and terminal end buds, or in
transformed epithelial cells resulting in an inhibition of
cell growth, alterations in differentiation, or induction
of cell death. Conjugated linoleic acids may influence
these effects directly by delivery through the blood, or
indirectly from mammary adipocytes by conversion of
vaccenic acid to CLA and release of CLA to the sur-
rounding mammary epithelial tissue.

In general, most studies on the anticarcinogenic ef-
fects of CLA have been conducted using synthetic prep-
arations of CLA from vegetable oil sources consisting of
a mixture of c¢is-9,trans-11 and trans-10,cis-12 isomers.
Recently, researchers from Roswell Park Cancer Insti-
tute in collaboration with Cornell University have eval-
uated the effects of butterfat naturally enhanced in
CLA on the inhibition of rat mammary carcinogenesis.
In dairy cows fed a standard commercial diet supple-
mented with vegetable and fish oils, cis-9, trans-11 CLA
content was enhanced 7-fold over control butter (3.76
vs. 0.51 g/100 g of fatty acids) and constituted over 90%
of the total CLA isomers. Additionally, the precursor
of CLA, vaccenic acid (VA), was increased over 12-fold
(16.28 vs. 1.3 g/100 g of fatty acids). Results of initial
studies demonstrated that the CLA-enriched butterfat
effectively inhibited rat mammary carcinogenesis in a
dose-dependent manner and was just as effective as
synthetic cis-9,trans-11 CLA. Unexpectedly, more CLA
accumulated in the mammary fat pad of rats fed the
CLA-enriched butter than in rats fed synthetic cis-
9,trans-11 suggesting, as discussed previously, that the
VA present in the butterfat might be converted endoge-
nously to CLA, thus providing an additive anticarcino-
genic effect. In subsequent studies, it was established
that VA is anticarcinogenic and resulted in a dose-de-
pendent increase in mammary fat CLA and a parallel
decrease in mammary tumorigenesis whether VA was
supplied in a synthetic form or naturally from VA- and
CLA-enriched butterfat. Furthermore, feeding studies
using inhibitors of A°-desaturase demonstrated that
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the anticarcinogenic effect of VA and the corresponding
increase in tissue levels of CLA could be markedly at-
tenuated. Thus, these data show that the anticarcino-
genic effects of VA are predominantly mediated through
its conversion to cis-9,trans-11 CLA via A%-desaturase.
Taken together, these animal model studies strongly
indicate that CLA is a promising candidate as a dietary
component for the prevention of some cancers, espe-
cially breast cancer.

Although the amount of cis-9,trans-11 CLA necessary
to provide a protective effect in humans is not known,
extrapolations based on body weight from the effective
doses of CLA used to reduce chemically induced tumors
in rats, as well as considerations of metabolic rate dif-
ferences between rodents and humans has prompted
some researchers to estimate that 700 to 800 mg/d of
CLA may be required for humans. Based on the esti-
mated intake of CLA, which ranges from 100 to 300
mg/d, and the conversion rate of VA to CLA in humans
(estimated to be about 20%), it has been suggested that
the CLA intake from ruminant foods should be
multiplied by 1.4 to more closely estimate the “effective”
CLA intake. Using this approach, the actual “effective”
CLA intake may be closer to 140 to 420 mg/d. Although
this amount is still 2 to 5 times lower than the estimated
intake that may provide protective effects, it is clear
that these levels could be achieved with dairy products
containing CLA- and VA-enhanced milk fat.

CONCLUSIONS

Milk and dairy foods are the major source of calcium
in the US diet, providing over 70% of the calcium avail-
able in the food supply. In addition, dairy foods provide
substantial amounts of other essential nutrients includ-
ing potassium, phosphorus, riboflavin, vitamin B, pro-
tein, zinc, magnesium, and vitamin A. Evidence from
clinical and epidemiological studies published since
1975 indicates that consuming adequate amounts of
calcium or calcium-rich foods such as milk and other
dairy foods throughout life helps to optimize peak bone
mass development by age 30 or earlier, slow age-related
bone loss, and reduce the risk of osteoporotic fracture
in later adult years. This point is reinforced in the new
2005 Dietary Guidelines for Americans and in the 2004
Surgeon General’s Report on Bone Health and Osteopo-
rosis, which recommends 3 servings of milk products
per day, and suggests that milk product consumption
may have additional health attributes beyond bone
health.

A considerable database of observational and clinical
trials exists regarding the beneficial effects of dairy food
consumption on blood pressure and the reduced risk of
hypertension. Prospective and cross-sectional observa-
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tional studies indicate that dairy food consumption is
associated with lower prevalence as well as lower risk
of developing hypertension. The results of randomized
controlled clinical trials suggest that the consumption
of recommended levels of dairy products can contribute
to lower systolic and diastolic blood pressure in individ-
uals with normal and elevated blood pressure. The
blood pressure-lowering effect of dairy foods is best ex-
emplified by the DASH clinical trial. This study demon-
strated that a low-fat dietary pattern containing low-
fat dairy products (~3 servings/d) and high in fruits and
vegetables (8 to 9 servings/d) produced greater reduc-
tions in systolic and diastolic blood pressure than either
a diet high in only fruits and vegetables or the control
diet (a typical American diet).

Recent reports from animal, epidemiological, and
clinical studies have provided strong support for a bene-
ficial effect of increased dairy foods on body weight and
fat loss. Animal studies have demonstrated an im-
portant role of increased dairy on decreasing body
weight and body fat during over consumption and dur-
ing energy restriction. Most observational data and
clinical trial results indicate a statistically significant
inverse relationship between dairy intake/calcium in-
take and body weight and body fat loss. Recent clinical
studies have also demonstrated that body weight and
body fat loss occurs when adequate calcium is provided
by supplements and that this effect is augmented fur-
ther by an equivalent amount of calcium supplied from
dairy foods, indicating that additional nutrients from
dairy foods are playing a role.

Several case-control and prospective epidemiological
studies and one intervention study support a beneficial
role for calcium against colon cancer. In individuals at
risk for colon cancer, hyperproliferation of colon epithe-
lium is reduced toward normal by increased dietary
calcium. In a pooled analysis of 10 prospective epidemi-
ological studies, it was found that increased consump-
tion of milk and calcium were associated with a lower
risk of colorectal cancer. Based on the evidence to date,
consumption of recommended intakes for calcium and
vitamin D, especially from dairy foods that are major
sources of these nutrients in the US diet, appears to be
a prudent measure to reduce the risk of colon cancer.
Conjugated linoleic acid and vaccenic acids are fatty
acids found naturally in dairy products and ruminant
meats that may confer anticarcinogenic and antiathero-
genic benefits. Although the protective effects of CLA
on breast cancer are compelling, human applications
must be approached with extreme caution until human
data are accumulated on safety and efficacy. Human
prevention trials of breast cancer present substantial
challenges due to the chronic nature of breast cancer as
an end point and the prohibitive costs of these studies.
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Rather, there is a critical need to determine intermedi-
ate biomarkers of CLA efficacy that effectively predict
cancer outcomes and could be tested in women at high
risk for breast cancer.
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