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The International Dairy Federation (IDF) is a coalition of
milk producers and processors from around the world. Its
members are concerned with issues that vary from cow comfort
to dairy science and technology to, of course, the nutritional
value of dairy foods. Nutritionists who specialize in the role of
milk in the diet make up one of IDF’s standing committees—
the Standing Committee on Nutrition and Health—and have
been instrumental in bringing together the papers presented in
this supplement.

Many mainstream health and nutrition organizations world-
wide recommend daily consumption of dairy products for op-
timal health. Nevertheless, the last decade or so has seen an
increase in the number and variety of claims made against the
inclusion of milk and/or its products in the diet. A single
supplement cannot address all such matters, but the purpose of
this supplement is to address in a scientific and objective
manner the validity of some of these concerns. Specialists in
several key areas of dairy and health were invited to submit

manuscripts for publication in this supplement so that health
professionals, and other interested parties, would have a com-
prehensive overview to which to refer when confronted with
conflicting viewpoints.

As the year 2005 draws to a close, the International Dairy
Federation’s Standing Committee on Nutrition and Health is
pleased to bring to light the views of some of the world’s top
nutrition scientists on this food that has served mankind for
over 10,000 years. To have people question its consumption on
the basis of flawed and faulty science is to no one’s benefit
. . . neither does it serve to have unwarranted claims dissemi-
nated. Milk is not a one-nutrient food, nor is its impact re-
stricted to one condition such as osteoporosis. Its many bioac-
tive components are only just beginning to be defined and
explained, and it is hoped that this supplement will support, in
a meaningful and practical way, a greater understanding of its
contribution to the human condition.
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Nutrition plays a major role in the development and maintenance of bone structures resistant to usual

mechanical loadings. In addition to calcium in the presence of an adequate vitamin D supply, proteins represent

a key nutrient for bone health, and thereby in the prevention of osteoporosis. In sharp opposition to experimental

and clinical evidence, it has been alleged that proteins, particularly those from animal sources, might be

deleterious for bone health by inducing chronic metabolic acidosis which in turn would be responsible for

increased calciuria and accelerated mineral dissolution. This claim is based on an hypothesis that artificially

assembles various notions, including in vitro observations on the physical-chemical property of apatite crystal,

short term human studies on the calciuric response to increased protein intakes, as well as retrospective

inter-ethnic comparisons on the prevalence of hip fractures. The main purpose of this review is to analyze the

evidence that refutes a relation of causality between the elements of this putative patho-physiological “cascade”

that purports that animal proteins are causally associated with an increased incidence of osteoporotic fractures.

In contrast, many experimental and clinical published data concur to indicate that low protein intake negatively

affects bone health. Thus, selective deficiency in dietary proteins causes marked deterioration in bone mass,

micro architecture and strength, the hallmark of osteoporosis. In the elderly, low protein intakes are often

observed in patients with hip fracture. In these patients intervention study after orthopedic management

demonstrates that protein supplementation as given in the form of casein, attenuates post-fracture bone loss,

increases muscles strength, reduces medical complications and hospital stay. In agreement with both experi-

mental and clinical intervention studies, large prospective epidemiologic observations indicate that relatively

high protein intakes, including those from animal sources are associated with increased bone mineral mass and

reduced incidence of osteoporotic fractures. As to the increased calciuria that can be observed in response to an

augmentation in either animal or vegetal proteins it can be explained by a stimulation of the intestinal calcium

absorption. Dietary proteins also enhance IGF-1, a factor that exerts positive activity on skeletal development

and bone formation. Consequently, dietary proteins are as essential as calcium and vitamin D for bone health and

osteoporosis prevention. Furthermore, there is no consistent evidence for superiority of vegetal over animal

proteins on calcium metabolism, bone loss prevention and risk reduction of fragility fractures.

Key teaching points:

• Nutrition plays a major role in the development and maintenance of bone structures resistant to usual mechanical loadings.

• In addition to calcium in the presence of an adequate vitamin D supply, proteins represent a key nutrient for bone health, and

thereby in the prevention of osteoporosis.

• Experimentally selective deficiency in dietary proteins causes marked deterioration in bone mass, micro-architecture and strength,

the hallmark of the osteoporosis disease.

• Clinically large prospective epidemiologic studies indicate that relatively high protein intake is associated with increased bone

mineral mass and reduced incidence of osteoporotic fracture.

• Low protein intake is often observed in patients with hip fracture and intervention study demonstrates that following orthopedic

management, protein supplementation attenuates post-fracture bone loss, increases muscles strength, reduces medical complica-

tions and hospital stay.

• There is no consistent evidence for superiority of vegetal over animal proteins on calcium metabolism, bone loss prevention and

risk reduction of fragility fractures.
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INTRODUCTION

Nutrition plays a major role in the development and main-
tenance of bone structures resistant to usual mechanical load-
ings. In addition to dietary calcium, and an adequate vitamin D
supply, dietary protein represents a key nutrient for bone
health. Well controlled experiments demonstrate that a selec-
tive deficiency in dietary proteins, i.e. without any associated
insufficiency in other macronutrients, total energy, calcium and
vitamin D, causes a rapid and marked alteration in bone mass,
microarchitecture and strength. These alterations are the hall-
mark of the disease osteoporosis. Despite this, it is still repeat-
edly claimed that dietary proteins, particularly those from an-
imal sources, can be a risk factor for osteoporosis. This claim
is based on one hypothesis that artificially assembles various
notions, including in vitro observations on the physico-chem-
ical property of apatite crystal, short term human studies on the
calciuric response to protein intake, as well as retrospective
inter-ethnic comparisons on the prevalence of hip fractures.
According to this questionable theory, it is alleged that the
consumption of animal proteins would result in a substantial
metabolic acid load which in turn would cause the dissolution
of bone mineral. This hypothetical connection would explain
the increased calciuria, as observed in short term studies testing
the effect of high protein intakes on the calcium economy. In
turn, it is purported that the hypercalciuria would result in an
accelerated loss of bone mineral mass, thereby increasing (in
the long term) the risk of osteoporotic fracture in a population
consuming a relatively high amount of animal proteins, includ-
ing those from dairy sources.

The main purpose of this review is to analyse the evidence
that refutes a relation of causality between the elements of this
putative pathophysiological “cascade”, that purports that ani-
mal proteins are causally associated with an increased inci-
dence of osteoporotic fractures.

CLAIM 1. DIETARY PROTEINS
WOULD INDUCE SYSTEMIC
ACIDOSIS AND THEREBY WOULD
PROMOTE BONE MINERAL
DISSOLUTION

This hypothesis was first built up by analogy to a well
established physico-chemical phenomenon indicating that in
vitro the solubility of calcium phosphate salt including hy-
droxyapatite (3Ca3(PO4)2(OH)2), which is the most common
crystal form found in bone, increases when the environmental
pH falls [1]. Based on experiments in rats made severely

acidotic by chronic NH4Cl loading, the observed decrease in
skeletal mass was ascribed to the physical-chemical release of
alkali from bone mineral [2]. This physico-chemical theory was
then applied to the pathophysiology of acidosis-induced os-
teodystrophy [3, 4] and osteoporosis [5]. Eventually, it pro-
vided putative mechanistic support to the hypothesis contend-
ing that a high protein diet would negatively affect bone
integrity [6]. Thus, this physico-chemical theory considered
bone mineral as a vast ion-exchange system that would be in
direct contact with the systemic extracellular fluid [5]. This
theory did not take into account some fundamental concepts
concerning the physico-chemistry of bone mineral.

It should be re-emphasized that bone mineral is not in direct
contact with the systemic circulation [1]. A very tight cellular
barrier separates the systemic extracellular fluid from the in-
ternal bone mineral compartment. As demonstrated by William
and Margaret Neuman in their classical reference book on the
chemical dynamics of bone mineral: “The interstitial fluid of
bone cannot be equivalent to the extracellular fluid in ionic
composition” [1]. Assuming that the release of bone mineral
alkali does occur in acidotic conditions, it could not occur
without an alteration in cellular mediated bone turnover. In fact
animal studies indicated the possible involvement of oste-
oclasts in the increased resorption observed in severe metabolic
acidosis [7]. In vitro experiments with rat osteoclasts sustained
this notion [8]. Further in vitro studies with various osteoclast-
like cells cultured on ivory discs indicated that pH variations of
the extracellular medium from 7.4 to as low as 6.8 increased
cellular resorbing activity, as assessed by monitoring the num-
ber of resorption pits formed [9]. This marked decrease in pH
corresponds to a four-fold increase in H� concentration from
about 40 to 160 nMoles/Liter [10]. These in vitro observations
help us to understand osteoclast and osteoblast responses to
severe acidotic conditions [8, 9, 11, 12]. However, they cannot
be extrapolated to the physiological situation prevailing under
relatively high protein intake, where there is no evidence that
bone buffer release, even in very small amounts, would take
place. Indeed, the hypothesis implying that dietary protein-
induced bone loss through release of alkali components of
hydroxyapatite crystal - whether by a direct physicochemical
action or indirectly through the activation of osteoclastic re-
sorption - does not take into account the very high extra-
skeletal capacity of an array of biochemical and physiological
functions that are involved in the maintainance of the proton
concentration in the body fluid compartments [13–15].

The hydrogen ion concentration of the extracellular fluid is
closely regulated. The vast majority of hydrogen ions, as gen-
erated by cellular metabolism, are bound (buffered) by other
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ions in the extra- and intracellular compartments. The metabol-
ically produced carbon dioxide is the main source of hydrogen
ions. It is eliminated by the lungs as rapidly as it is produced by
the tissues. The kidney ultimately eliminates excess hydrogen
ions, but it is buffering which minimizes changes in hydrogen
ion concentration in the extra- and intracellular fluid compart-
ments. In the absence of renal failure, the capacity of the kidney
to modify hydrogen ion excretion is very high. The renal tubule
adequately responds to large variations in the ingestion of acid
yielding organic nutrients, as well as to marked fluctuations in
the metabolic production of hydrogen ions. Therefore, in
healthy conditions the blood pH is tightly maintained within
extremely narrow limits, as a result of the very efficient chem-
ical buffering capacity of the body fluid compartements and the
function of both the lungs and kidney in eliminating carbon
dioxide and hydrogen ions. Consequently, an increased animal
protein intake with its associated load in sulfur-containing
amino acids would not lead to such a metabolic acidosis that
would require the mobilisation of proton buffer equivalents,
carbonate and/or phosphate ions, from the mineralized phase of
bony tissue.

Potent inhibition of bone resorption with pharmacological
agents such as bisphosphonates does not impair the extrarenal
buffering capacity in response to acid loading, unless renal
function is abolished [16]. Even in chronic metabolic acidosis,
which imposes a higher buffer demand than would a high
protein diet, the irrelevance of bone buffering has been well
argued, in both qualitative and quantitative terms [14,15]. The-
oretically, an increased bone crystal dissolution might contrib-
ute to neutralize the increment in acid production resulting
from high protein diet by both liberating alkali and changing
phosphate ion from the trivalent state (PO4

�3) present in bone
crystal to a mixture of divalent and monovalent (HPO4

�2/
HPO4

�1) ions [1]. If this response were substantial, one would
expect that at similar protein intake, differences in bone resorp-
tion rate would result in detectable variations in blood pH and
urinary acid excretion. None of the long term and large scale
clinical trials carried out in postmenopausal women investigat-
ing the effect of bisphosphonates, the most potent inhibitors of
bone resorption so far tested, have reported differences in
acid-base balance between and the placebo groups [17, 18].
This absence of evidence for a link between bone resorption
rate and acid-base balance in human studies is in agreement
with experimental investigations mentioned above [16].

The kidney, together with the respiratory system, is the
pivotal player in the regulation of the extracellular hydrogen
ion concentration. Thus, the difference in renal acid excretion
observed in response to variations in protein intake represents
a normal homeostatic response. This homeostatic response
contributes to the observed maintenance in blood pH in the face
of increases in dietary protein intake [19]. Of note, in young
healthy adult females, omnivores had a slightly but not signif-
icantly higher blood pH than age-matched vegetarians with a
lower protein intake [20]. The slightly greater urinary titrable

acid output found in the omnivores as compared to the vege-
tarian group [20], further documents the key role of the kidney
in the regulation of acid-base balance in response to variations
in nutrient intakes. The renal tubule is extraordinarily well
equipped in terms of both bicarbonate reclamation and proton
secretion machinery to deal adequately with diets supplying
various amounts of alkali and acid [13–15].

Bicarbonate, Potassium, Calcium and Bone
Metabolism

An indirect argument put forward in favor of the acid-
induced bone dissolution that a protein rich diet might cause, is
the reduction in urinary calcium excretion observed under
potassium bicarbonate (KHCO3) administration [21, 22]. In
postmenopausal women the decreased calciuria associated with
short term (18 days) of KHCO3 ingestion was ascribed to an
inhibition of bone resorption, evidenced by a 10 percent de-
crease in urinary hydroxyproline excretion [21]. However, the
reported study design did not include the measurement of
intestinal calcium absorption, so that the actual effect of
KHCO3 on calcium balance remained uncertain [21]. Likewise,
this key physiological variable in the calcium economy was not
assessed in a recent long term (36 months) study that tested the
same kind of intervention in postmenopausal women [23]. In
this latter study, no information was provided as to the possible
effects on bone mineral density (BMD) or content (BMC) of
KHCO3 administered at three dose levels versus placebo in
postmenopausal women during 36 months [23]. Initially, and
taking into account the acid theory of bone mineral dissolution,
the hypocalciuric influence of potassium bicarbonate was as-
cribed to its alkalinization effect that would counter the “ordi-
nary diet”-related endogenous hydrogen ion production [21].
Nevertheless, this interpretation was not in keeping with the
observation that potassium but not sodium bicarbonate reduces
urinary calcium excretion in healthy men [24]. Hence, the
alternative hypothesis implying potassium per se as the ion
responsible for the hypocalciuric effect of KHCO3, through a
putative effect on either renal calcium reabsorption or bone
mineral dissolution, or both. This apparent beneficial effect of
potassium on the calcium economy was taken as one possible
mechanistic explanation, along with the estimated reduction in
net endogenous acid production, of the positive association
found between consumption of fruit and vegetable rich diets
and bone mineral density [25, 26]. Note that besides fruits and
vegetables, milk and meat also contribute important amounts of
potassium to the diet. One liter of milk and 400 g of beef meat
each contain about 1400 mg of potassium; this amount is found
in approximatively 500 g of fruits and vegetables.

An important caveat regarding the putative positive influ-
ence of potassium per se on the calcium economy comes from
a recent study in a cohort of about 650 pre- and postmenopausal
women with a mean age of 50.2 years [27]. The main findings
indicated that dietary K was negatively associated, not only
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with urinary calcium, but also with intestinal calcium absorp-
tion [27]. Thus, potassium did not exert any beneficial effect on
calcium balance since the reduced calciuria was offset by the
reduction in intestinal calcium absorption [27]. The role, if any,
of potassium per se in the calcium economy and bone health is
still more difficult to delineate by considering its relation with
acid-base balance in classical pathophysiological situations.
Indeed, a potassium deficit generates alkalosis, whereas its
excess causes acidosis [10]. Finally, there is no robust evidence
supporting the notion that any positive effect of fruits and
vegetables on bone health [25, 28, 29] would be mediated by
their alkalinizing power and/or their potassium content. There
is, rather, negative evidence, since experimental inhibition of
bone resorption in vivo as achieved with various vegetable
extracts is independent of their base excess and/or potassium
content [30]. Therefore, the nutrient(s) that may be associated
with a beneficial effect of fruits and vegetables on bone health,
remain(s) to be identified.

CLAIM 2. ANIMAL PROTEINS
WOULD GENERATE MORE ACID
AND BE MORE CALCIURIC THAN
VEGETAL PROTEINS

This claim implies that vegetal proteins might be bone
protective whereas animal proteins would be harmful for the
acquisition and the maintenance of the bone mineral mass.
Purportedly, the higher content of sulfur-containing amino ac-
ids in animal proteins would lead to increased urinary excretion
of calcium and, in the long run, to exacerbation of age-related
bone loss.

It should be noted that an increased calciuria does not
necessarily equate to a calcium “loss” that would be associated
with a negative calcium balance. At steady state it only means
that the net input of calcium into the extracellular compartment
from either the intestine or bone, or from both sources, is
increased. The renal tubular reabsorption of calcium is the key
flux in the regulation of the extracellular concentration of
calcium [31]. Physiological studies indicate that this regulation
takes place mainly in the distal nephron. The main hormonal
modulator is parathyroid hormone (PTH) which stimulates the
calcium reabsorptive flux [32]. Other influencing factors rele-
vant to this discussion are sulfate anions and the degree of
acidification. Increased intraluminal concentration along the
distal tubule of sulfate anions or hydrogen ions tend to decrease
the tubular reabsorption of calcium [33, 34]. In sheep, feeding
a high mineral content diet containing calcium sulfate as com-
pared to calcium carbonate increased at steady state the urinary
excretion of calcium without altering the intestinal calcium
absorption [35]. At the skeletal level this response was associ-
ated with a greater decline in calcium deposition into bone than

calcium release from bone [35]. More recent data obtained in
healthy young women indicated that a supplement of calcium
provided by a sulphate-rich mineral water was associated with
a greater urinary calcium excretion than an equivalent amount
of calcium supplied by milk [36]. This result corroborates the
negative influence of sulfate on the calcium economy as men-
tioned above. As a complementary but not exclusive interpre-
tation of this study [36], it may also suggest that milk proteins
with their sulfur content are less calciuric than sulfate salt
contained in mineral water.

Without any scientific evidence it has been often assumed,
if not strongly contended, that the sulfur content of animal
proteins is greater than that of vegetal proteins. Hence the
production of sulfuric acid from the metabolism of sulfur-
containing amino acids would be greater with the consumption
of animal proteins. This argument does not hold when consid-
ering straightforward chemical analysis of the sulfur content of
different proteins. Thus, in milk proteins the sulfur content is
only half that determined in most cereal proteins [37]. The
potential acid as sulfate in sulfur-containing amino acids was
calculated [38] from the amino acid composition of various
vegetal and animal proteins [39]. It was found to be 82, 69, and
68 mEq/100g protein for oatmeal, whole wheat and white rice,
respectively; whereas it was 73, 59 and 55 mEq/100g protein in
pork meat, beef meat and milk, respectively [38]. From these
data, it can be predicted that the effect of purified proteins on
urinary acid and calcium excretion will not be less when
isolated from vegetable as compared to animal foods. In agree-
ment with this notion is the finding that a diet containing equal
amounts of plant as compared to beef proteins was not associ-
ated with a lower urinary excretion of calcium [40]. A very
recent controlled feeding study in postmenopausal women in-
dicates that substitution of soy for meat protein did not reduce
urinary calcium excretion [41]. This substition neither im-
proved calcium retention, nor modified blood biochemical
markers of bone remodeling [41]. Of note, no correlation was
detected between urinary acid and calcium excretion [41]. As
discussed later, changes in the rate of intestinal calcium ab-
sorption appears to be a much stronger determinant of urine
calcium excretion than other bone or renal tubular fluxes in
response to variations in the protein intake, whether provided
from plant or animal food sources.

It is also noteworthy that sulfur-containing amino acids are
required in the synthesis of glutathione, and thereby in the
capability to confer peroxidative protection, and withstand
stresses and environmental challenges such as infections, mal-
nutrition, heart disease or cancer [42–45]. Therefore, the neg-
ative view regarding sulfur-containing amino acids is not only
unjustified in relation to the calcium economy and bone me-
tabolism (see below), but also when taking into account their
essential positive function in both general health and several
pathological conditions.

Dietary Protein: An Essential Nutrient For Bone Health

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 529S



CLAIM 3. THE DIETARY PROTEIN-
INDUCED INCREASE IN URINARY
CALCIUM EXCRETION WOULD BE
DUE TO ENHANCED BONE
RESORPTION

The widespread notion that a high protein diet might be
harmful for bone health was chiefly based on the hypothesis
that the associated increase in calciuria would be the result of
an enhanced bone calcium mobilization [46, 47]. Several years
later, it was realized that the main source of the increased
calciuria was the intestine [48]. Indeed, in young women a
relatively low protein intake (0.7 vs 2.1 g/kg b.w.) led to a
reduction in intestinal calcium absorption that was associated
with an increase in the circulating level of PTH [48, 49].
Therefore, the initial interpretation suggesting that the in-
creased calciuria under a high protein diet reflected bone loss
[47] was revisited. This reassessment led to the opposite con-
clusion: low, rather than high, protein intake is detrimental for
bone health [50, 51]. Note that early literature, which remains
relevant today, indicated that amino acids such as arginine and
lysine are potent stimulators of intestinal calcium absorption
[52]. In two recent studies, one in postmenopausal women aged
50–75 years [53] and the other in healthy men and women aged
50 years and over [54], the effect on calcium and bone metab-
olism of increasing the protein intakes by varying meat con-
sumption from 0.94 to 1.62 and from 0.78 to 1.55 g/kg per day,
respectively, was assessed after 5 to 9 weeks. The results of
these two trials were very consistent indicating that high pro-
tein intakes were associated neither with an increased calciuria,
nor with a decrease in calcium retention [53, 54]. Furthermore,
the initially higher renal acid excretion in subjects consuming
the high as compared to the low protein diet declined signifi-
cantly with time [53]. Biochemical indicators of bone metab-
olism were not affected in one study [53], whereas a significant
reduction in the urinary exretion of N-telopeptide, a marker of
bone resorption, was observed in the other trial [54]. An ele-
vation in the circulating level of the bone growth factor IGF-1
was observed [54]. This finding was in keeping with several
human studies indicating a positive relationship between pro-
tein intake, from either animal (meat, milk) or plant foods and
the production of IGF-1 [55–59]. Taken together, these former
and recent observations combining reliable assessments of in-
testinal absorption and whole body retention of calcium, as well
as determinations of biochemical markers of bone metabolism
and osteotropic hormones including PTH and IGF-1 [48–59],
do not support the claim implying that the protein induced
increase in calciuria would reflect an acceleration of bone
resorption, and thereby would lead to net calcium “loss” and
eventually to osteoporosis. The possibility of a positive influ-
ence of increased protein intake on bone mineral mass and its
relation with dietary calcium is discussed below.

CLAIM 4. AN INCREASE IN
DIETARY PROTEIN INTAKE WOULD
EXERT A NEGATIVE EFFECT ON
BONE MINERAL MASS

The putative detrimental intake of a high protein diet on
bone mineral mass has been often considered as a notion that
would have been established according to the stringent criteria
of “evidence based medicine”. One publication has been fre-
quently cited in support of this putative detrimental effect of
high protein diet. This article described a cross-sectional study
carried out in 38 young adult women (age range: 24–28 years)
[60]. A negative association was found between protein intake,
as estimated with a semiquantitative food frequency question-
naire, and areal bone mineral density (aBMD in g/cm2) mea-
sured in the forearm by single photon absorptiometry. How-
ever, the negative correlation was only found at one of the two
radial sites studied [60]. This observation was interpreted as
evidence that relatively high protein intake would exert an
adverse effect on bone mineral mass throughout life [61].
However, in several reports such a negative relationship was
not observed [62–66]. Furthermore, in a large number of stud-
ies a positive relationship between the spontaneous protein
intake and bone mineral mass has been found [67–80]. This
positive relationship was observed in both women and men. In
the Framingham Osteoporosis Study carried out in a large
cohort of elderly women and men prospectively followed over
4 years, increased protein intake was protective against spinal
and femoral bone loss in both genders [78]. Thus, in contrast to
the widely held belief evoked above, high intake of proteins,
including those from animal sources, did not adversely affect
the skeleton even in the elderly population. In a survey carried
out in hospitalized elderly patients, low protein intake was
associated with reduced femoral neck aBMD and poor physical
performance [72]. The group with a higher protein intake had
a greater aBMD, particularly at the femoral neck level, and also
had a better improvement of bicipital and quadricipital muscle
strength and performance, as indicated by the increased capac-
ity to walk and climb stairs, after four weeks of hospitalization
[72]. In hip fracture patients, bone mass was directly propor-
tional to serum albumin, a marker of nutritional status [81].
Altogether, these results indicate that a sufficient protein intake
is mandatory for bone health [54, 80, 82–85]. Thus, whereas a
gradual decline in caloric intakes with age can be considered as
an adequate adjustment to the progressive reduction in energy
expenditure, the parallel reduction in protein intakes is certainly
detrimental for maintaining the integrity and function of several
organs or systems, including skeletal muscles and bone.

There is some evidence that the favorable effect of increas-
ing the protein intake on bone mineral mass is better expressed
when the supply of both calcium and vitamin D are adequate
[83, 84, 86–88]. Reciprocally, it has been reported that in
postmenopausal women with low calcium intake (600 vs 1500
mg/day), a relatively high protein intake (20 vs 10% of energy)

Dietary Protein: An Essential Nutrient For Bone Health

530S VOL. 24, NO. 6



enhanced calcium retention [89]. Further investigation is
needed in order to clarify the interaction between protein and
calcium intakes on postmenopausal and age-related bone loss.
The same holds true for such interaction during skeletal devel-
opment until the attainment of peak bone mass. Prospective
observational studies suggest that both calcium and protein
intakes are independent variables of bone mineral mass acqui-
sition, particularly before the onset of pubertal maturation [90,
91]. Indeed, a recent study also suggests that protein intake
modulates the effect of calcium supplementation on bone min-
eral mass gain in prepubertal boys [92]. Therefore it is possible
that both protein and calcium played a role in the greater gain
of total body aBMD/BMC that has been observed in milk
supplemented adolescent girls [93].

CLAIM 5. DIETARY PROTEIN
WOULD BE POSITIVELY RELATED
TO THE PREVALENCE OR
INCIDENCE OF OSTEOPOROTIC
FRACTURE

An indirect argument has been put forward for suggesting
that high animal protein intakes exert deleterious effects on
bone health. This hypothesis was based on a retrospective
analysis presenting an increased incidence rate of hip fracture
in women older than 50 years of age, living in countries with
high protein intake of animal origin [94, 95]. This approach
raises two main comments. First, as expected, countries with
the highest incidence of hip fracture are those with the longest
life expectancy, an important determinant of the risk of osteo-
porotic fracture. Age adjustment to the 1977 [96] or 1987 [94,
95] distribution of women in the United States does not correct
for marked differences in life expectancy between populations
with various socio-economic conditions. Second, in this calcu-
lated cross-cultural association between animal protein and hip
fracture [94, 95], the daily intake was an estimate of the total
amount of animal proteins available for the whole population,
i.e. the amount produced plus the amount imported minus the
amount exported by a given country (data from the Food and
Agriculture Organization, FAO, of the United Nations), divided
by the number of inhabitants. This estimate does not take into
account that in industrialized countries with high incidence of
hip fracture, the protein consumption is lower in the elderly
than in the young adult population, particularly among patients
experiencing fragility fracture of the proximal femur (see for
review: [97]).

Other epidemiological data have been obtained in several
geographical regions of the world. In the Nurses’ Health Study
carried out in the United States and which included a large
number of subjects followed over 12 years, a trend for hip
fracture incidence inversely related to protein intake has been
found [98]. In the same study, however, forearm fracture inci-
dence increased in subjects with high protein intake of animal

origin [98]. This opposite association might be related to some
difference in physical activity and mode of falling between
these two types of fracture, of which the maximal incidence
occurs at an earlier age in the forearm than in the proximal
femur [99, 100]. In a retrospective Norwegian survey an ele-
vated risk of hip fracture was associated with high non-dairy
protein intake only when calcium intake was low [101]. In a
prospective study (Iowa Women’s Health Study) carried out in
about 32,000 women aged 55–69, the risk of hip fracture was
negatively associated with total protein intake [102]. Thus, the
age-adjusted relative risk reduction in hip fracture incidence
was 67 and 79% for the highest vs the lowest quartile in total
and animal protein intake, respectively [102]. The trend for risk
reduction remains significant after further adjustment for body
mass index, parity, smoking, alcohol intake, estrogen use, and
physical activity [102]. In a case-control study conducted in
Utah, the association between the odds ratio of hip fracture
decreased across increasing quartiles of total protein intake in
participants 50–69 years of age [103]. In this case-control
study, such an association was not found in older participants
70–89 years of age [103]. It is unlikely that the positive
influence of protein intake would be attenuated from age 70
years and over. Indeed, intervention trials in which protein
supplements were demonstrated to exert a beneficial effect on
bone mass and remodeling were carried out in patients older
than 70 years [55, 104]. As discussed by the authors of the Utah
case-control study [103], as well as commented on in a related
editorial review [85], the inability to detect a protective effect
of protein consumption in the older group might be due to some
selection bias, including mostly the “healthiest” hip fracture
cases, i.e. those patients able to complete the interview and to
provide reliable information on their dietary intakes.

Other studies sustain the notion that under-nutrition with
respect to protein intake is a important risk factor for hip
fracture. Thus, in the NHANES I Study, hip fracture was higher
with low energy intake, low serum albumin levels and low
muscle strength [105]. Similarly, low BMI was a significant
risk factor for hip fracture in both genders [106, 107]. A low
plasma albumin level, which can reflect low nutritional intakes,
has been repeatedly found in patients with hip fracture as
compared to age-matched healthy subjects or patients with
osteoarthritis [81, 108–110]. Dietary proteins positively influ-
ence the production and action of the bone anabolic agent,
insulin-like growth factor-1 (IGF-1) in both animal and human
studies. The “Dietary protein -� IGF-1 -� Bone Health” axis
plays a key role in the prevention of osteoporosis. See for
review [82]. Preclinical studies in adult animals have docu-
mented that an isocaloric low protein diet reduces IGF-1,
induces negative bone balance with both decreased formation
and increased resorption, thereby leading to a decline in bone
strength [111–113]. All these negative effects can be reversed
by amino acids administered in the same proportion as in casein
[114]. In human studies the risk of spinal and hip fractures was
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associated with low plasma levels of IGF-I [115, 116]. Further-
more, muscle mass and strength are important determinants not
only of the maintenance of bone quality, but also of the risk and
consequences of falling. In the elderly at risk of osteoporotic
fractures, marginal dietary protein intake results in losses of
muscle mass which is associated with a reduction in the level of
IGF-1 [117]. Finally, randomized clinical trials in patients with
hip fracture have documented the beneficial effects of correct-
ing the spontaneously low protein intake by giving a casein
supplement on the clinical outcome following the acute ortho-
pedic management [55, 110, 118].

CLAIM 6. VEGETAL BUT NOT
ANIMAL PROTEINS WOULD REDUCE
OSTEOPOROSIS INDUCED BONE
FRAGILITY

Several recent human studies do not support the notion that
the protective effect of protein on either bone loss or osteopo-
rotic fracture is due to vegetal rather than animal proteins [55,
78, 79, 88, 101–103]. In apparently sharp contrast with these
very consistent results, an epidemiological study reported that
individuals consuming diets with high ratios of animal to
vegetal protein lost bone more rapidly than did those with
lower ratios and had a greater risk of hip fracture [119]. The
physiological meaning, particularly in terms of impact on cal-
cium-phosphate and bone metabolism, of animal to vegetal
protein ratio remains mechanistically quite obscure. Indeed,
variations in this calculated ratio can result from differences in
the absolute intake of either animal or vegetal proteins. More
importantly, however, in this study [119] the statistically neg-
ative relationship between the animal to vegetal protein ratio
and bone loss was obtained only after multiple adjustments, not
only for age but also for energy intake, total calcium intake
(dietary plus supplements), total protein intake, weight, current
estrogen use, physical activity, smoking status and alcohol
intake [119]. In sharp contrast, a positive relationship between
the animal to vegetal protein ratio and baseline BMD was
found when the statistical model was only adjusted for age
[119]. This inconsistency according to the way this set of data
was analyzed makes the generalization of these findings, in
terms of nutritional recommendations for bone health and os-
teoporosis prevention, difficult [83].

CONCLUSIONS

The putative beneficial effect of vegetal as compared to the
putative detrimental influence of animal protein on bone health
has been promulgated over several decades. In the previous
sections of this review, the lack of consistent evidence for

superiority of vegetal over animal proteins on calcium metab-
olism, bone loss prevention and osteoporotic fracture risk re-
duction has been presented. Both protein sources appear to be
important for bone health. Besides their protein content, both
plant and animal foods provide other nutrients that can exert
positive influences on bone health. Even in groups or among
individuals who are favorable to consuming foods from animal
sources, whether for economic or palatability reasons, it is
generally agreed that a well balanced, nutritionally sound diet
includes the regular consumption of fruits and vegetables. In
contrast, in some vegetarian circles, there is a certain pros-
elytism against milk and/or meat products. An important aspect
of this is the emotional opposition to the consumption of animal
foods. As developed above, this rather strong antagonism is in
part based on the putative negative influence of animal proteins
on bone health. Scientific evidence does not support this neg-
ative view, as analysed in detail in the different sections of this
review. The opposition to the consumption of animal proteins
goes much beyond the legitimate choice of any adult individual
to determine what she/he wants to eat and does not want to eat.
Fortunately, there is no negative position in scientific or para-
medical circles that would dogmatically recommend avoidance
of the consumption of fruits and vegetables, among those who
consider that animal foods, including meat, fish and dairy
products provide useful nutrients for bone health. Proteins from
various dietary sources contribute to maintain bone integrity,
from early childhood to old age. Along with calcium and
vitamin D, an adequate intake of proteins should be recom-
mended in the prevention and treatment of postmenopausal and
age-dependent osteoporosis.
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Review

The Role of Dairy Foods in Weight Management

Michael B. Zemel, PhD, FACN

The University of Tennessee, Knoxville, Tennessee

Key words: calcium, dairy, whey, obesity, adipocyte, ACE inhibition, branched chain amino acids

Dietary calcium appears to play a pivotal role in the regulation of energy metabolism and obesity risk. High
calcium diets attenuate body fat accumulation and weight gain during periods of over-consumption of an
energy-dense diet and to increase fat breakdown and preserve metabolism during caloric restriction, thereby
markedly accelerating weight and fat loss. This effect is mediated primarily by circulating calcitriol, which
regulates adipocyte intracellular Ca2�. Studies of human adipocyte metabolism demonstrate a key role for
intracellular Ca2� in regulating lipid metabolism and triglyceride storage, with increased intracellular Ca2�

resulting in stimulation of lipogenic gene expression and lipogenesis and suppression of lipolysis, resulting in
adipocyte lipid filling and increased adiposity. Moreover, the increased calcitriol produced in response to low
calcium diets stimulates adipocyte Ca2� influx and, consequently, promotes adiposity, while higher calcium
diets inhibit lipogenesis, promote lipolysis, lipid oxidation and thermogenesis and inhibit diet-induced obesity in
mice. Notably, dairy sources of calcium exert markedly greater effects in attenuating weight and fat gain and
accelerating fat loss. This augmented effect of dairy products versus supplemental calcium has been localized,
in part, to the whey fraction of dairy and is likely due to additional bioactive compounds, such as angiotensin
converting enzyme (ACE) inhibitors in dairy, as well as the rich concentration of branched chain amino acids,
which act synergistically with calcium to attenuate adiposity; however, these compounds do not fully account
for the observed effects, as whey has significantly greater bioactivity than found in these compounds. These
concepts are confirmed by epidemiological data as well as recent clinical trials which demonstrate that diets
which include at least three daily servings of dairy products result in significant reductions in body fat mass in
obese humans in the absence of caloric restriction and markedly accelerates the weight and body fat loss
secondary to caloric restriction compared to low dairy diets. These data indicate an important role for dairy
products in both the ability to maintain a healthy weight and the management of overweight and obesity.

Key teaching points:

• Dietary calcium modulates circulating calcitriol (1,25-dihydroxyvitamin D) levels that in turn regulate intracellular calcium which
affects fat metabolism in human adipocytes.

• Reducing calcitriol levels by increasing dietary calcium results in reduction of body fat in the absence of caloric restriction,
substantially increases body weight and fat loss during caloric restriction and reduces weight and fat regain following successful
weight loss.

• Dairy sources of calcium are markedly (50–100%) more effective than supplemental calcium in reducing body weight and body
fat during caloric restriction. A portion of this additional anti-obesity bioactivity is attributable to the ACE-inhibitory activity of
dairy and to the rich concentration of branched chain amino acids.

• This anti-obesity effect of dietary calcium/dairy is supported by cellular mechanistic studies, animal studies human epidemiological
studies and clinical trials.

• Incorporating dairy into weight management regimens is associated with significant preservation of lean body mass during caloric
restriction.

Address reprint requests to: Michael B. Zemel, PhD, FACN, The University of Tennessee, 1215 W. Cumberland Ave, Room 229, Knoxville, TN 37996-1920. E-mail:
mzemel@utk.edu
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INTRODUCTION

A substantial body of data has emerged over the last five
years to indicate that dietary calcium and dairy foods modulate
adipocyte lipid metabolism and energy partitioning between
adipose tissue and lean body mass, resulting in a significant
“anti-obesity” effect. This effect is supported by a clear
mechanistic framework, prospective and retrospective epidemi-
ological reports and observational studies, secondary analyses
of past clinical trials originally conducted with other primary
endpoints (i.e., skeletal, cardiovascular) and prospective clini-
cal trials. Further, these findings are evident in populations of
multiple ages and ethnicities, suggestive of a generally robust
effect, as discussed in this review.

MECHANISMS

A compelling mechanism for the anti-obesity effect of di-
etary calcium was provided by our studies of the mechanism of
action of the agouti gene in regulating murine and human
adipocyte metabolism [1–21]. These studies demonstrated a
key role for intracellular Ca2� in the regulation of adipocyte
metabolism, resulting in modulation of adipocyte triglyceride
stores; intracellular Ca2� is regulated by calcitrophic hor-
mones, and this provides the primary mechanistic basis for the
anti-obesity effect of dietary calcium.

This regulation of adipocyte lipid metabolism by intracel-
lular Ca2� provides the key framework for dietary calcium
modulation of adiposity. We have found both parathyroid hor-
mone [4] and 1,25-(OH)2-D [22,23] stimulate rapid increases in
human adipocyte intracellular Ca2�; accordingly, suppression
of these hormones by increasing dietary calcium facilitates
re-partitioning of dietary energy from lipid storage to lipid
oxidation and thermogenesis. Although both parathyroid hor-
mone and 1,25-(OH)2-D both modulate adipocyte intracellular
Ca2�, a growing body of evidence indicates that 1,25-(OH)2-D
plays a pivotal role in modulation of lipid metabolism, although
an additional possible role for parathyroid hormone has not
been excluded. Human adipocytes possess membrane (non-
genomic) vitamin D receptors which transduce a rapid intra-
cellular Ca2� response to 1,25-(OH)2-D3 [23,24]; conse-
quently, 1,25-(OH)2-D3 treatment of human adipocytes results
in coordinated activation of fatty acid synthase expression and
activity and suppression of lipolysis, leading to an expansion of
adipocyte lipid storage [22,24,25]. However, it should be noted
that while these data provide a plausible mechanism of action
based on in vitro studies in human adipocytes, the direct effect
of calcitrophic hormones on human adipocyte metabolism has
not yet been assessed utilizing in vivo techniques, such as
microdialysis. Nonetheless, a potential role of 1�,25-(OH)2-D3

in human obesity is suggested by other data. Polymorphisms in
the nuclear vitamin D receptor (nVDR) gene are associated
with susceptibility to obesity in humans [26,27], and several

lines of evidence demonstrate an alteration of the vitamin
D-endocrine system in obese humans, with an increase in
circulating 1�,25-(OH)2-D3 level [28,29]. These observations,
coupled with the direct effects of 1�,25-(OH)2-D3 on adipocyte
lipid metabolism, strongly implicate the increase in 1�,25-
(OH)2-D3 found on low calcium diets as a contributory factor
to excess adiposity.

In addition to regulating adipocyte metabolism via a non-
genomic membrane receptor (the membrane-associated rapid
response to steroid, or MARRS protein) [23,30,31], 1�,25-
(OH)2-D3 also acts via the “classical” nuclear vitamin D re-
ceptor in adipocytes to inhibit the expression of uncoupling
protein2 (UCP2) [32]; further, suppression of 1,25-(OH)2-D3

levels by feeding high calcium diets to mice results in increased
adipose tissue UCP2 expression and attenuation of the decline
in thermogenesis which otherwise occurs with energy restric-
tion [25], suggesting that high calcium diets may also affect
energy partitioning by suppressing 1,25-(OH)2-D3-mediated
inhibition of adipocyte UCP2 expression. However, the role of
UCP2 in thermogenesis is not clear, and the observed thermo-
genic effect may be mediated by other, as of yet unidentified
mechanisms. Moreover, thermogenic effects of dietary calcium
and/or dairy products have not yet been demonstrated in hu-
mans. Nonetheless, in addition to inducing a mitochondrial
proton leak, UCP2 serves to mediate mitochondrial fatty acid
transport and oxidation, suggesting that 1,25-(OH)2-D3 sup-
pression of UCP2 expression may still contribute to decreased
fat oxidation and increased lipid accumulation on low calcium
diets [32].

Recent data demonstrate that 1,25-(OH)2-D3 may also mod-
ulate adiposity by inhibiting adipocyte apoptosis [33]. This
effect is mediated, in part, via inhibition of UCP2 expression
and a consequent increase in mitochondrial potential, a key
regulator of apoptosis, and in part via 1,25-(OH)2-D3 regulation
of cytosolic Ca2� and of Ca2� flux between endoplasmic
reticulum and mitochondria [33 and unpublished data]. Conse-
quently, adipocyte apoptosis is significantly impaired in asso-
ciation with increased 1,25-(OH)2-D3 levels in mice fed low
calcium diets, while there is a marked increase in adipocyte
apoptosis in mice fed high calcium and/or high dairy diets [33]. An
integrated summary of these mechanisms is shown in Fig. 1.

Increasing dietary calcium may also result in increased fecal
fatty acid excretion and, accordingly, it is possible that the
resultant increase in fecal energy loss could contribute to the
anti-obesity effects of dietary calcium. In support of this con-
cept, Papakonstantinou et al [34] demonstrated that a high
calcium diet produced a substantial increase in fecal fat and
energy excretion, and attributed the observed reduction in ad-
iposity to fecal energy loss, although a marked decrease in
circulating 1,25-(OH)2-D3 was found as well. More recently,
Jacobsen et al [35] reported that a short-term increase in cal-
cium intake from 500 to 1800 mg/day increased fecal fat
excretion �2.5-fold, from 5.9 to 14.2 g/day. However, while
such an increase in fecal fat loss will clearly contribute to a
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reduction in energy balance, it required a larger level of cal-
cium (1800 mg vs. 1200 mg used in clinical trials of calcium
and obesity) to produce a quantitatively small effect (8.3 g
additional fecal fat, representing a 75 kcal/day loss) which is
insufficient to explain the magnitude of the effects observed in
clinical trials (discussed later in this review). Previous studies
also demonstrated that large increases in dietary calcium (2–4
g/day) result in statistically significant, but modest, increases in
fecal fat loss [36–38]. For example, a supplement of 2 g
calcium increased fecal fat excretion from 6.8% to 7.4% of
total fat intake [37]. In contrast, in order to achieve a clinically
meaningful (albeit modest) contribution to weight loss, the
pancreatic lipase inhibitor orlistat must produce approximately
a 30% inhibition of total dietary fat absorption, versus the
approximately 1–2% found with dietary calcium. Thus, while
calcium-inhibition of fat absorption may contribute to an anti-
obesity effect, this effect is too small to explain the observed
effects. Instead, the primary effect appears to be inhibition of
calcitrophic hormone effects on adipocyte energy storage and
utilization.

Other Dairy Components

Although dietary calcium appears to inhibit adiposity via
the aforementioned 1,25-(OH)2-D3 mechanisms, data from
clinical trials, rodent studies and population studies all indicate
a substantially (�two-fold) greater effect of dairy versus sup-
plemental sources of calcium in attenuating adiposity. Accord-
ingly, it is important to identify the additional component(s) of
dairy that may be responsible for this augmentation. Our pre-
liminary studies in mice isolate a portion of this additional
dairy-derived bioactivity to the whey fraction [39]. Likely
candidates for this additional bioactivity include the branched

chain amino acid content of dairy protein and specific bioactive
whey-derived peptides.

Dairy contains a number of bioactive compounds, which
may act either independently or synergistically with calcium to
affect lipogenesis, lipolysis, lipid oxidation and/or energy par-
titioning. Among these, the significant angiotensin converting
enzyme (ACE) inhibitory activity contained in whey protein
may be relevant to adipocyte lipid metabolism. Angiotensin II
upregulates adipocyte fatty acid synthase expression [reviewed
in 40], and ACE inhibition mildly attenuates obesity in both
mice and in hypertensive patients. Consequently, since adipose
tissue has an autocrine renin-angiotensin system, it is possible
that a whey-derived ACE inhibitor may contribute to the anti-
obesity effects of dairy.

In support of these concepts, a whey-derived ACE inhibitor
significantly augmented the effects of dietary calcium on
weight and fat loss in energy-restricted mice [39]. However, the
combination of the calcium and ACE inhibitor was markedly
less potent than either milk or whey in reducing body fat;
moreover, milk and whey both substantially preserved skeletal
muscle mass during energy restriction while calcium and the
calcium/ACE inhibitor combination were without effect. Con-
sequently, although calcium plays a significant role in weight
management, and this effect is enhanced by whey-derived
ACE-inhibition, a significant portion of the dairy effect remains
unexplained. While it is likely that the protective effects of
dairy on muscle mass may be attributable to the branched chain
amino acid content of whey protein (discussed below), this is
unlikely to explain the additional effects of whey on adiposity.
An evaluation of whey-derived mineral mix versus calcium
carbonate indicates that the other minerals contained in whey
do not contribute to the anti-obesity effects of whey [39, and
unpublished data]. Present studies in progress are directed

Fig. 1. An integrated summary of mechanisms.
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towards identification of the additional components which con-
tribute to the additional anti-obesity bioactivity of dairy.

Although it may be tempting to speculate that the protein
content of dairy may play a role in mediating the anti-obesity
effect, studies demonstrating an anti-obesity effect of dairy
products in both rodents and humans have maintained constant
levels of protein intake. Accordingly, the protein content of
dairy and whey per se cannot be responsible for the additional
bioactivity. However, the amino acid composition of dairy
protein may play a role. Dairy proteins have a high protein
quality score and contain a high proportion (�26%) of
branched chain amino acids (BCAA) [41,42]. In addition to
supporting protein synthesis, the BCAA (leucine, isoleucine
and valine) play specific metabolic roles as energy substrates
and in the regulation of muscle protein synthesis, and their
potential to participate in these additional metabolic processes
are limited by their availability, with first priority provided to
new protein synthesis [recently reviewed by Layman, 41].
Accordingly, only diets which provide leucine at levels which
exceed requirements for protein synthesis can fully support the
intracellular leucine levels required to support additional sig-
naling pathways [41]. Consequently, the abundance of leucine
in both casein and whey is of particular interest, as it plays a
distinct role in protein metabolism and a pivotal role in trans-
lation initiation of protein synthesis [43]. Accordingly, the high
concentration of BCAA, and leucine in particular, in dairy
products may be an important factor in the re-partitioning of
dietary energy from adipose tissue to skeletal muscle [44–46].
This suggests an interaction between the high levels of calcium
in dairy in combination with the BCAA content of dairy pro-
tein, possibly in concert with other dairy-derived bioactive
compounds may work in synergy to minimize adiposity and
maximize lean mass.

Modulation of Central Adiposity

Both rodent and human studies demonstrate a shift in the
distribution of body fat loss on high versus low calcium diets
during energy restriction. In rodents, high calcium and high
dairy diets produce a preferential loss of visceral adipose tissue
[22,25], while clinical trials demonstrate a preferential loss of
fat from the trunk region (i.e. an increase in trunk fat loss as a
percentage of total fat loss) [47–50]. Recent studies describing
the role of autocrine production of cortisol by adipose tissue
provide a plausible and likely mechanism for this effect as well.

Human adipose tissue expresses significant 11 �-hydroxy-
steroid dehydrogenase-1 (11 �-HSD-1), which can generate
active cortisol from cortisone, and visceral adipose tissue ex-
hibits greater 11 �-HSD-1 expression than does subcutaneous
adipose tissue [51,52]. Further, selective overexpression of
11-�-HSD-1 in white adipose tissue of mice results in central
obesity [53,54], while homozygous 11 �-HSD-1 knockout
mice exhibit protection from features of the metabolic syn-
drome [55]. We have recently found 1,25-(OH)2-D3 to exert

both short-term and long-term regulation of 11 �-HSD-1 in
human adipocytes, resulting in �2-fold increases in
11�-HSD-1 expression and up to 6-fold increases in net corti-
sol production (56). Thus, the increase in 1,25-(OH)2-D3 found
on low calcium diets is likely to cause selective expansion of
visceral adipose tissue, while the observed selective loss of
central adiposity on high calcium and high dairy diets appears
to be attributable to a reduction in cortisol production by
visceral adipocytes [56].

ANIMAL STUDIES

We have confirmed the anti-obesity effect of dietary cal-
cium and dairy products in a series of studies conducted in
transgenic mice which express the agouti gene in adipose tissue
under the control of the aP2 promoter, similar to the human
pattern of expression of agouti and other obesity-associated
genes [22,25,57–60]. These mice are not obese when fed
standard chow diets but are susceptible to adult-onset diet-
induced obesity. They respond to low calcium diets with ac-
celerated weight gain and fat accretion, while high calcium
diets markedly inhibit lipogenesis, accelerate lipolysis, increase
thermogenesis and suppress fat accretion and weight gain in
animals maintained at identical caloric intakes [22]. Further,
low calcium diets impede body fat loss while high calcium
diets markedly accelerate weight and fat loss in transgenic mice
subjected to identical levels of caloric restriction [25,57–60].
However, there is one report indicating lack of effect of in-
creasing calcium intake on body weight and body fat in rats and
mice [61]. The reason for this difference is not apparent, but
may be related to the use of older animals with more fully
established obesity, as well as the lack of an energy restriction
protocol. However, studies in other animal models (Zucker lean
and obese rats, Wistar rats and Spontaneously Hypertensive
rats) confirm the observation that increased calcium intake
lowers body weight and fat content [34,62,63].

Dietary calcium and dairy also alter the partitioning of
dietary energy during re-feeding following weight loss in aP2-
agouti transgenic mouse model [64]. Although post-obese mice
fed a low calcium diet rapidly regained all of the weight and fat
that had been lost, re-feeding high calcium diets prevented the
suppression of adipose tissue lipolysis and fat oxidation that
otherwise accompanies post-dieting repletion and markedly
upregulated indices of skeletal muscle fat oxidation [64]. Con-
sequently, although animals re-fed low calcium diets rapidly
regained all of the weight and fat that had been lost, animals fed
high calcium diets exhibited a 50–85% reduction in weight and
fat gain; moreover, dairy exerted markedly greater effects than
supplemental calcium on fat oxidation and fat gain [64]. These
data are supported by both clinical trials and observational data,
as described in the next sections.
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CLINICAL STUDIES

The original concept of calcium and dairy modulation of
body composition and weight management emerged from data
from a hypertension clinical trial, with subsequent corrobora-
tion via secondary analysis of other clinical trials originally
conducted with skeletal outcomes and finally prospective clin-
ical trials to evaluate the effects of calcium and dairy on
adiposity. In the hypertension study, dietary calcium was in-
creased from �400 to �1,000 mg/day in obese African Amer-
icans without altering dietary energy or macronutrient content.
Although body weight did not change, there was a 4.9 kg
reduction in body fat [22], which led to the subsequent mech-
anistic investigations already described. Heaney and colleagues
subsequently re-analyzed a series of calcium intervention stud-
ies originally designed with primary skeletal endpoints that
support a calcium-body weight linkage [65–67]. In an analysis
of nine studies, including three controlled trials and six obser-
vational studies, a significant negative association between
calcium intake and body weight was noted for all age groups
studied (third, fifth and eight decades of life). The odds ratio for
being overweight was 2.25 for young women below the median
calcium intake compared to those above median calcium intake
[65], and the controlled trials supported this relationship [65–
67]. Overall, increased calcium intake was consistently associ-
ated with reduced indices of adiposity (body weight, body fat
and/or weight gain); the aggregate effect was each 300 mg
increase in daily calcium intake was associated with a 3 kg
lower weight in adults and a 1 kg decrease in body fat in
children.

Randomized Clinical Trials

Several clinical trials have been conducted to evaluate the
effects of dietary calcium and/or dairy on adiposity; to date, all
available randomized clinical trial data available are from
adults. In the first trial [47], 32 obese adults were maintained on
balanced caloric-deficit diets (500 kcal/day deficit) and ran-
domized to control (0–1 serving/day and 400 to 500 mg Ca/day
supplemented with placebo), high calcium (control diet supple-
mented with 800 mg Ca/day), or high dairy (3–4 servings of
milk, yogurt and/or cheese/day, total Ca intake of 1200–1300
mg/day). Control subjects lost 5.4% of their body weight over
a 24-week study, and this loss was increased to 8.6% on the
high calcium diet and to 10.9% on the high dairy diet (p �

0.01). Fat loss (via DEXA) followed a similar trend, with the
high calcium and high dairy diets augmenting the fat loss found
on the low calcium diet by 38 and 64%, respectively (p �

0.01). This was accompanied by a marked change in the dis-
tribution of body fat loss [47], as fat loss from the trunk region
represented 19% of the total fat lost on the low calcium diet,
and this was increased to 50% of the fat lost on the high
calcium diet and 66% on the high dairy diet; this effect has now

been explained via calcium/1,25-(OH)2-D modulation of adi-
pose tissue cortisol production [56], as discussed in a preceding
section. These findings demonstrate that increasing dietary
calcium from suboptimal to adequate levels can enhance the
efficacy of an energy-restricted diet in weight and fat loss,
while a markedly greater enhancement is found when dairy
foods are used compared to calcium supplements [47].

The effects of dairy in augmenting weight and fat loss
secondary to caloric restriction have been confirmed in addi-
tional clinical trials. A recent follow-up clinical trial of 34
obese subjects consuming a diet supplemented with three serv-
ings of yogurt (total calcium intake of �1,100 mg/day) com-
pared to a placebo control group (calcium intake of 400–500
mg/day) on a balanced calorie-deficit (�500 kcal/day) for 12
weeks supports these findings [48]. Both groups lost weight,
but the yogurt group lost 61% more fat (4.43 vs. 2.75 kg) and
81% more trunk fat (3.16 vs. 1.74 kg) than the control group
(p � 0.001). Similar to the first clinical trial, the fraction of fat
lost from the trunk was markedly higher on the yogurt diet vs.
control (60.0 vs. 26.4%). Moreover, there was a significant
31% reduction in the loss of lean tissue mass during energy
restriction in the yogurt group compared to the control group.
No adverse effects were observed on any serum lipid fraction in
either of these trials, and there was an improvement in insulin
sensitivity, glucose tolerance and blood pressure in the dairy
groups in both trials [47,48]. These findings have been ex-
tended in a multi-center trial of 105 overweight and obese
adults conducted at The University of Tennessee, Purdue Uni-
versity, USDA, ARS, Western Human Nutrition Research Cen-
ter at the University of California-Davis, and The Ohio State
University [50]. The design was similar to the first clinical trial,
with subjects randomized to low calcium, high calcium and
high dairy groups on balanced deficit (�500 kcal/day) diets for
12-weeks. Although the calcium supplement exerted little ef-
fect, the high dairy diet resulted in significant, marked (�2-fold)
increases in fat loss and trunk fat loss, similar to that seen in the
first trial [48]. However, in contrast to the first clinical trial [47],
the calcium supplement was without significant effect.

These findings have also been replicated in a six-month
clinical trial in obese African Americans [49], with essentially
similar results. Inclusion of three daily servings of dairy into a
balanced deficit diet with no alterations in dietary macronutri-
ents results in �two-fold increase in weight, fat and trunk fat
loss versus those maintained on a low dairy diet. These findings
were extended to a six-month study of obese African-American
adults in the absence of energy deficit [49]. Isocaloric substi-
tution of three daily servings of dairy products into the diets of
obese African-American adults maintained on eucaloric diets
for six months results in a 5.4% reduction in total body fat and
a 4.6% decrease in trunk fat (p � 0.01 for both) in the absence
of any change in body weight while the control group main-
tained on a low calcium/low dairy diet with identical macro-
nutrient composition exhibited no significant changes in total
body fat or trunk fat [49]. Bowen et al [68] recently reported
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that dairy failed to enhance weight loss during 12 weeks of
energy restriction in subjects on high protein diets. However,
that work utilized a much higher level of protein intake than
that used in the aforementioned trials (34% of energy versus
18%), making a direct comparison difficult, as higher protein
intakes have been shown in some studies to be associated with
greater weight loss. Indeed, the weight loss found by Bowen et
al was approximately twice as high 9.7 vs. 4.99 kg) as that
found in the control group in the preceding 12-week study (48).
At this higher rate of weight loss (0.8 kg/week), a maximal rate
of fat mobilization may already be approached, making addi-
tional increments due to dairy (or other factors) unlikely. More-
over, the baseline calcium intakes in the Bowen study were
considerably higher (899 and 787 mg/day for men and women,
respectively, assigned to the dairy protein diet, and 935 and 737
mg/day for those assigned to the mixed protein diet) than in the
aforementioned clinical trials [47,48], in which baseline cal-
cium intakes were �600 mg/day. This was considered critical
in order to ensure that the effects of correcting suboptimal
intakes were studied, rather than the effects of supplementing
near-adequate intakes.

Finally, preliminary data demonstrate that a eucaloric high
dairy diet markedly attenuates regain of body weight following
successful weight loss compared to a low dairy diet (3.03 vs.
1.02 kg weight regain on low vs. high dairy diet, p � 0.05)
[69]. Similarly, the high dairy diet attenuated regain of body fat
(1.959 vs. 0.773 kg on low vs. high dairy diet, p � 0.01), and
trunk fat (1.546 vs. 0.218 kg on low vs. high dairy diet, p �

0.01), indicating that dairy-rich diets attenuate short-term (12-
week) weight, fat and trunk fat regain following weight loss.
However, longer term assessments are needed to fully evaluate
this phenomenon, and are presently in process.

To date, two short-term clinical trials have been conducted
to evaluate the mechanisms of the anti-obesity effects of dairy.
Both were randomized crossover design studies conducted to
evaluate the effects of one-week on each diet and utilized
whole-room calorimeters. In the first, level of calcium intake
was without effect on 24-hour energy expenditure or fat oxi-
dation, but significantly increased fecal fat and energy excre-
tion [35], as previously discussed. The second study was based
upon an observational study in which calcium intake was
positively correlated with whole-body fat oxidation in a whole-
room calorimeter, with measured calcium intake explaining
�10% of the variance in 24-hour fat oxidation [70]. In the
follow-up study, consumption of a high dairy (3–4 servings/
day) significantly increased 24-hour fat oxidation by 30 g/day
[71]; however, this effect was only significant under conditions
of energy deficit (�600 kcal/day) produced by a combination
of caloric restriction and physical activity. The high dairy diet
also resulted in a decreased respiratory quotient during periods
of heightened metabolic activity [71]. Thus, the discrepancy
between these findings and those of the previous study may be
accounted for by the positive energy balance experienced by
subjects in the first study [35], while the increased fat oxidation

was only significant in the second study during negative energy
balance [71].

OBSERVATIONAL AND
EPIDEMIOLOGICAL STUDIES

Although there have been a limited number of clinical trials
to date, these clinical data are supported by multiple lines of
evidence, including observational data noting an inverse rela-
tionship between dietary calcium and/or dairy and body weight
and/or body fat in children and adolescents [72–76], younger
and older women [77–79], African-American women [78], as
well as by epidemiological data from NHANES I [79],
NHANES III [22], NHANES 1999–2000 [79], the Continuing
Study of Food Intake of Individuals [80], the HERITAGE study
[81], the Quebec Family Study [82], the CARDIA study [83]
and the Tehran Lipid and Glucose study [84].

In a retrospective analysis of a two-year prospective study
of 54 normal-weight Caucasian women participating in an
exercise intervention, the dietary calcium�energy ratio and the
dairy calcium�energy ratio were significant negative predictors
of changes in both body weight and body fat [77]. There was a
notable interaction between dietary calcium and energy intake
in predicting changes in body fat, as calcium, but not energy,
intake predicted changes in body weight and body fat for
women below the median energy intake (1,876 kcal/day), while
energy intake alone predicted changes in weight and fat in
women at higher levels of energy intake. Further, the reported
effects of calcium appeared to be specific to dairy sources, as
dairy calcium predicted changes in body weight and fat, while
non-dairy calcium did not [77]. An inverse relationship be-
tween energy-adjusted dietary calcium intake and body mass
index was also reported in lactose tolerant, but not lactose
intolerant, African-American women [78]. Although the reason
for the lack of effect in the lactose intolerant group cannot be
definitively inferred from this cross-sectional study, the lac-
tose-intolerant group exhibited a uniformly low calcium intake,
presumably due to aversion to dairy products, and the lack of
women with adequate calcium intakes in this group therefore
precluded a clear relationship emerging as it did for the lactose
tolerant women.

While most studies reporting the relationship between di-
etary calcium and/or dairy and indices of adiposity are in
adults, there have been a few studies in children and adoles-
cents [72–76,85,86]. Although one study recently reported no
relationship between dietary calcium or dairy consumption in a
longitudinal assessment of adolescent females [85], the authors
noted that dairy consumption was significantly higher for their
study cohort compared to that reported by CSFII for a nation-
ally representative survey of the same age group (428 vs. 269
g/day of milk and milk products). Moreover, overall reported
median dairy intake was 2.9 servings of dairy and 827 mg of
dairy-derived calcium per day. Accordingly, it is possible that
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this cohort represented a relatively high dairy consuming pop-
ulation and therefore was sufficiently above a yet-to-be deter-
mined threshold of dairy intake to observe an effect on indices
of adiposity. In contrast, several other studies of children and
adolescents suggest a protective effect of dairy [73–76,86].

A significant inverse relationship between dietary calcium
and body fat was reported in a five-year longitudinal study of
preschool children studied from two months of age (R2 � 0.51)
[72]. The group subsequently extended these longitudinal find-
ings to eight years of age [73]. Overall, in predictive equations
that explain 26–34% of the variability in body fat, variations in
dietary calcium explained 7–9% of the variability in adiposity
[73]. Notably, these longitudinal data strongly suggest that
dairy and calcium intake within the first year of life are signif-
icant inverse determinants of body fat levels at age 8 [72,73].
Consistent with these findings, longitudinal data from the Fra-
mingham Children’s Study indicate that higher intakes of cal-
cium early in life (ages 3–5) were associated with decreased
gain of body fat over time (early adolescence), with dairy
servings being more strongly correlated to reduced body fat
than dietary calcium per se.

The associations between dairy intake and incidence of the
major components of the insulin resistance syndrome (IRS),
including obesity, was evaluated in a 10-year population based
prospective study of 3,157 black and white adults [83]. Over-
weight individuals who consumed the most dairy products had
a 72% lower incidence of IRS compared to those with the
lowest dairy intakes. Moreover, the cumulative incidence of
obesity in those who started the study in the overweight cate-
gory was significantly reduced from 64.8% in those consuming
the least amount of dairy foods to 45.1% in the highest dairy
food consuming group. Notably, the inverse relationship be-
tween dietary calcium and either IRS or obesity incidence in
the CARDIA study was explained solely by dairy intake and
was not altered by adjustment for dietary calcium, indicating
the presence of an additional effect of dairy beyond the mech-
anisms already cited for dietary calcium in modulating adipos-
ity and obesity risk; this is consistent with both the experimen-
tal animal and clinical trial data which also suggest that other
dairy components, in addition to calcium, contribute to an
anti-obesity effect.

SUMMARY AND CONCLUSIONS

An anti-obesity effect of dietary calcium and dairy foods is
now evident from animal studies, observational and population
studies and clinical trials. It is important, however, to interpret
these findings within the context of overall energy balance. For
example, Berkey et al [87] recently reported that adolescents
who consume excess calories from milk exhibit higher gains in
body mass index than those who do not; however, when ad-
justed for energy intake, this effect was not evident. Consistent
with this, the reported effects of calcium and dairy on body

weight and body composition demonstrate accelerated weight
and fat loss on energy restricted diets and improvements in
body composition with isocaloric substitution of dairy for other
components of the diet. Accordingly, these data should not be
interpreted to suggest that increasing dairy intake exerts an
anti-obesity effect independent of energy balance.

It is also important to interpret these findings to place these
findings within the context of optimal calcium and dairy intake.
It appears that the effects of calcium on healthy weight man-
agement result from correcting suboptimal intakes and thereby
preventing the endocrine response (PTH � 1�,25-(OH)2-D3

axis) which favors adipocyte energy storage. Accordingly, once
adequate dietary calcium levels are achieved, minimal re-
sponses would be anticipated from further increases in calcium
intake, and the available data support this concept. Similarly,
the available data indicate that substantial improvements in
adiposity are unlikely to result from increasing dairy intake
beyond an optimal range (approximately three daily servings).

While there is a strong theoretical framework in place to
explain the effects of dietary calcium on energy metabolism,
the precise mechanisms whereby dairy products exert substan-
tially greater effects than equivalent amounts of calcium are not
yet clear. However, the additional dairy effect appears to be
mediated, in part, by several bioactive compounds, including
angiotensin converting enzyme inhibitors, the high concentra-
tion of branched chain amino acids in dairy protein and other
components which have not yet been identified. These data
provide the framework for the development of strategies to
utilize dairy products and dairy ingredients for the prevention
of overweight and obesity and, in conjunction with controlling
energy balance, for effective weight management.
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Milk Consumption Does Not Lead to Mucus Production
or Occurrence of Asthma
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There is a belief among some members of the public that the consumption of milk and dairy products
increases the production of mucus in the respiratory system. Therefore, some who believe in this effect renounce
drinking milk. According to Australian studies, subjects perceived some parameters of mucus production to
change after consumption of milk and soy-based beverages, but these effects were not specific to cows’ milk
because the soy-based milk drink with similar sensory characteristics produced the same changes. In individuals
inoculated with the common cold virus, milk intake was not associated with increased nasal secretions,
symptoms of cough, nose symptoms or congestion. Nevertheless, individuals who believe in the mucus and milk
theory report more respiratory symptoms after drinking milk. In some types of alternative medicine, people with
bronchial asthma, a chronic inflammatory disease of the lower respiratory tract, are advised not to eat so-called
mucus-forming foods, especially all kinds of dairy products. According to different investigations the consump-
tion of milk does not seem to exacerbate the symptoms of asthma and a relationship between milk consumption
and the occurrence of asthma cannot be established. However, there are a few cases documented in which people
with a cow’s milk allergy presented with asthma-like symptoms.

Key teaching points:

• In alternative medicine, a popular belief is that the consumption of milk and dairy products leads to mucus in upper and lower
respiratory tracts.

• Sensations associated with increased mucus production are not specific to cow’s milk, but are more likely due to physical
characteristics of some beverages.

• In rare cases asthma can occur in patients with confirmed food allergy against cow’s milk proteins.
• People with asthma are sometimes advised to abstain from the consumption of dairy products, but research shows that consumption

of milk does not significantly change various lung function parameters. In addition, limiting dairy food consumption can lead to
low intake of many nutrients, including calcium.

INTRODUCTION

Mucus is a film covering the surface of the mucous membrane of
the alimentary and respiratory tracts and protects the organism against
a variety of mechanical, thermic and chemical irritations. It is a
product of secretory epithelial cells and consists of water, mucins, a
mixture of fucose-rich glucosaminoglycans (mucopolysaccharides)
and sialic acid-rich glycoproteins, lysozyme, immunoglobulins, dif-
ferent inorganic salts, leucocytes and scaled epithelial cells [1–3].
There is a belief among some members of the public that the

consumption of milk and dairy products increases the produc-
tion of mucus in the upper and lower respiratory tracts - and
that, therefore, these foods should be removed from the diet.
There is no precise explanation for the mechanism behind this
recommendation [4, 5]. The belief can be followed back to the
Jewish physician Moses Maimonides, living in the 12th century
[6]. Traditional Chinese medicine attributes a humidifying ef-
fect in humans to an exaggerated consumption of dairy prod-
ucts - with the exception of butter - as well as chocolate, honey
and all other natural sweeteners. It is believed this humidity
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will thicken to mucus with time [7]. Since an excessive mucus
production has been documented in people with asthma, it is
not surprising that in alternative medicine these patients are
advised not to eat so-called mucus-forming foods, especially all
kinds of dairy products (milk, cheese, cream, butter) [8]. But
individuals excluding milk products from their daily diet lose
an important calcium source and a lack of this mineral may lead
to nutritional deficiency and to various health disturbances [9].

The aim of this review is to examine the available evidence
regarding the question of whether milk consumption leads to
increased mucus formation and whether milk is related to the
occurrence of asthma.

MUCUS PRODUCTION

Surveys of Dairy Consumption and Mucus

According to some Australian investigations the belief that
milk consumption stimulates mucus production is held by
approximately 30% of the population and is accordingly asso-
ciated with a 38% reduction in their liquid milk intake [10, 11].
The authors identified a milk mucus belief [12].

One study was conducted among 345 randomly-selected
Australian shoppers. They were asked about general health
perceptions of milk and knowledge about the association be-
tween milk and disease. Concerning the question of whether
consumption of whole, reduced fat and soy beverage increases
mucus, 46% of 111 whole milk drinkers, 25% of 121 reduced
fat milk drinkers and 11% of 113 soy milk drinkers agreed [13].
In another study conducted in a pediatric pulmonology office,
330 parents received a 9-question anonymous questionnaire
regarding the relationship between milk and mucus. Among
these parents 58.5% believed and 21.8% did not believe drink-
ing milk increases mucus, and 19.7% were uncertain. Of the
193 believers 58 parents got their information that milk in-
creases mucus from family members, 19 parents heard it from
pediatricians, 36 parents had it from other physicians and 5
parents from other healthcare professionals [14].

In another Australian study a questionnaire was sent to
people who were convinced that a relationship exists between
milk consumption and mucus formation (n � 70, called be-
lievers below) and to others who were not convinced of it (n �

99, non-believers). Respondents were recruited from urban
areas and from university and hospital campuses. In the first
part of this study, the authors used unstructured questions. The
subjects were asked to describe exactly what they felt or what
happened when they drank milk. The believers mentioned that
the most common site where the sensory perception appeared
after drinking milk was the throat (94.3%), followed by back of
throat (41.4%), nose (37.1%) and mouth (31.4%). The most com-
mon symptoms mentioned were clearing of the throat (52.8%),
cough (50.0%), swallow (21.4%), spit (21.4%) and catarrh
(10.0%). The terms used by the believers to describe this sensory

perception were: thick (35.7%), blocked (20.0%), clogged
(12.8%), sticky, coating, choked, heavy (each 10.0%) [12].

In another part of the survey, prompted questions were used.
Respondents were asked about specific respiratory and gastro-
intestinal symptoms experienced after drinking milk. Believers
and non-believers differed distinctly in the occurrence of symp-
toms reported. The believers reported more respiratory symp-
toms such as throat clearing, moist cough, post-nasal drip,
blocked nose and other symptoms (Table 1). The majority of
believers (63.2%) needed one glass of milk or less to experi-
ence the symptoms and most were certain that whole milk
(78.6%) and low fat milk (52.9%) caused the effect. The effect
among the believers lasted either a few minutes (12.9%), less
than an hour (31.4%) or several hours (24.3%). In an additional
trial conducted as part of this study 130 individuals completed
a “health” questionnaire. The believers (n � 45) reported more
respiratory symptoms related to hay fever, bronchitis or asthma
than the non-believers (n � 85) [12].

Experimental Studies on Dairy Consumption and
Mucus

Pinnock and Arney [15] conducted a randomised, double-
blind trial to investigate the relationship between cow’s milk
consumption and mucus formation, the so called “milk mucus”
effect. They divided 125 subjects into a milk (n � 60) or
placebo group (n � 65), of which 43 and 29, respectively,
believed that cow’s milk consumption produces mucus. These
subjects received 300 mL of cow’s milk or 300 mL of a
soy-based drink (placebo). Both drinks were ultra-heat treated
and a cocoa-peppermint flavour-combination was found to be

Table 1. Structured Interview: Percentages of Believers and
Non-Believers Experiencing Symptoms after Drinking Milk [12]

Symptom
Believers
(n � 70)

Non-
believers
(n � 99)

Significance

Throat clearing 84.3 20.2 **
Moist cough 34.3 4.0 **
Post-nasal drip 32.7 1.2 **
Blocked nose 30.0 1.0 **
Difficulty

swallowing 22.9 6.1 **
Runny nose 22.9 0 **
Other 21.4 5.1 **
Difficulty breathing 20.0 1.0 **
Sneezing 12.9 1.0 **
Dry cough 12.9 1.0 **
Watery eyes 11.4 1.0 **
Headache 4.3 0 *
Diarrhoea 4.3 0 ns
Stomach cramps 2.9 0 ns

**� significant at p � 0.01

*� significant at p � 0.05

ns � non-significant
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most effective in disguising both the mouth-feel of milk and the
after-taste of the soy drink and were used for a randomized,
double-blind trial. The subjects answered a questionnaire be-
fore they received a chilled test drink, and repeated the ques-
tionnaire five minutes after, four hours after and the following
morning. In both groups three out of 14 indicators of a milk and
mucus effect (coating over mouth, back of throat; need to
swallow a lot; saliva thicker, harder to swallow) showed sta-
tistically significant increases, but only immediately following
the test drink in both milk and placebo groups (Table 2). These
three indicators were analysed with reference to a belief in a
relationship between milk drinking and mucus formation as
well as to the assumption by the subjects that they were
drinking cow’s milk. Subjects who believed in a “milk mucus”
effect or thought the drink was milk tended to show larger,
though not significant, increases in these three indicators: in-
creases in “coating over mouth”, “swallow a lot” and “saliva
thicker”. The authors concluded that it was possible to detect an
increase in three “milk mucus” sensations by the believers after
drinking both beverages. The effect which was measured was
thus not specific to cow’s milk and was also produced by the
soy-based drink.

In an earlier study by the same researcher, 60 volunteers

aged 18 to 35 were inoculated with the common cold virus
(rhinovirus-2). Daily respiratory symptoms and milk intake
were recorded over a 10-day period. Fifty one people, who had
a cold and from whom satisfactory records of milk intake were
received, recorded nasal secretion weights and respiratory
symptoms (510 person-days of observation). Symptoms of
congestion (nasal discharge, blocked nose, loose cough, post-
nasal drip) occurred on 245 person-days. Mean weight of nasal
secretion did not increase with increasing milk intake (0–1.9,
2–3.9, �4 glasses). Milk intake was not associated with symp-
toms of cough, nose symptoms or congestion after infection
with the rhinovirus (Table 3). Considering the symptoms by
belief, “milk mucus” believers were more likely to report
symptoms. For example, believers reported dry cough on 22%
of observation days but non-believers on only 12% of obser-
vation days. This observation was not accompanied by a par-
allel increase in the more objective measure of mucus weights.
The authors summarized that in healthy adult volunteers chal-
lenged with the common cold virus, milk intake was not asso-
ciated with an increase in symptoms of congestion or nasal
secretion weight [10].

Earlier, Blumberger et al. [16] showed that drinking hot and
cold milk or hot and cold water increased the speed of saliva

Table 2. Mean Milk-Mucus Indicator Scores1,2 (Upper Part) and Significant Increases of These Scores (Lower Part) in Milk and
Placebo Groups at Baseline and after Test Drink [15]

Indicator/Symptom
Time3

Milk group (n � 60) Placebo group (n � 65)

0 1 2 3 0 1 2 3

Feeling in general 78 74 79 70 83 77 80 76
Coating over mouth 32 43 18 27 28 43 20 22
Mucousy/claggy back of throat 35 38 26 27 34 42 24 29
Cough 25 25 16 17 19 21 16 16
Clear throat 31 38 25 29 30 38 26 25
Swallow a lot 30 45 23 21 30 43 22 25
Mucus dropping down throat 22 25 20 19 23 25 16 20
Saliva thicker 13 31 12 14 11 30 13 16
Spit phlegm 22 23 17 20 15 22 17 21
Chest heavy 10 11 8 11 8 10 9 12
Nose breathing difficult 11 10 17 19 15 16 16 18
Mouth breathing difficult 4 5 4 4 5 9 6 5
Coating over mouth, back of throat �� � � �� � �
Need to swallow a lot �� � � �� � �
Saliva thicker, harder to swallow �� � � �� � �
Want to cough/spit up

phlegm/mucus* � � � � � �
Mouth breathing difficult � � � � � �
Need to clear throat � � � � � �
Mucousy/claggy at back of throat � � � � � �
Nose breathing difficult* � � � � � �

1not all indicators are shown
2for the milk-mucus score a hedonic scaling method was used: 0 � not at all, 100 � very much
3time 0, 1, 2, 3: the first questionnaire was completed for baseline measurement before milk consumption (time 0), the second after 5 min (time 1), the third after 4 h (time

2) and the fourth before breakfast on the following day (time 3)

��� significant at p � 0.01

�� significant at p � 0.05

�� non significant

*� Difference between milk and placebo groups significant at p � 0.05
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secretion by as much as twice the initial value. However, the
concentration of neuraminic acid and hexosamine, and there-
fore also the concentration of the mucopolysaccharides respon-
sible for the viscosity, decreased during drinking. In no case
could they show a clear increase in the mucus content of the
saliva after milk consumption.

The possibility that milk consumption increases the viscos-
ity or “thickness” of mucus could be explained by the fact that
consumption of an emulsion such as milk can lead to droplet
floculation after mixing with saliva. This aggregation affects
the mouth feel and other sensory aspects [17] and the sensation
may be mistaken for mucus.

ASTHMA

Bronchial asthma is a chronic inflammatory disease of the
lower respiratory tract (bronchi) and includes swelling, bron-
choconstriction, and excess mucus production. For a long time,
the consumption of milk and dairy products has been impli-
cated in the exacerbation of asthma. The origin of this view
dates back to at least the twelfth century [18, 19]. An expla-
nation for this could be the assumption that the consumption of
milk stimulates mucus production in the respiratory tract and
that increased mucus formation can result in increased airway
resistance, which in turn aggravates asthma symptoms [19]. An
association between aspiration of milk into the respiratory tract
and exacerbation and/or development of asthma has been sug-
gested [20] and in a murine model recurrent milk aspiration
leads to alterations in airway function, lung eosinophilia, and
goblet cell hyperplasia [21]. Also in a world-famous book
about baby and child care it is suggested that children should
avoid milk during respiratory illness [22]. There is a wide-
spread view that people with asthma should limit the intake of
milk and dairy products [23, 24]. However, scientific evidence
does not support an association between asthma and dairy
consumption.

Food Allergy and Asthma

Food allergy is due to immune mechanisms specific to the
food in question. In the best-established mechanism in food

allergy, food allergies are due to the presence of IgE antibodies
against the offending food, respectively to the responsible
epitope(s). Food allergens are defined as the antigenic mole-
cules giving rise to the immunological response. Non-IgE-
mediated food allergy involves food-IgG-immune complexes
or T cell-mediated reactions.

In the fourth quarter of the last century, the prevalence of
asthma worldwide increased dramatically [25]. Although there
are documented cases of asthma-like symptoms resulting from
consumption of or exposure to dairy foods in the literature
[26–32], such cases are rare. For example Bernaola et al. [28]
reported a chocolate confectionery worker who had occupa-
tional asthma with lactalbumin as the pathogenic agent. A 24
year-old man who had suffered from severe asthma, urticaria
and generalized pruritus since the age of 14 after eating milk
and dairy products, presented 15 minutes after consumption of
feta cheese with conjunctivitis and a running nose, followed by
edema and a severe asthma attack [29]. Blötzer and Wüthrich
[33] found among 87 patients with confirmed food allergy one
male adolescent with perennial asthma, who was sensitized in
the skin and RAST (IgE) test to casein, milk protein (alpha-
lactalbumin and beta-lactoglobulin) and various sorts of cheese.
A case report describes a 16-year-old boy who showed a
moderate degree of bronchial hyperreactivity (cough, bronchial
obstruction) two to three minutes after a drop of whey from a
sandwich containing fresh cheese fell onto his skin [34]. Among
34 previous non atopic adult patients (aged from 16 to 56 years; 31
females) having an IgE-mediated cow’s milk allergy (main aller-
gens were caseins followed by whey proteins), an asthma attack
was observed in two patients, one after inhalation of baby powder
containing hydrolyzed casein and one after inhalation of cow’s
milk protein-containing vapors during cooking [35]. In a cross-
sectional epidemiologic study, 4 of 1141 randomly selected young
adults had a positive skin prick test to cow’s milk. One subject
showed a probable IgE-mediated food allergy to milk, but a
relationship to current asthma, asthma and doctor-diagnosed
asthma was not detected [36].

In a study with 19 asthma sufferers and 38 control children
(average age: 9.4 years, range 1.8–16 years), poorly controlled
asthma and food allergy was found to be significant risk factors
for life-threatening asthma. Ten of the cases had a food allergy
whereof one was to milk. It was suggested that food allergy

Table 3. Mean Nasal Secretion Weight and Percentages of Symptoms of Cough, Nose or Congestion by Milk Intake [10]

Milk intake glasses Mucus weight1 g Loose cough %
Loose cough/
Total cough

Nose2 % congested3 %

0–1.9 1.32 15.5 0.58 36.9 46.0
2–3.9 0.86 18.6 0.63 37.6 52.4
� 4 1.15 15.0 0.74 37.2 43.4
Significance ns ns ns ns ns

1Nasal secretion weight
2runny/stopped-up nose
3one or more of runny, blocked nose, postnasal drip, or loose cough

ns � non significant
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might be a marker for severe asthma. Since most allergies,
particularly to egg and milk, are outgrown before the age of 5,
the persistence of food allergy suggests an increased atopic
state [37]. In a community-based cross-sectional study, 1601
young adults with and without asthma were interviewed and
tested. Of the 47 analyzed foods, whole milk was negatively
(p � 0.05) associated with current asthma, doctor-diagnosed
asthma and bronchial hyperreactivity, and butter was nega-
tively associated with doctor-diagnosed asthma and bronchial
hyperreactivity. However, ricotta, low-fat cheese and soy bev-
erage showed a partially increased risk of current asthma,
doctor-diagnosed asthma and bronchial hyperreactivity. The
authors stress that their results do not indicate cause and effect
[38]. The occurrence of food allergy-induced asthma reaction
was established in a further double-blind study. Of 300 patients
with asthma, one patient had a positive response to the milk
challenge, but developed no asthma symptoms [39].

The findings above show that cases of asthma from dairy
are relatively rare.

Survey on Dairy Consumption and Asthma

Based on the belief that mucus formation aggravates asthma
symptoms, and milk consumption increases mucus production,
asthma patients are commonly advised to reduce milk con-
sumption. However, because the data do not support this rec-
ommendation many people may be limiting their dairy food
intake unnecessarily, putting themselves at risk for shortages of
calcium and other essential nutrients. In a survey of 135 adult
asthma patients, 12% indicated that they avoid consumption of
dairy products, 16% had renounced them in the past and 36%
blamed the consumption of dairy products for having induced
asthma symptoms. Among these 135 patients answering a

“food and asthma” questionnaire, 54% declared that they re-
ceived dietary restriction advice from a “Doctor/Specialist” and
21% from a “Doctor/Specialist and a Dietetian”. The most
common restriction was dairy foods [24]. It has been shown
that calcium deficiency can occur in children who have limited
their intake of foods containing calcium because of suspected
food allergy [40–42].

In the above-mentioned study among 345 Australian shop-
pers, 20% of whole milk drinkers, 8% of reduced fat milk
drinkers and 5% of soy milk drinkers indicated that consump-
tion of the whole, reduced fat and soy beverage caused asthma
whereas 20, 26 and 18% respectively gave the answer “don’t
know” [13]. In a prospective birth cohort study (natural history
study in which no intervention took place; the so-called
PIAMA [Prevention and Incidence of Asthma and Mite Al-
lergy] study), 2978 children (age: 3 years) showed a lower
prevalence of recent asthma symptoms when they consumed
full cream milk and butter daily at the age of 3 than those who
did not. The results of this study are summarized in Table 4
[43]. In Saudi Arabia, children (age: 12 years) with a history of
asthma and wheezing consumed significantly less milk than
controls [44]. In addition, there are some indications that milk
drinking may possibly protect the respiratory epithelium [45].

Experimental Studies on Dairy Consumption and
Asthma

In 1991 Haas et al. [19] could not find any indication in the
scientific literature that milk consumption aggravated the symp-
toms of patients with asthma. Hence, they gave 11 asthmatic
subjects (23 to 58 years) and 11 non-asthmatic subjects (22 to 50
years) each approximately 450 mL of whole milk, skim milk or
water. The forced expiratory volume in 1 second (FEV1)* and the

*Different parameters of the lung function are measured with a spirometer: vital capacity � maximum volume expelled after maximum inspiration. Forced expiratory
volume in 1 second (FEV1) � volume of air that can be forced out in one second after taking a deep breath, also given as percentage of forced vital capacity. Forced vital
capacity (FVC) � maximum volume of air which can be expired as quickly and forcibly as possible after maximum inspiration.

Table 4. Relationship Between Consumption of Dairy Products and Prevalence of Asthma and Wheeze in Pre-School Children
(Adjusted Model) [43]

“Ever asthma”
(n � 195)

Recent asthma
(n � 145)

Recent wheeze
(n � 442)

Full cream milk daily 0.54a 0.53a 0.81
Full cream milk regularly 0.83 0.73 0.87
Butter daily 0.42 0.25a 0.49a

Butter regularly 0.97 0.73 1.12
Milk products daily 0.74 0.82 0.68b

Semi-skimmed milk daily 0.83 0.75 0.99
Semi-skimmed milk regularly 1.07 0.72 1.05
Margarine daily 0.94 0.82 0.96
Margarine regularly 1.03 0.87 0.96
Breast-fed � 8 weeks 0.69a 0.63a 0.62b

Values are presented as odds ratio
ap � 0.05 bp � 0.01

Milk, Mucus and Asthma

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 551S



airflow at 50% of vital capacity were not significantly changed in
either group after consumption of whole milk, skim milk and
water. However, in the asthmatic group, the pulmonary diffusing
capacity was reduced by 21.0 � 3.2% three hours after consump-
tion of whole milk whereas a statistically non-significant reduction
of 9.6 � 2.4% was reached after skim milk consumption and of
10.0 � 4.0% after water intake. In non-asthmatic subjects the
maximum reductions amounted to 9.0 � 2.7 (whole milk), 8.9 �

5.3 (skim milk) and 6.6 � 4.0% (water). According to these
authors [19], the differences can be explained by the highly spec-
ulative mechanism that milk lipids may alter pulmonary gas ex-
change in asthmatic persons mediated by prostaglandins.

In a prospective, randomized, double-blind, placebo-con-
trolled crossover study, 25 asthma patients who were neither
allergic to cows’ milk nor lactose intolerant were randomly
assigned to ingest milk (10 g of whole milk powder dissolved
in 60 mL placebo) or placebo (60 mL of strawberry-flavoured
mocha mix). Some changes in the parameters FEV1 or FEV1/
FVC were measured 30 minutes, 60 minutes and 7 hours after
consumption (Table 5). However, no clinically significant de-
crease occurred. This author defined a clinically significant
decrease as a decrease in FEV1 or FEV1/FVC of � 20% [46].
Further investigations were conducted by Woods et al. [47] in
a randomized, cross-over, double-blind, placebo-controlled
trial on 20 asthmatic adults (aged 18 to 65 years) with no
positive skin prick test to cows’ milk. Ten of them reported that
their asthma worsened after the consumption of dairy products.
All subjects received either 300 mL of cows’ milk or of a
placebo (rice milk) (both products were ultra-heat treated and
supplemented with sugar, decaffeinated coffee, citric acid and
the placebo with rice syrup). The mean group data of FEV1 and
peak expiratory flow (PEF) were not statistically significant
between the dairy challenge and the placebo (treatment effects),
between the sequence of administration (period or order ef-
fects), or between positive and negative perceivers (perception
effects). None of the subjects reported an increase in cough or
sputum production after the dairy challenge. No significant

treatment effects were found for the group as a whole. On an
individual basis, nine subjects had a decline in ventilatory
function greater than 15% from baseline after one or both
challenges, which is defined as a “likely positive” challenge
(Table 6). The authors concluded that they were unable to
demonstrate convincingly that the consumption of milk in-
duced a bronchoconstrictor effect in a group of adult subjects
with asthma.

Influence of a Change of Dairy Nutrition on
Asthma

In a double-blind crossover design, 15 adult patients with
moderate asthma received twice daily 225 g yogurt with or
without Lactobacillus acidophilus. The study tested the hy-
pothesis that the consumption of yoghurt containing living
lactic acid bacteria leads to some clinical benefits such as
improved immune and clinical responses. The experiment was
conducted over two 1 month-phases. Among the immune and
clinical parameters measured, interferon gamma increased, but
the mean daily peak flow did not show any difference and the
spirometric values did not change [48].

In a single blind prospective study, 22 children with asthma
(13 in the experimental and 9 in the control group; age between
3 and 14 years) received an egg- and milk-free diet for eight
weeks. After this period the children of the experimental group
exhibited distinctly decreased IgG-antibody-concentrations to-
ward ovalbumin and �-lactoglobulin. In 5 children of the
experimental group the PEF rate was notedly increased com-
pared to the findings in 5 children on the control group. Based
on these results lung function in asthmatic children seem im-
provable by eliminating egg and milk from the diet [49].
However, the findings have to be confirmed in a trial with more
subjects before such a diet restriction can be recommended for
the management of asthma in children.

Table 5. Baseline Values and Mean Changes in Forced Expiratory Volume in 1 Second (FEV1) and FEV1/Forced Vital Capacity
(FVC) in a Double-Blind, Placebo-Controlled Study of Reaction to Cow’s Milk in Non-Cow’s-Milk-Sensitive Asthmatic Patients
[46]

Challenge type
0 h
x

sx 30 min. % 1 h % 7 h %

FEV1 L
Cow’s milk 2.86 0.71 �0.09 3.3* �0.05 1.8 0.04 1.8
Placebo 2.85 0.69 �0.02 0.8 �0.07 2.8 �0.01 0.6

FEV1/FVC %
Cow’s milk 81.4 6.6 �2.32 2.7* �0.68 0.7 0.12 0.3
Placebo 81.8 7.0 �1.44 1.7 �1.44 1.7 �0.68 0.7

* � statistically significant in comparison to baseline value (0 h)

On each challenge day, spirometry was done at baseline (0 h) (effective values), 30 min, 1 h and 7 h after challenge (indicated as effective and percent changes against

the initial values)
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CONCLUSION

The belief that milk consumption leads to an increased
mucus production is present among some members of the
public. The following conclusions can be drawn from the
results of the different investigations: People who believe that
milk increases mucus formation are more likely to report
changes in sensory perceptions related to mucus after drinking
milk than those who do not hold the same belief. In a double
blind trial, symptoms of increased mucus formation were de-
tected by healthy adults after consumption of both cow’s milk
and a non-milk beverage with similar sensory properties. Fur-
thermore, persons who were convinced of mucus formation due
to milk consumption showed more respiratory symptoms. It is
possible that aggregation after mixing of an emulsion such as
milk with saliva can partly explain this sensation.

Recommendations to abstain from dairy products due to the
belief that they induce symptoms of asthma are not supported
by the body of research evidence on the relationship between
dairy consumption and occurrence of asthma. Furthermore, in
general, there is no evidence to explain an underlying mecha-
nism linking dairy and asthma. Therefore, people with asthma
do not need to avoid the consumption of dairy products to
control symptoms. There have been a few documented cases in
which humans with an IgE-mediated cow’s milk allergy pre-
sented with asthma symptoms, but these do not apply to most

people with asthma. Milk and milk products are the main
source of calcium in the diet, and they contain eight additional
essential nutrients. Needless avoidance of dairy products can
lead to limited intakes of these essential nutrients.
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Dairy Product Consumption and the Risk of Breast
Cancer
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It has been suggested in some reports that dairy product consumption may increase the risk of breast cancer.
This review gives a brief overview of the etiology of breast cancer and in particular the roles of fat, bovine
growth hormone, insulin-like growth factor-1 and estrogens. Evidence from animal studies and epidemiology
does not support a role for fat in the etiology of breast cancer. The daily intake of insulin-like growth factor-1
and biologically active estrogens from dairy products is minute in comparison to the daily endogenous secretion
of these factors in women, whereas bovine growth hormone is biologically inactive in humans. On the other
hand, milk contains rumenic acid, vaccenic acid, branched chain fatty acids, butyric acid, cysteine-rich whey
proteins, calcium and vitamin D; components, which have the potential to help prevent breast cancer. Evidence
from more than 40 case-control studies and 12 cohort studies does not support an association between dairy
product consumption and the risk of breast cancer.

Key teaching points:

• The etiology of breast cancer is still largely undetermined. A women’s reproductive history provides the most consistent evidence
for risk, but the relative risk for most risk factors is close to the null value of 1.

• More than 40 case-control and 12 cohort studies do not suggest that dairy product consumption is associated with the risk of breast cancer.
• It has been suggested by some researchers that dairy products may increase the risk of breast cancer due to their content of fat,

insulin-like growth factor-1, estrogens or growth hormone. However, the available evidence does not support this association.
• Animal studies and epidemiology do not suggest a role for fat in the etiology of breast cancer. Bovine growth hormone is

biologically inactive in humans. Daily intake of insulin-like growth factor-1 and biologically active estrogens is insignificant
compared to daily endogenous secretion in women.

• Milk contains rumenic, vaccenic, butyric and branched chain fatty acids, whey protein, calcium and vitamin D, which have the
potential to protect against breast cancer.

INTRODUCTION

Breast cancer is the most common - and most feared -
malignancy in women living in developed countries, and is
second only to lung cancer as a cause of cancer death. There is
large international variation in breast cancer rates. In developed
countries the age-standardized incidence rates are around 100/
100,000 women with mortality rates about 25/100,000. These
rates are up to 5-fold higher than those reported from Asian
regions, which have the lowest incidence of breast cancer [1].
Breast cancer is rarely found before the age of 25 years. Thereaf-
ter, the incidence increases with age until menopause when the

rate of increase is less pronounced. About three-quarters of diag-
nosed cases are in postmenopausal women [2–7].

Despite extensive research to find the cause of breast cancer
the etiology is largely undetermined. It is estimated that around
75% of women who present with this malignancy have no
established risk factors other than age and living in a western
society [2]. When women migrate from a region of low inci-
dence for breast cancer to one with a high incidence their risk
does not immediately assume the rate in the host country.
However, the risk in their descendants approaches that of their
adopted country after two to three generations, which indicates
that environmental factors are of greater importance than genetic
factors [4,5,8,9]. Nevertheless, breast cancer is known to cluster in
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families and having a first-degree relative (mother, sister, daugh-
ter) with breast cancer, especially at a young age, can double the
risk of developing this cancer. Two high-penetrant genes, BRCA1
and BRCA2 account for the majority of inherited breast cancer,
however, mutations in these and other low-penetrant susceptibility
genes account for less than 5 to 10% of breast cancer cases [5,10].

From the mass of epidemiological data generated over the
years, characteristics of a woman’s reproductive history pro-
vide the most consistent evidence for the risk of breast cancer.
Early onset of menarche, a late menopause, delayed childbirth,
nulliparity and low cumulative lactation time all increase the
risk of breast cancer [2,4,5]. It is believed these factors reflect
a longer lifetime exposure to endogenous steroid hormones.
This is supported by observations that women with bilateral
oophorectomy at an early age have a decreased risk of breast
cancer compared with women who had a natural menopause
[4,11]. Further, there is a small increase in risk of breast cancer
associated with long-term use of oral contraceptives and hor-
mone replacement therapy (HRT) [3–5]. However, most of
these risk factors are weak and the relative risk (RR) or odds
ratio (OR), indices used to indicate the strength of risk, are
seldom much greater than the null value of 1 [11].

A number of other important, although minor, risk factors
have been noted. Women exposed to excessive levels of radi-
ation, especially at a young age, are at increased risk of breast
cancer [5,12]. Increased mammographic breast density is asso-
ciated with increased risk [5,13]. Obesity is associated with a
decreased risk of breast cancer in premenopausal women and
an increased risk in postmenopausal women [4,11,14]. Physical
activity decreases risk [4,5]. Height is a risk factor [4], and risk
increases with increasing birth weight [15]. Most of this group
of risk factors may influence or be influenced by steroid hor-
mones. Although the role of diet in the etiology of breast cancer
has been studied extensively there is no clear indication that
any dietary item, apart from alcohol, is associated with breast
cancer risk [16].

Special interest groups, media articles, books and some
scientific papers have suggested that dairy product consump-
tion can increase the risk of developing breast cancer. The
rationale for this claim is that dairy products are a source of fat,
including saturated fatty acids; insulin-like growth factor, a
mitogen; estrogenic hormones, which are weak carcinogens
and mutagens, and growth hormone [17–20]. The validity of
these assertions is now examined.

DAIRY PRODUCT CONSUMPTION
AND BREAST CANCER RISK:
EPIDEMIOLOGY

Some 41 case-control studies together with 12 cohort and
case-control studies nested within cohort studies have deter-
mined the associations between total dairy product or specific
dairy item consumption and the risk of breast cancer. Knekt and

Jarvinen [21] give a description and results of studies published
up to 1998, and summarize in table form the strength of
association for the various studies. As part of a meta-analysis
on dietary fat and breast cancer risk, Boyd et al. [22] included
two dairy categories, milk (16 studies) and cheese (12 studies),
which showed ORs with associated 95% confidence intervals
(CIs) of 1.12 (0.88–1.43) and 1.26 (0.96–1.66), respectively.
Missmer et al. [23] conducted a pooled analysis of primary data
from eight large prospective studies as part of the Pooling
Project of Prospective Studies of Diet and Cancer. No relation
was found with dairy products analyzed as total dairy fluids,
total dairy solids, ten sub-groups, or seven specific dairy foods
and the risk of breast cancer.

Recently, Moorman and Terry [24] summarized the results
of ten cohort and 36 case-control studies that evaluated the
association between dairy product consumption and breast can-
cer risk. They concluded that the available epidemiological
evidence dose not support a strong association between the
consumption of milk or other dairy products and the risk of
breast cancer. Since this report [24] results have appeared for
two case-control studies and two cohort studies. One case-
control study found a significant negative association between
high milk intake and breast cancer risk [25]. The other study
[26] found a significant negative association between a high
intake of total dairy and low-fat dairy intake and the risk of
breast cancer, but high-fat dairy consumption was nonsignifi-
cantly associated with risk. In the Nurses’ Health Study II [27]
women with a high consumption of low-fat dairy products
during their premenopausal years had a nonsignificant negative
association with breast cancer risk. However, total dairy intake
was nonsignificantly associated, and high-fat dairy intake was
positively associated with risk. The other cohort study [28]
assessed the risk of adolescent diet and the risk of breast cancer
and will be discussed separately.

Adolescent Diet and the Risk of Breast Cancer

Exposure to initiating events during childhood, adolescence
and early adulthood, when the mammary gland is attaining
adult-stage morphology, may influence the risk of breast cancer
in later life. Indeed, several studies show that the risk of breast
cancer associated with alcohol consumption and cigarette
smoking increases with decreasing age at which exposure to
these practices commenced [29]. For women treated with high
doses of ionising radiation for tuberculosis, acute postpartum
mastitis, enlarged thymus and Hodgkin’s disease, the risk of
breast cancer increased with decreasing age at exposure [12].
Long-term follow-up studies of the incidence of breast cancer
among atomic bomb survivors from Hiroshima and Nagasaki
also show increased risk with decreasing age at exposure [12].

Three cohort and four case-control studies have examined
the consumption of dairy products during adolescence and the
subsequent risk of breast cancer. The results of these studies are
presented in Table 1. Of the 12 associations listed, ten showed a
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negative association between intake of dairy products and the risk
of breast cancer, but only one achieved statistical significance.

FAT, FAT TYPE AND BREAST
CANCER RISK

For many years it was considered that fat intake provided
the strongest dietary link with breast cancer risk. This belief
was based largely on two lines of evidence; strong correlation
between per capita consumption of fat and breast cancer mor-
tality in international comparison studies; and animal experi-
ments that showed a high fat diet increased the incidence of
chemically induced mammary tumors [16].

It is now realized that in cancer studies there is an interre-
lationship between dietary fat and calories. In studies using
rodent models of carcinogenesis in which the effects of calorie
intake were separated from those of the fat content, the fat
content of the diet did not significantly influence tumor devel-
opment. On the other hand, calorie restriction inhibited tumor
development [30,31]. Because fat intake is highly correlated
with energy intake it is essential to adjust for energy intake in
epidemiological studies that assess associations between di-
etary fat intake and the risk of breast cancer.

Most international comparison (ecologic) studies show
strong positive correlation between per capita fat consumption
and mortality from breast cancer [32,33]. Ecological studies are
a poor format for determining causality. Dietary information
based on national food disappearance data is a poor reflection
of individual consumption and tells nothing about the diets of
individuals who develop cancer and those who do not. Other
dietary, environmental and reproductive patterns can vary

widely between countries, and are not adjusted for in this type
of study [34].

Within-population epidemiological studies can avoid much
of the confounding found in ecological studies. Goodwin and
Boyd [35] reviewed the published results from 14 case-control
studies that examined the relationship between the intake of
total fat or fat containing foods and the risk of breast cancer.
Eight studies examined the relationship between total fat intake
and breast cancer risk. Only one study found a statistically
significant positive association. Results were inconsistent in the
six studies that examined the risk for various fat containing
foods. Howe et al. [36] conducted a pooled analysis of the
original data from 12 case-control studies of diet and breast
cancer that represented 4427 cases. The RR for the highest vs.
lowest quintile of total fat was 1.13 (non-significant) for pre-
menopausal women and 1.48 (significant) for postmenopausal
women. This analysis did not include the then largest study of
2024 cases [37], or a subsequent study with 2564 cases [38],
both of which did not find an association between fat intake and
the risk of breast cancer.

The accuracy of associations generated by case-control
studies can be affected by dietary measurement error due to
unreliable nutrient databases, inaccurate assessment of past
diet, and dietary recall bias by subjects who have breast cancer.
Inappropriate selection of control subjects can also introduce
bias [34]. Prospective (cohort) studies largely overcome these
biases, because diet is assessed before cancer diagnosis, and at
a time closer to its initiation. In addition, control subjects
belong to the same community as cases [34].

Hunter et al. [39] conducted a collaborative-pooled analysis
of original data from seven large prospective studies published
up to 1995 that represented 4980 cases. The analysis found no

Table 1. Summary of Data from Cohort and Case-Control Studies Evaluating the Association between Adolescent Dairy Product
Intake and The Subsequent Risk of Breast Cancer

Study Cases
Controls or
cohort size

Menopausal status at
diagnosis

Product evaluated
Results OR1 or
RR1 (95% Cl2)

COHORT
Frazier et al. [28] 361 47,355 94.8% premenopausal Total dairy (less butter) 0.83 (0.56–1.24)

High-fat dairy 1.11(0.76–1.62)
Low-fat dairy 0.88 (0.60–1.29)

Shin et al. [139] 327 �3 Premenopausal Milk 0.81 (0.51–1.28)
1509 �3 Postmenopausal Milk 1.02 (0.82–1.26)

Hjartaker et al. [140] 317 48,844 Premenopausal Milk 0.64 (0.22–1.87)
CASE-CONTROL
Shu et al. [141] 1459 1556 Mixed Milk 0.76 (0.59–0.98)
Potischman et al. [142] 1647 1501 Premenopausal Dairy products 0.98 (0.8–1.2)
Pryor et al. [143] 99 101 Premenopausal Milk fat 0.4 (0.1–1.1)

70 88 Postmenopausal Milk fat 0.2 (0.0–0.8)
Hislop et al. [114] 263 306 Premenopausal Whole milk 0.71 (0.40–1.27)

392 435 Postmenopausal Whole milk 0.75 (0.49–1.13)
1Odds ratio or relative risk for the highest category of intake vrs.the lowest. The fully adjusted models are presented.
2Confidence interval.
3Not given in text.
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evidence of an association between the intake of cholesterol or
total, saturated, monounsaturated or polyunsaturated fat and the
risk of breast cancer. There was no reduction in risk among
women whose energy intake from fat was less than 20% of total
energy intake. What is more, for the small number of women
reporting less than 15% of energy from fat, the risk of breast
cancer increased more than two-fold. A follow-up pooled anal-
ysis by Smith-Warner et al. [40], with 7,329 cases, confirmed
the lack of association between total fat, fat class or animal or
vegetable fat intake and the risk of breast cancer. In addition,
no survival advantage was found for consumption of a low fat
diet or type of fat, after diagnosis of breast cancer in partici-
pants from the Nurses’ Health Study [41]. High correlations
between various dietary fatty acids in epidemiological studies
reduce the ability to detect an independent association with
cancer risk. Nevertheless, there is no convincing evidence from
epidemiological studies that any individual fatty acid is asso-
ciated with the risk of breast cancer [42].

Of the dietary items thought to protect against breast cancer,
fruit and vegetables and fiber have received the most attention.
However, a pooled analysis of cohort studies suggests that fruit
and vegetable consumption, at least during adulthood, is not
significantly associated with reduced breast cancer risk [43].
Likewise, evidence from well-conducted epidemiological stud-
ies does not suggest a protective effect for dietary fiber [16]. In
contrast, there is consistent epidemiological evidence that al-
cohol consumption is positively associated with breast cancer
risk [16]. Overall, there is no convincing evidence that fat
intake is associated with the risk of breast cancer. The RRs and
related confidence intervals associated with nearly all dietary
items in the epidemiological studies are close to the null value
of 1. This suggests that diet does not play an important role in
the etiology of breast cancer.

INSULIN-LIKE GROWTH FACTOR
AND BREAST CANCER

The Insulin-Like Growth Factor System

Insulin-like growth factors (IGFs) belong to a larger family
of insulin related peptides, which include insulin, IGF-1 and
IGF-2. Together with binding proteins, binding protein pro-
teases and receptors they form the IGF system. IGFs are mi-
togens that play an important function in almost every organ of
the body, where they regulate cell proliferation, differentiation
and apoptosis [44, 45]. IGFs, particularly IGF-1, are required
for normal mammary gland development, but it is also impli-
cated in breast cancer development [46,47]. IGF-1 exerts its
biological actions by interacting with a specific type 1 IGF-1
receptor (IGF-IR) associated with the cell membrane [45,46].
The bioactivity of IGF-1 depends on complex physiological
regulation. Only a small portion circulates in the free form; the
remainder is regulated by a series of six IGF-binding proteins

(IGFBP-1 through IGFBP-6), which have a somewhat stronger
affinity for IGF-1 than the receptor. More than 90% of serum
IGF-1 is bound in a ternary complex with IGFBP-3 and an
acid-labile subunit (ALS). This complex cannot leave the cir-
culation and serves to both increase the half-life of IGF-1 and
at the same time inhibit its mitogenic effect. The presence of
IGFBP proteases in tissues can cleave the binding protein and
liberate free IGF-1 [44,45,47–49]. IGFBP-3 can also modulate
the IGF-1 signaling pathway independently of its IGF-1-bind-
ing ability. In mammary tissue, IGFBP-3 may interact with its
own membrane receptor to inhibit growth, induce apoptosis and
mediate cell growth arrest induced by other molecules [47–50].

Most IGF-1 and IGFBPs are produced in the liver under
control of growth hormone, and levels can be influenced by
nutritional factors. Non-hepatic tissues can also produce IGF-1
and IGFBP-3, where they exert autocrine and paracrine effects
[44,45]. In the breast, IGF-1 is expressed in stromal cells
adjacent to normal or malignant epithelial cells. The extent to
which circulating versus endogenously produced IGF-1 is im-
portant for mammary gland development and in tumorigenesis
is still to be resolved [46,51,52].

Determinants of Circulating IGF-1 and IGFBP-3
Levels

Serum IGF-1 levels are low at birth, rise during childhood
and reach a peak at puberty. Thereafter, values decline with
age. The age-specific distribution of IGFBP-3 and ALS is
similar to the distribution for IGF-1 [44,47,53]. There is con-
siderable heterogeneity in adult serum IGF-1 levels, with a
range of 80 to 425 �g/L [53], however, an individual’s circu-
lating level of IGF-1 and IGFBP-3 is relatively constant. This-
sen et al. [54] and Yu and Rohan [47] have reviewed the
determinants of circulating IGF and IGFBPs. The most consis-
tent determinant of IGF-1 levels is dietary protein. Levels are
markedly lowered by severe protein and energy restriction,
with essential amino acid deficiency having a severe depressive
effect. Over nutrition has the opposite effect, but not to the
same extent as under nutrition. There have been few studies on
dietary micro- and macronutrients, and the results are conflict-
ing. Associations between serum IGF-1 levels and other fac-
tors, such as physical activity, energy intake within normal
limits, smoking, BMI and anthropometric indices have pro-
vided divergent results [47,54].

Epidemiological Studies

Many epidemiological studies have examined the associa-
tion between circulating levels of IGF-1 and IGFBP-3 and the
risk of breast cancer. Recently, three meta-analyses of these
studies, using different exclusion criteria, were published [55–
57]. Overall, there was a marginally significant association
between high levels of circulating IGF-1 and increased risk of
breast cancer in premenopausal women, but not in postmeno-
pausal women. Surprisingly, there was no protective effect for
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IGFBP-3, and high levels were associated with a marginally
increased risk of premenopausal breast cancer.

Breast cancer cells can produce IGF-1 [46,47,58]. Also,
because breast cancer cells secrete IGFBP-3 proteases, this can
alter circulating levels of free IGF-1 without increasing its
production [59], and breast cancer tissue exhibits higher
IGF-1R levels than adjacent normal tissue [44,46,47]. An in-
teresting sequential serum IGF-1 study was conducted in a
nested case-control of prostate cancer, a hormone-related epi-
thelial malignancy with a common pathogenic framework to
breast cancer. In the prostate cancer cases serum IGF-1 levels
were significantly higher at the time of diagnosis than in
previous samples drawn 2 to 5 years before diagnosis [60].
Thus elevated IGF-1 levels in breast cancer patients may be a
marker of, rather than a cause of the disease. Further, the
positive association between serum IGFBP-3 levels and the risk
of breast cancer may be a consequence of the production of
IGFBP-3 by breast cancer cells [61].

IGF-1 in Milk

The IGF-1 content of bovine milk varies with the stage of
lactation. A recent study showed colostrum had a level of
300ng/mL and the content dropped to 7ng/mL at 1 week
postpartum. Thereafter the levels dropped further to below
2ng/mL. IGFBP-3, which inhibits the mitogenic effect of
IGF-1, is by far the most abundant binding protein in milk and
content varies throughout lactation in a manner similar to
IGF-1 [62]. At any given stage of lactation, IGF-1 levels can
vary widely between cows due to many factors including parity
and farm practise [63]. The level of IGF-1 in milk is not
affected by pasteurisation [64].

Milk IGF-1 and Breast Cancer

Because milk contains IGF-1, which has an identical amino
acid sequence to human IGF-1 [65], it has been suggested its
consumption may be linked to breast cancer [17,18]. The
evidence presented to justify this connection does not stand up
to serious scientific scrutiny. Firstly, the amount of IGF-1
consumed daily from milk products is minute compared to
endogenous production. Based on a milk content of 4ng/mL,
milk product consumption equivalent to 1.5L milk/day would
contribute 6,000ng IGF-1 to the gastrointestinal tract. The
gastrointestinal tract also receives considerable exogenous
IGF-1 from saliva, biliary fluid, pancreatic juice and secretions
from the intestinal mucosa, estimated to total 380,000ng/day
[66,67]. In addition, it is estimated that in adults the liver and
extra-hepatic tissues produce 107ng IGF-1/day [68]. Thus,
milk-derived IGF-1 would contribute less than 0.06% of total
daily IGF-1 production if it escaped proteolysis during intesti-
nal passage, and was absorbed by the intestine and passed to the
circulation. This is unlikely, as considerable, if not total, di-
gestion of IGF-1 should take place in the small intestine [69].

Studies cited to justify absorption of IGF-1 from the intes-
tine [17] used suckling rats. This is an inappropriate model,
because neonates do not have a fully developed protease/
peptidase system and intestinal closure has not occurred, which
allows enhanced permeability of macromolecules. Even so,
evidence from neonatal animal studies suggests that feeding
IGF-1 results in negligible intestinal absorption [70]. Of greater
significance, recent studies that fed human adults up to 60g/d of
a concentrated bovine colostrum protein powder for up to 8
weeks did not find an increase in serum IGF-1 levels [71–73].
These studies provide compelling evidence that IGF-1 in dairy
products is not implicated in the etiology of breast cancer.

Diet and Serum IGF-1 Levels

In an oft-cited study by Heaney et al. [74], subjects with
habitual low dairy product consumption consumed their usual
diet or their usual diet plus three servings of dairy per day.
After 12 weeks serum IGF-1 levels increased by 12% in the
milk drinkers, and decreased by 2% in the non-milk drinkers.
However, the increase in IGF-1 levels in milk drinkers was
accompanied by an increase in total protein intake and energy
compared to non-milk drinkers. Total energy intake and protein
consumption are the major determinants of circulating IGF-1
[47–54]. In a nested case-control study from the Physician’s
Health Study there was a modest increase in serum IGF-1
levels with increasing skim or low-fat milk consumption. Non-
significant increases were found for poultry and fish consump-
tion [75]. In a randomised double blind study, healthy men
consumed 40g of soy protein (often associated with protection
from breast cancer) or milk protein daily for 3 months. Serum
IGF-1 levels increased from baseline with both protein supple-
ments, but were significantly higher only for soy protein [76].
Animal studies suggest that the essential amino acid content of
dietary protein may be the important determinant for IGF-1
level [77].

SEX HORMONES AND BREAST
CANCER

Established risk factors for breast cancer are predominantly
associated with a woman’s reproductive history, which sug-
gests they are markers for exposure to endogenous ovarian
hormones, the estrogens and progestins [3,14]. Support for the
concept that cumulative exposure to estrogens is a major de-
terminant of breast cancer risk comes from several epidemio-
logical studies and clinical observations. Women with bilateral
oophorectomy have a lower risk of breast cancer than women
who have a natural menopause. The younger the age of oopho-
rectomy, the lower the risk [3,4,11]. The antiestrogenic drug
tamoxifen is successful in the prevention and treatment of
breast cancer, especially in women with estrogen receptor (ER)
positive tumours [78]. In addition, aromatase inhibitors, which
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prevent the aromatase enzyme catalysing the final step in
estrogen biosynthesis, are also successful in the prevention and
treatment of breast cancer [79].

Use of oral contraceptives slightly increases the risk of
breast cancer in young women. The risk increases with increas-
ing duration of use, and after age 45 years. [3–5,80] Epidemi-
ological studies show there is a modest increase in risk of breast
cancer associated with hormone replacement therapy (HRT).
Combined estrogen and progestogen use appears to be related
to a higher risk for breast cancer than estrogen alone. Overall,
the risk associated with HRT use for a year is comparable to
delayed menopause for the same period of time. Risk is higher
for long-term users, but risk falls when use ceases [3,81,82].

Estrogens as Carcinogens

A number of lines of evidence suggest that estradiol, the
most potent estrogen, is a weak carcinogen and mutagen,
although the molecular mechanisms are still incompletely un-
derstood [83–85]. Estrogens function in cells by diffusing
passively through cell membranes binding to nuclear ERs and
stimulating transcription of genes involved in cell proliferation.
This increases the opportunity for accumulation of DNA dam-
age that may lead to carcinogenesis. There is also accumulating
evidence that estradiol can be metabolised to genotoxic com-
pounds like 16�-hydroxy estradiol and the catechol estrogen
quinones that directly damage DNA [83,85]. Estrogens act in
concert and interact synergistically with elements of the IGF-1
axis. In breast cancer cells estrogens induce the expression of
IGF-1 and enhance its mitogenic effect. Estrogens stimulate
production of IGF-1Rs, repress synthesis of IGFBP-3 and in-
crease the synthesis of cathepsin D, an IGFBP-3 protease.
[47,86,87].

Serum Sex Hormone Level and Breast Cancer Risk

Because of the important role for sex hormones in the
etiology of breast cancer, numerous studies have investigated
the association between circulating sex hormone levels, partic-
ularly estradiol, and the risk of breast cancer. The physiologi-
cally significant estrogens in order of potency are estradiol
(17�-estradiol), estrone and estriol in a ratio of about 100:10:4.
Most circulating estradiol is bound to plasma proteins, sex
hormone-binding globulin (SHBG) or albumin, which renders
them biologically inactive [14].

Premenopausal Women. Key [88] lists four prospective
studies that reported on estrogens and breast cancer in pre-
menopausal women. Together, they do not suggest that a higher
level of serum estradiol is associated with an increased risk of
breast cancer. However, a single blood sample may not repre-
sent a woman’s habitual hormone status because of large vari-
ation in hormone level during the menstrual cycle. Estradiol
level varies from 6ng/100mL in the early follicular phase to 33
to 70ng/100mL in the late follicular phase, and a value around
20ng/100mL in the mid luteal phase [89].

Postmenopausal Women. About three-quarters of diag-
nosed breast cancer occurs in postmenopausal women. After
menopause ovarian estrogen production ceases and the major
circulating estrogen is estrone (30pg/mL), which is formed by
aromatization of the steroid hormone androstenedione in pe-
ripheral tissues, primarily adipose tissue. Some estrone, in turn,
is metabolized to estradiol (15pg/mL) [14,90].

The Endogenous Hormones and Breast Cancer Collabora-
tive Group [91] conducted a pooled analysis of the original data
from nine prospective studies. In postmenopausal women they
found a statistically significant increase in the risk of breast
cancer with increasing concentrations of all sex hormones
examined. Interestingly, the association between the different
levels of estrogens and breast cancer risk was stronger in never
uses of HRT than users.

Determinants of Serum Estrogen Levels

Overweight, obese and sedentary postmenopausal women
have elevated concentrations of circulating estrogens, and
lower concentrations of SHBG [14,92]. Exercise can reduce
serum estrogen and increase SHBG levels, but the effect is
dependent on loss of body fat [92]. There is no clear association
between obesity and estrogen levels in premenopausal women
[14]. Many studies have investigated the role of diet on serum
estrogen levels, but the results are inconclusive [14]. A rela-
tionship between dietary fat and serum estrogen levels is un-
clear [14,34]. Dietary fiber intake may be inversely related to
concentrations of serum estrogen [14].

Estrogen Metabolism in Breast Tissue

Are high circulating levels of estrogens a cause of breast
cancer, or a correlate, or a consequence of the disease? There is
no simple linear relationship between serum levels and tissue
concentrations of estrogens [93,94]. The levels of estradiol in
normal and malignant breast tissue are similar for both pre-
menopausal and postmenopausal women, even though serum
estrogen levels are up to 50-fold lower in postmenopausal
women [93,95,96]. However, estradiol levels are significantly
higher in breast cancer tissue than in normal tissue for both
premenopausal and postmenopausal women [93]. Levels of
estrone sulphate, the major form of circulating estrogen in
postmenopausal women, were significantly higher in their
breast tumors than in those of premenopausal women [94].

The concentration of estrogens in breast tissue is far higher
than in circulating plasma [94,97,98], which suggests that local
production of estrogens in breast tissue is far more important
than uptake of estrogens from the circulation [85,99]. Breast
tissue contains all the enzymes necessary to synthesize the
biologically active estradiol from circulating precursors.
Firstly, aromatase, which converts androstenedione to estrone;
secondly, estrone sulfatase that hydrolyses biologically inactive
estrone sulphate to estrone; and thirdly 17�-hydroxysteroid
dehydrogenase, which reduces the weakly bioactive estrone to
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estradiol [85]. Human breast cancer cells can adapt to a depri-
vation in estradiol stimulation by developing enhanced estro-
gen sensitivity to the residual levels of estradiol present [100]
or to the precursors of estrogen by increasing the levels of
estrogen synthesizing enzymes [96].

Contribution of Milk Estrogens to Circulating
Levels in Women

Steroid hormones are widely distributed in the animal and
vegetable products we consume [101]. Milk contains estrone
and estradiol, but the concentration varies considerably during
the estrous cycle and during pregnancy, especially in estrone
sulfate [102,103].

As part of a German market basket survey Hartman et al.
[101] purchased samples of dairy products and determined their
content of estrone and estradiol. Based on previously published
national nutritional data they calculated that a woman would
consume about 0.05�g/day of estrogens from dairy products,
with about 90% represented by the weakly bioactive estrone.
These estrogens are largely conjugated and a large proportion
of injested hormones are inactivated by the first-pass effect of
the liver [101]. In contrast, during the late follicular phase
of the menstrual cycle a woman produces up to 1mg/day of
estradiol and 0.7 mg/day of estrone [89]. Postmenopausal
women produce between 40 and 200�g/day of estrone from
androstenedione, depending on their weight [90]. Thus, the
contribution of dairy product consumption to a woman’s estro-
gen status is infinitesimal and cannot be considered a risk for
breast cancer.

GROWTH HORMONE

Growth hormone (GH) or somatotropin is secreted by the
anterior pituitary gland, and regulates growth in most tissues
from birth to puberty, although GH still has important meta-
bolic effects in adults. GH levels are low in infancy, increase
slightly during childhood and peak during puberty. Thereafter
levels progressively decrease with age, but there is considerable
inter-individual variation. There is also considerable intra- in-
dividual variation in GH levels, which are low during most of
the day with bursts occurring after meals, exercise and emo-
tional stress, but mostly during the first few hours of sleep. This
pulsatile pattern of GH release by the pituitary gland is con-
trolled by the hypothalamic factors; growth hormone-releasing
hormone, which stimulates release of GH, and growth hor-
mone-inhibitory hormone (somatostatin) that inhibits the re-
lease of GH [104].

GH is an essential factor in the development of the mam-
mary gland. Acting through its receptor, GH induces stromal
cells to synthesize IGF-1, which can stimulate proliferation and
differentiation in adjacent epithelial cells in a paracrine manner
[105]. Estradiol enhances the stimulatory effect of GH and

IGF-1 on mammary gland development and in breast cancer
cells [51,87]. The GF/IGF-1 axis also plays a role in mammary
tumorigenesis. GH binds to receptors in the liver to induce
IGF-1, thereby elevating circulating IGF-1 levels. On the other
hand, GH also increases IGFBP-3 levels [106]. Autocrine pro-
duction of GH in mammary carcinoma cells can promote cell
proliferation, transcriptional activation and prevention of apo-
ptosis. Autocrine produced GH is believed to be a more potent
stimulator of mammary carcinoma cell spreading than exog-
enously administered GH [107].

Despite the mitogenic activity of GH, relatively few studies
have addressed the role of GH in the etiology of breast cancer.
Animal studies using transgenic mice that over or under ex-
press GH show that GH deficiency is associated with less
tumor growth, whereas over expression of GH increases tumor
development [87,108,109]. Serum GH levels in breast cancer
patients were higher than in control subjects in what appears to
be the only study that examined the relationship between GH
level and the risk of breast cancer [110]. However, an indepen-
dent role for GH in breast cancer etiology is difficult to estab-
lish because of its effect on the GH/IGF-1 axis.

Milk Derived GH

Commercial use of recombinant bovine GH (rbGH) to in-
crease milk yield and efficiency in dairy cows commenced in
the United States in 1994 [111]. This event provoked consid-
erable debate among special interest groups, the media and in
the scientific literature, as to whether milk from treated cows
would cause adverse health effects [17,18,112–114].

Bovine milk naturally contains less than 1ng/mL of GH
[115], whereas humans secrete 500 to 875 �g of GH per day
[104]. There is no significant increase in bGH levels in milk
from cows treated with rbGH [113,115]. Pasteurization of milk
destroys about 90% of bGH [113]. Because bGH is a protein it
is hydrolyzed in the intestinal tract during the digestion process.
Should any bGH survive digestion it will have no effect on
human biology, because the human GH receptor does not
respond to bGH [63,116].

Administration of rbGH to cows increases the level of
IGF-1 in milk, but overall the impact is minimal when consid-
ered against the large variations influenced by stage of lacta-
tion, parity, nutrition and herd environment [63,111,113]. What
is more, when IGF-1 levels increase so do the levels of
IGFBP-3 and ALS [111]. The unlikely survival of dietary
IGF-1 in the intestinal tract to produce a biological response in
humans was discussed in a previous section.

COMPONENTS OF MILK WITH THE
POTENTIAL TO PREVENT BREAST
CANCER

The assertion that consumption of milk and its products
could increase the risk of developing breast cancer because of
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their content of fat, IGF-1, estrogens and GH is ill founded. On
the other hand, milk contains a number of components with the
potential to help prevent breast cancer.

Calcium and Vitamin D

Both calcium and vitamin D play an important role in the
regulation of cell growth. In addition, vitamin D, through its
active metabolite 1,25-dihydroxy vitamin D3(1,25(OH)2D3), is
important for calcium homeostasis and absorption into cells
[117,118]. Animal studies suggest that hyperproliferation and
hyperplasia in mammary epithelial cells can be reduced by
dietary calcium and vitamin D [117].

There are a number of possible mechanisms for the anti-
proliferative action of calcium. Calcium may neutralize fatty
acids and mutagenic bile acids, which can rapidly pass from the
intestine to the breast where they can affect ERs and induce
estrogen-regulated protein in a manner similar to estradiol
[119]. Human breast cancer cells express elevated levels of
fatty acid synthase [FAS], the major enzyme required for
endogenous fatty acid biosynthesis, a process that has been
linked to cell proliferation. Treatment of breast cancer cell lines
with cerulenin, an inhibitor of FAS activity, resulted in rapid
growth inhibition that was associated with apoptosis [120].
Zemel [121] recorded that high-calcium diets suppressed
1,25(OH)2D3-induced calcium influx into adipocytes - the pre-
dominant cells in the breast - and inhibited FAS activity.

Increased mammographic breast density is strongly associ-
ated with the risk of breast cancer [5]. A recent study showed
that an increased intake of calcium and vitamin D was associ-
ated with decreases in mammographic breast density [13].
Boyapati et al. [122] recently reported that dietary calcium
intake was negatively associated with the risk of breast cancer
in both premenopausal and postmenopausal women. These
authors also tabulated the results of seven other case-control
and two cohort studies, all of which found negative associations
between calcium intake and the risk of breast cancer. In the
Nurses’ Health Study both calcium and dairy product intake
was associated with a survival benefit for women with breast
cancer [41].

Rumenic and Vaccenic Acids

Rumenic acid (RA) is the predominant natural isomer of
conjugated linoleic acid (CLA), and milk fat is the richest
natural source. Vaccenic acid (VA), the major trans-monoun-
saturated fatty acid in milk fat can be converted to RA in
animals and humans by the enzyme �9 - desaturase [123]. In
normal rat mammary epithelial cells, RA inhibited cell growth
and induced apoptosis [124]. At physiological concentrations
RA, VA and milk fat all arrested cell growth in breast cancer
cells [125,126]

When added to the diet of rats at a level of 1% or less, RA
is a potent inhibitor of mammary tumor development. Tumor
inhibition is independent of the amount or type (saturated or

polyunsaturated) of fat in the diet, and is particularly effective
when fed only during the period of mammary gland develop-
ment to adult stage morphology. Feeding RA during this period
resulted in a decrease in epithelial density associated with a
reduced proliferation of the epithelial cells within the terminal
end buds and lobular epithelium, areas where most tumors
develop [124]. The anti-tumor action of RA is possibly addi-
tionally mediated by induction of apoptosis and inhibition of
angiogenesis associated with decreased serum and glandular
levels of vascular endothelial growth factor and its receptor
Flk-1 [124,127]. RA is a potent inhibitor of FAS in human
breast cancer cell lines [128,129]. As part of a CLA mixed
isomer supplement, RA reduced serum IGF-1 levels in rats
[130].

Epidemiological Studies. The initial case-control study
found a significant inverse association between dietary intake
of RA and the risk of breast cancer in Finnish postmenopausal
women. Serum levels of RA and VA also showed a significant
inverse relationship to breast cancer risk [131]. A study con-
ducted in New York [132] found that there was a nonsignificant
inverse association between intake of RA and incidence of
breast cancer in premenopausal but not postmenopausal
women. The benefit was more apparent in women with the
more aggressive ER negative tumors. Three other studies did
not find a relationship between RA and breast cancer risk. The
methodological limitations in these, and other RA/VA studies,
have been discussed [123].

Branched-Chain Fatty Acids

Branched long-chain fatty acids (BCFA) are synthesized by
rumen bacteria, and iso- and anteiso-BCFAs, particularly those
with a chain length of 13 to 17 carbon atoms, are found in milk
fat [123]. Initially, Yang et al. [133] reported that 13-methyl-
tetradecanoic acid (13-MTDA) induced cell death in human
breast cancer cells by rapid induction of apoptosis. Recently,
Wongtangtintharn et al. [129] tested the antitumour activity of
a series of iso-BCFA in two human breast cancer cell lines. The
highest antitumour activity was found with iso-16:0, and the
activity decreased with an increase or decrease in chain-length
from iso-16:0. Anteiso-BCFAs were also cytotoxic. Interest-
ingly, cytotoxicity of 13-MTDA was comparable to RA. Both
13-MTDA and RA inhibited FAS.

Butyric Acid

Butyric acid, uniquely present in milk fat, is a potent anti-
cancer agent, which induces differentiation and apoptosis and
inhibits proliferation and angiogenesis. Although butyrate has a
short half-life in the circulation this can be increased when
butyrate is present as a derivative. In the case of milk fat,
butyrate is esterified as a triacylglycerol, and about one-third of
all milk fat triglycerides contain butyrate. Synergy with other
dietary anticancer agents like vitamin A, vitamin D and res-
veratrol reduce the plasma concentration of butyrate required to
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modulate cell growth [123]. Two studies showed that dietary
butyrate significantly inhibited chemically induced mammary
tumor development in rats [134,135].

Milk Proteins

Evidence from animal studies and in vitro studies with
human breast cancer cells suggest that milk proteins, especially
those associated with the whey fraction, have anticarcinogenic
properties [136,137]. Whey protein is a rich source of cysteine,
which is essential for the synthesis of glutathione. Glutathione
is a potent cellular antioxidant and also acts by itself or by its
related enzymes as a detoxifying agent that facilitates the
elimination of mutagens, carcinogens and other xenobiotics
from the body [136]. Results from a recent nested case-control
study from within the prospective Nurses’ Health Study [138]
show that women with higher plasma concentrations of cys-
teine had a significantly reduced risk of breast cancer.

CONCLUSION

The etiology of breast cancer is still largely undetermined,
although a woman’s reproductive history is considered an
important determinant. A role for diet in breast cancer is not
well established. An examination of the results from more than
40 case-control studies and 12 cohort studies does not support
an association between dairy product consumption and the risk
of breast cancer. The research that addresses theories about an
association between dairy product consumption and breast can-
cer via fat, IGF-1, GH and estrogens was examined, however,
the weight of evidence does not support a link. Although
estrogens and the GH/IGF-1 axis play a critical role in the
development of the mammary gland and in breast cancer, the
mechanisms are complex and cancer is probably influenced
more by autocrine/paracrine secretion than by circulating lev-
els. Nevertheless, the daily contribution of these factors from
dairy product consumption is far too small compared to daily
endogenous secretion to exert a physiological effect. The pres-
ence of rumenic, vaccenic, butyric and branched chain fatty
acids, cysteine-rich whey proteins, calcium and vitamin D in
milk has the potential to help prevent breast cancer.
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The Myth of Increased Lactose Intolerance in
African-Americans
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In the United States, approximately three fourths of African-Americans have the potential for symptoms of
lactose intolerance because lactose digestion depends on the presence of the enzyme lactase-phlorizin hydrolase
which is reduced by up to 90–95% in individuals with lactase nonpersistence. The ‘African-American diet’ is
more likely to be low in a variety of vitamins and minerals, including calcium. African-Americans consume low
amounts of dairy foods and do not meet recommended intakes of a variety of vitamins and minerals, including
calcium. Low intake of calcium and other nutrients put African-Americans at an increased risk for chronic
diseases. The 2005 Dietary Guidelines recommend consuming three servings of dairy foods per day to ensure
adequate calcium intake, among other nutrients, and the National Medical Association has recently published a
similar recommendation of three to four servings of dairy per day for the African-American population. Research
has shown that lactose maldigesters, including African-American maldigesters, can consume at least one cup (8
oz) of milk without experiencing symptoms, and that tolerance can be improved by consuming the milk with a
meal, choosing yogurt or hard cheeses, or using products that aid in the digestion of lactose such as lactase
supplements or lactose-reduced milks.

Key teaching points:

• African-Americans are at high risk for a number of chronic diseases that may be ameliorated by adequate calcium intake.
• Lactose maldigesters, including African-American maldigesters, can consume one cup (8 oz) of milk in one meal setting without

experiencing symptoms.
• Lactose intolerance can be limited by drinking milk with meals.
• Yogurts and hard cheeses are well tolerated.
• African-Americans, like other Americans, should not avoid consumption of dairy products due to concerns about lactose

intolerance.

INTRODUCTION

The risk for a number of chronic diseases is elevated among
African-Americans. The debate over the cause of this elevated
risk continues as additional data accumulate regarding unique
genetic, social and environmental factors affecting African-
Americans. Hypertension, heart disease and other illnesses affect
African-Americans at a rate which is higher than the average for
the US population [1]. As a group, African-Americans consume a
diet that is lower in recommended nutrients and meet fewer of the
national recommendations than the average American. In compar-
ison to national recommendations, the African-American diet is

more likely to be low in vitamins and minerals, including calcium,
and higher in fat [2,3]. Additionally, the food pattern in the
African-American diet includes more meat and fats, while being
lower in fruits, vegetables and dairy foods [4,5]. This pattern is
markedly different than the recent recommendations of the Dietary
Guidelines Committee, and the advice of numerous other nutrition
guidelines. The increased consumption of fruits, vegetables and
low fat dairy foods are among the most common recommenda-
tions currently being promoted to improve the American diet [6].

Adequate calcium in the US diet is typically associated with
the consumption of 3 or more servings of dairy foods per day
[7]. Dairy foods are, of course, an excellent source of calcium
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(along with several other nutrients) and provide about 73% of
the calcium in the US diet [8]. One perceived barrier to the
consumption of dairy foods among African-Americans is the
potential for lactose intolerance. Approximately three fourths
of African-Americans are lactose maldigesters, and thus have
the potential for symptoms of lactose intolerance [9,10]. Pri-
mary acquired hypolactasia, more commonly referred to as
lactase nonpersistence (LNP), is estimated to affect approxi-
mately 75% of the world’s population. In LNP there is a
90–95% reduction in activity of the enzyme lactase-phlorizin
hydrolase (LPH) which is synthesized in enterocytes controlled
by the LPH gene on chromosome 2 [11]. Alternatively, con-
genital lactase deficiency, where lactase is completely absent at
birth, does exist, however this condition is very rare. Recently,
some special interest groups have suggested that national rec-
ommendations to include three servings of dairy foods in the
diets of all Americans are racially biased because of the high
incidence of lactose intolerance among African-Americans. In
contrast, the National Medical Association (the nation’s oldest
and largest medical association that represents physicians of
African descent in the US and Caribbean with over 30,000
members) has recently reviewed the scientific literature on
health risks, diets and dairy foods in relation to the African-
American population and concludes that African-Americans
should consume a minimum of 3 to 4 servings of dairy foods
per day in order to improve their diets, especially in relation to
adequate calcium consumption [12]. We, therefore, are review-
ing the literature to determine if evidence exists to support the
hypothesis that African-Americans experience increased intol-
erance to lactose and thus should limit dairy foods that are high
in lactose.

DEFINING LACTOSE INTOLERANCE

Lactose intolerance is the reduced ability to digest lactose
due to decreased lactase activity in the small intestine [13].
There is substantial research evaluating tolerance to lactose
among lactose maldigesters, and numerous reviews have been
published evaluating these studies [11,13,14,15]. These studies
evaluated a variety of ethnic groups including Asian-Ameri-
cans and Hispanic-Americans and may or may not include
African-Americans as subjects. Typically, most studies have
selected subjects based on estimates of maldigestion, using
breath hydrogen, blood glucose, or other clinical tests, rather
than race or ethnic background. However, it is clear from
blinded experimental trials that most, if not all, lactose maldi-
gesters can consume at least one 8 ounce glass of milk
[16,17,18] without experiencing physiologic symptoms. Toler-
ance is further improved when milk is consumed with a meal,
such that stomach emptying and intestinal transit are slowed,
facilitating gastrointestinal digestion of lactose [19,20]. In ad-
dition, tolerance is dose-dependent. When more than one glass

of milk is consumed in the fasting state, symptoms of intoler-
ance exceed baseline symptoms. These symptoms are most
likely to be excessive flatulence and stomach discomfort. Acute
diarrhea occurs much less frequently. Since many dairy foods,
including hard cheeses, ice cream, yogurts, cottage cheese and
even soft cheeses, contain reduced amounts of lactose, these
foods present less potential for symptoms of intolerance
[21,22]. Yogurt does not necessarily have a reduced amount of
lactose when compared with the same volume of milk. How-
ever, the improved tolerance to lactose observed with yogurt is
likely due to autodigestion of lactose in the intestine by the
starter culture bacteria in the yogurt [22]. Finally, tolerance is
also improved with repeated exposure to lactose in the diet,
presumably due to colon microbial adaptation which enhances
fermentation and reduces gas production [23,24].

STUDIES OF LACTOSE
INTOLERANCE IN
AFRICAN-AMERICANS

What about African-Americans? Do they experience in-
creased symptoms of lactose intolerance? Does lactose intoler-
ance among African-Americans prevent them from consuming
moderate amounts of milk in a mixed diet? In 1966, Bayless
and Rosensweig studied 20 African-American and 20 Cauca-
sian prisoners for LNP and intolerance [25]. As confirmed by
subsequent studies, approximately 70% of the African-Ameri-
cans were LNP based on a lactase assay of mucosal biopsy
samples and a blood glucose assay for maldigestion. In this
study, lactose in a water solution was administered orally in
very high doses. Each subject received a large dose of lactose
based on body size (50 gm/sq m of body surface). Some doses
were the equivalent of up to 13⁄4 quarts of milk. Subjects almost
uniformly experienced symptoms of intolerance to this dose of
lactose. However, the authors note that ‘six subjects had to
drink a quart of milk at one time before these symptoms
developed’ and ‘amounts less than one or two glasses of milk,
as in cereal or coffee were well tolerated’. Since only one non
African-American maldigester was studied, this report does not
provide direct comparisons of tolerance between African-Ameri-
cans and Caucasians. However, the study does provide some
evidence for the dose-response relationship between lactose con-
sumption and tolerance at levels (1–2 cups of milk) that are similar
to studies of non African-American maldigesters [26].

More directly pertinent to this review, in 1971, Paige et al
[27] addressed the question of the ability of African-American
children to consume a moderate amount of milk: the half pint
quantity served in schools. This observational study was con-
ducted on two different school days and researchers catego-
rized children as either milk drinkers or non-milk drinkers.
After passing through the food line and consuming their food,
the students surrendered their meal trays and researchers
weighed the amount of milk remaining in the container. A milk
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drinker was defined as one who consumed 50% or more of their
milk by weight and a non-milk drinker was one who consumed
less than 50% of their milk. Researchers found that a greater
proportion of African-American children failed to consume
50% of the milk served (20% of African-American children vs.
10% of Caucasian children) and concluded that milk rejection
among African-American children was significantly higher
than Caucasian children. Maldigestion was determined using
blood glucose. Lactose intolerance symptoms were measured
using a lactose load of 50 gm/sq m body surface, an amount
much higher than a standard 8 oz portion of milk containing 12
gm lactose. It does appear from this study that the African-
American children who were maldigesters appear more likely
to be non-drinkers. Given that only five Caucasian children
were maldigesters, the data is insufficient to determine if Af-
rican-American maldigesters experienced greater or lesser
symptoms of intolerance.

Marrs reported on the milk drinking habits of the elderly in
1978 [28]. The investigators provided 240 ml of milk, as part of
a meal, in a congregate dining situation. Participants self-
selected the type of milk: whole, skim, chocolate and butter-
milk as well as alternate beverages such as coffee and water.
Following the meal, participants completed a questionnaire
regarding the type of milk they preferred, milk acceptability
and perceived milk tolerance. Seventy-five/81 Hispanics, 123/
139 African-Americans and 109/117 ‘Anglos’ reported that
they drank the milk and were symptom-free. Two of the His-
panics, 7 of the African-Americans and 1 ‘Anglo’ drank the
milk and reported some symptoms. Six Hispanics, 2 African-
Americans and 3 ‘Anglos’ did not drink the milk because of
symptoms. Clearly, the vast majority of African-Americans
tolerated one glass of milk in this study. Interestingly, only
1.4% of the African-Americans listed ‘symptoms’ as their
reason for avoiding milk, compared with 6.6% of Hispanics
and 2.5% of ‘Anglos’. Participants could also select ‘dislike’ as
their reason for avoiding milk. Five percent of African-Amer-
icans selected this response in comparison to 8.8% and 3.4% of
Hispanic-Americans and Caucasians, respectively.

Rorick and Scrimshaw [29] reported on tolerance among the
elderly to 240 ml (8 ounces) of milk vs. lactose-free milk. The
researchers found no differences in symptomatic response un-
der double-blind conditions to the lactose-containing and lac-
tose-free milks. Using the breath collection technique for lac-
tose tolerance testing, 23 maldigesters were identified in the
study. Five had symptoms following both treatments; two had
symptoms exclusively after the lactose-free treatment and none
had symptoms exclusively following the lactose treatment.
Only 5 of the 23 were African-American and the authors did
not delineate the specific responses for these five subjects.
None-the-less, the lack of response to the lactose challenge by
all subjects, including the 5 African-American subjects, sug-
gests African-Americans are not different in their response.

Johnson et al [30] studied adolescent and young adult Af-
rican-Americans to evaluate lactose digestion in a group of

subjects who claimed to be lactose intolerant. One hundred and
sixty-four subjects, who were 12 to 40 years of age and claimed
they experienced some gastrointestinal symptoms after con-
suming a cup of milk, participated. Hence, the population
selected was biased toward a subgroup of African-Americans
who might experience symptoms. Stage 1 involved a lactose
challenge test of 25 g lactose suspended in 200–300 ml water.
Breath samples were collected and analyzed using gas chroma-
tography. As breath samples were collected, subjects also re-
ported gastrointestinal symptoms. Only 58% (95/164) were
determined to be maldigesters. Eighty-two of the 95 (86%)
maldigesters reported some symptoms following the 25 g chal-
lenge.

In stage 2 of the investigation [30], only those individuals
who had an increase in hydrogen concentration of �20 parts
per million (ppm) or more (maldigesters) were invited to par-
ticipate. Forty-five subjects chose to participate in this double-
blind, crossover test for milk intolerance. Subjects were offered
a lactose-containing or lactose-free dairy drink on 3 different
days. The lactose challenge test, breath samples, and symptoms
record were repeated as in stage 1. In stage 2, 30 subjects
reported symptoms when they consumed the lactose-containing
beverage and 15 reported symptoms when they consumed
either beverage. Thus, 15/45 subjects experienced no symp-
toms following the consumption of 25 g of lactose. The authors
concluded that factors other than lactose are also important in
determining symptomatic response among individuals who be-
lieve that they are milk intolerant. No comparisons to non
African-American populations were made, but the relative in-
cidence of symptoms following this dose (equivalent to drink-
ing two 8 ounce glasses of milk on an empty stomach) is
consistent with the incidence observed in non African-Ameri-
can maldigesters.

In a follow up study, Johnson et al [31] challenged 25
African-American maldigesters who were found to be intoler-
ant to lactose-containing milk via double-blind crossover study
with increasing amounts of lactose. The lactose in low-fat milk
was hydrolyzed using lactase, and the hydrolyzed milk was
mixed proportionately with untreated low-fat milk to produce
milks containing varying amounts of lactose. There was no
requirement for overnight fast in this study and subjects re-
ceived the milk in the morning hours of each weekday. Subjects
were asked to record their symptoms and keep a daily food
record. Initially subjects received a milk drink containing 5 g
lactose. If a subject did not report experiencing symptoms from
a certain dose of lactose for a period of 2–4 days, the lactose
content of the milk was increased by 1 g by changing the
proportion of lactose-hydrolyzed and untreated milk. The
amount of lactose was increased until a dose was reached that
produced gastrointestinal symptoms. Then, the subject was
given the same lactose dose over a period of days until the
symptoms became negligible. Over the 6–12 week period of
the study, 17 (77%) of the 22 who completed the study toler-
ated 12 g or more of lactose. Of these subjects who were able
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to tolerate 12 g lactose or more, 10 had hydrogen concentra-
tions �20 ppm. This is consistent with data in other popula-
tions of maldigesters who claim intolerance [16] demonstrating
a high likelihood of tolerance to lactose when it is consumed in
normal serving size amounts. Again, no direct comparison of
racial groups or random sampling of the population was made.
But, the data indicate substantial tolerance in this African-
American group, similar to other maldigesters who claim in-
tolerance.

In 1999, Klesges et al [3] reported on the milk drinking
habits of 32,144 Air Force recruits. Regardless of race or
maldigestion status, only 17% reported consuming three or
more servings of milk per day. Slightly more than half reported
consuming less than one serving per day. Milk consumption
was positively associated with fruit and vegetable consumption.
The most interesting finding relative to this review was that the
self-reported incidence of milk-related gastric distress was sim-
ilar between African-American and Asian recruits. Addition-
ally, a significant trend of experiencing distress was observed
for African-Americans. Caucasians in this study reported lower
gastric distress than both African-Americans and Asians. Per-
ceived milk intolerance was highest among older African-
American women (51.4%), second only to older Asian men
(60.4%).

In a study to determine adaptability to a dairy-rich diet, a
lactose challenge test was administered twice to a group of 17
African-American girls, aged 11 to 15 [32]. The girls were
participants in a 21-day calcium metabolism study in which all
subjects lived in a supervised environment for the duration of
the study and consumed 1,211 �/� 76 mg calcium per day.
The subjects consumed approximately four servings of dairy
foods daily containing an estimated 33 g lactose/day. Prior to
the study the subjects consumed approximately 17 g lactose per
day. On the first day of the intervention subjects were chal-
lenged with 0.35 g lactose/kg body weight which was presented
as 1% milk. Breath samples were collected at baseline, follow-
ing milk consumption, and hourly for 8 hours. This lactose
challenge process was repeated on day 21 of the intervention.
Symptoms were recorded hourly using a self-reported record
sheet. Subjects were asked to rate symptoms (abdominal pain,
bloating, flatulence, diarrhea/loose stools, and headache) a
score of 0 to 5 depending on severity of symptoms.

The breath samples were analyzed for carbon dioxide and
hydrogen concentrations. Girls who had an increase of �20
ppm of breath hydrogen were classified as having lactose
maldigestion [32]. Fourteen of the 17 subjects who participated
in the lactose challenge were classified as lactose maldigesters.
From the time the test was administered on the first day of the
study to the second administration on day 21, there was a
significant decrease in the amount of hydrogen produced, sug-
gesting colonic adaptation to lactose throughout the 21-day
intervention. Most importantly, it was noted that during both
challenges, and during the 21 day period on the high dairy diet,
subjects reported minimal or no gastrointestinal symptoms.

Thus, this African-American population could consume a dairy
rich diet, and meet adolescent calcium needs, without symp-
toms of intolerance.

CONCLUSIONS

Direct comparisons of the relative tolerance to lactose from
African-Americans as compared to other lactose maldigesters
are not available. However, the information presented here
demonstrates that African-American maldigesters, like all mal-
digesters, experience symptoms in a dose-response fashion.
Further, there is a range of symptoms that appear in a given
population fed the same dose of lactose. Milk consumed in a
mixed meal, and in single portion sizes (8 ounces of milk
containing approximately 12 g lactose) is unlikely to cause
symptoms of intolerance among African-Americans. Addition-
ally, Suarez et al [18] demonstrated that an 8 ounce portion of
milk can be consumed twice per day, as compared with once
per day, with no additive effect on symptoms, even in people
who claim severe lactose intolerance. Other strategies for con-
suming lactose containing foods while avoiding or minimizing
intolerance symptoms include utilizing products that aid in the
digestion of lactose, and choosing yogurt or hard cheeses [14].
The literature on African-Americans, though limited, reflects
the findings in the overall body of literature on lactose intol-
erance in maldigesters. Thus, there is little reason to believe
that African-Americans are especially lactose intolerant. Afri-
can-Americans should not avoid dairy products due to concerns
about lactose intolerance and should follow dietary recommen-
dations from the 2005 Dietary Guidelines and the National
Medical Association.
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It is now generally accepted that an adequate calcium intake is important for building and maintaining a
skeleton that expresses quantitatively the full genetic program and reduces lifetime fracture risk. In this brief
review we focus mainly on a new and growing body of evidence indicating a benefit of adequate calcium intake
on qualitative features of the skeleton that, independent of the quantity of bone, themselves influence skeletal
strength and fragility.

Change in bone mass and size during growth are dependent on both calcium intake and exercise, with the
largest differences being observed in prepubertal children who have both high exercise levels and high calcium
intakes. Much of this benefit is expressed as increased bone diameter (and hence stiffness). Fracture risk peaks
at about the time of puberty and is inversely related to bone mass. However, even prepubertally, children with
low calcium intakes have been reported to have a fracture rate 2.7� that of their birth cohort.

Bone remodeling triples from age 50 to 65 in typical women and is now recognized to have primarily a
homeostatic basis. While remodeling improves bone strength by repairing acquired defects, homeostatic
remodeling, while necessary to maintain blood calcium levels, contributes only structural weakness to bone.
High calcium intakes in postmenopausal and older women reduce this homeostatic remodeling to approximately
pre-menopausal values and improve bone strength immediately, well prior to any appreciable change in bone
mass.

Key teaching points:

• Low bone mass is associated with increased fracture risk in children, just as in adults.
• Low dairy intake is one of the causes of reduced bone mass during growth.
• Physical activity and calcium intake interact during growth, with the largest accumulation of bone being concentrated in children

with high physical activity and high calcium intakes.
• Bone remodeling, necessary to repair or reshape bone, also serves calcium homeostasis; on prevailing diets, homeostatic

remodeling is larger than structural remodeling, tripling in magnitude from the premenopausal years to age 65.
• Homeostatic remodeling, while it provides needed calcium ions to the extracellular fluid, weakens bone locally, wherever in the

skeleton it occurs. Available evidence suggests that excessive remodeling is a major cause of osteoporotic bony fragility.
• Reduction in bone remodeling by high calcium intakes produces an immediate reduction in fracture risk, well before perceptible

change in bone mass can occur.

Introduction

Calcium serves two major functions for bone. First, calcium
is the bulk cation out of which bone mineral is constructed. As
such it must be absorbed in sufficient quantity from ingested
foods to build a skeleton during growth and to maintain skeletal
mass in maturity (the latter by offsetting obligatory losses from

the body). Second, calcium serves as an indirect regulator of
skeletal remodeling. The first function has dominated the at-
tention of the clinical nutrition community through most of the
past century and provides the foundation for an impressive
array of calcium nutritional policy statements [1–5]. The sec-
ond is only now emerging as an important contributor to bone
strength.
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Although there remain some isolated pockets of disagree-
ment (e.g., ref. 6), there is now a broad consensus that a
calcium intake of 1000–1500 mg/d is needed to ensure skeletal
optimization across the population at all ages after childhood.
The policy statements cited review the now massive body of
evidence supporting this consensus. Our purpose here is to
highlight new information on the relation of calcium intake to
childhood fractures, on the interaction of dietary calcium and
physical activity in skeletal health, and on the still evolving
understanding of the role played by bone remodeling in bony
fragility and its interaction with calcium intake.

Dietary Calcium and Childhood Fractures

Adequate dietary calcium has long been recognized to play
an important role in building peak bone mass as a strategy to
decrease incidence of fracture later in life [7]. More recently, it
has become apparent that even childhood fractures are also
related to low bone mass, and that childhood bone mass in turn
is influenced by diet and physical activity.

Childhood fractures are often attributed mainly to the
“clumsiness” and risky behaviors of youth. However, Gould-
ing’s report [8] on the association of fracture with low bone
density in 3–15 year old girls living in New Zealand showed
that fracture incidence even during childhood was related to a
property of bone, i.e. massiveness, modifiable by lifestyle
choices. Although calcium intakes in children with fractures
and healthy controls were not significantly different for Gould-
ing’s cohort of girls or in a subsequent cohort of boys [9],
Goulding’s group subsequently reported that children under
age 10 who were milk avoiders had significantly less bone and
were shorter than a birth cohort of more than 1000 from the
same city (10). In her population, the odds ratio for a fracture
in those with low bone density compared to matched controls
was 2.3 for the radius, 2.4 for the spine, and 2.0 for the hip. The
milk avoiders had total skeletal bone mineral content (BMC)
Z-scores averaging �0.45, which was significantly different
than the distribution in the healthy population (Z-scores repre-
sent deviation from the age-adjusted mean normative data). A
subsequent evaluation of their relative fracture incidence
showed that one in three of the 50 milk avoiders had reported
fractures, with 18 of their 22 fractures occurring before age 7
[11]. This fracture rate was 175% greater in the milk avoiders
than expected from their birth cohort. Interestingly, the milk
avoiders also had a higher risk of being overweight. Given that
the most common site of fracture was the forearm, being
overweight could exacerbate the impact load on the arm during
a fall.

Vulnerability to fracture is not uniform across childhood.
There is a transient increase in porosity of cortical bone during
puberty as a result of a phase lag between achievement of peak
height and peak bone mass [12]. The timing of this decrease in
bone density was recently characterized in a group of Canadian
children studied longitudinally by annual bone density scans

through puberty [13]. In girls, average peak height velocity
occurred at age 11.8 and average peak BMC velocity occurred
at age 12.4, a lag of 0.7 y. Similarly, in boys the lag occurred
between an average peak height velocity of 13.4 y and to a peak
BMC velocity of 14.1 y.

Fig. 1 profiles the incidence of forearm fracture with age in
the Midwestern U.S. [14]. The peak incidence of fracture
occurs slightly before the period of increased bone porosity
predicted by Bailey et al. [15]. In girls, the highest rate of bone
turnover occurs during the 2 years preceding onset of menses
and declines after onset of menses [16]. Bone strength ex-
pressed as fracture incidence may relate as much to bone
turnover rate as to bone mass, as we discuss later. The peak
incidence of fracture in girls aged 8–11 and boys aged 11–14
would fall close to peak bone turnover rates associated with
pubertal growth. However, neither a dip in bone mineral den-
sity (BMD) nor accelerated bone turnover, suffice to explain

Fig. 1. Plots of incidence of distal forearm fractures in males (A) and
females (B) from the data of Khosla et al. [14] among residents of
Rochester, Minnesota. The lower line for both panels represents frac-
tures reported in 1969–1971 and the upper line represents fractures
reported in 1999–2001. The shaded zones represent the increases in
childhood fracture in 3 decades.
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the frequency of fracture at ages younger than 7 years in
milk-avoiding New Zealand children [11].

Also apparent in Fig. 1 is the increase in forearm fracture in
children over the last 3 decades (56% for girls and 32% for
boys). The largest increase occurred at the same age as that of
peak incidence. The authors attributed part of this increased
incidence of fracture to increased participation in recreational
activities. However, milk consumption in children has also
declined during this period, a change that has been associated
with increased fracture during childhood [8, 17] and later in life
[17]. The impact of the interaction between dietary calcium and
physical activity on bone strength may be stronger than either
factor alone.

Dietary Calcium, Physical Activity, and the
Growing Skeleton

Recent advances in imaging techniques to evaluate bone
geometry have contributed to our understanding of the inter-
play of calcium intakes and physical activity on the growing
skeleton. At the beginning of the decade, we knew from inter-
vention studies that bone mass could be improved with both
calcium or milk powder supplements and exercise [18]. In
postmenopausal women, subjects with calcium intakes over �1
g/day randomized to exercise intervention had improved BMD
at the spine [19] and tibia and hip [20] compared to calcium
alone. However, the interaction between dietary calcium and
physical activity in the growing skeleton remained uncertain
because of lack of intervention trials and the inability of then
available bone densitometry to capture bone geometric charac-
teristics (beyond measurement of BMD and BMC) which con-
tribute to strength in the growing skeleton.

Two important intervention trials have been reported since
2002 that shed light on the interaction of dietary calcium and
physical activity in growing bone. Specker and Binkley [21]
studied 239 children aged 3–5 y for 1 year who were random-
ized to 1 g/d calcium or placebo and to two exercise regimens,
gross motor (weight bearing) or fine motor (sitting). Leg BMC
gain, determined by dual energy X-ray absorptiometry (DXA),
was significantly higher only in the combined calcium and
weight-bearing exercise group. However, peripheral quantita-
tive computed tomography (pQCT) of the 20% tibia, which
measures geometry of the leg, gave additional information
about bone strength.

As shown in Fig. 2, weight-bearing exercise alone increased
tibia periosteal and endosteal circumferences (P � 0.05) which
raised bone strength by increasing cross-sectional moment of
inertia, even though there was no increase in bone mass.
Cross-sectional moment of inertia is a measure of the distribu-
tion of material around a given axis. The contribution of bone
mass to strength is proportional to its squared distance from the
axis around which bending occurs. Thus small increases in
diameter can have profound positive effects on the bending
strength of a bone. There was a significant interaction between

weight-bearing exercise and calcium supplementation for leg
BMC (P � 0.05) and tibial cortical thickness and cortical area
(P � 0.02), resulting in the largest bone gain. With only BMC
from DXA, the strength advantage from greater bone circum-
ferences due to exercise alone was not apparent. The increased
calcium intake allowed greater bone mineralization of the
larger bone area stimulated by exercise. This insight was
achieved through the use of a factorial design and bone imaging
technology.

A second randomized trial using a factorial design, in 66
older girls aged 8.8 � 0.1 years, found a positive interaction of
milk mineral supplements and moderate impact exercise for 20
minutes 3 times per week for 8.5 months on some bone sites but
not others [23]. High impact exercise alone increased bone
mass at the loaded site (tibia-fibula) and calcium alone in-
creased bone mass at non-loaded sites (humerus and ulna-
radius). A significant (P � 0.05) exercise-calcium interaction
was detected at the femur, but not the tibia-fibula.

Main effects of calcium intake and physical activity on bone
gain have been reported in a number of randomized, controlled
trials in children [7]. The effects may differ at bone sites which
differ in cortical vs. trabecular bone, the stage of maturity of the
growing skeleton, or the interdependency of calcium intake and
physical activity. Cortical-rich bone regions have responded
more to calcium supplementation in most trials than trabecular-
rich regions [24]. On the other hand, activity trials in children
have shown significant increases in trabecular bone [25] as
well. Mechanical loading stimulates trabecular number and size
[26]. Activity trials usually are more effective in prepubertal
children possibly because of a synergistic activity between
exercise and growth hormone [27]. Findings on the benefits of
calcium supplementation in prepubertal vs. pubertal children
have been inconsistent. In the only calcium supplementation
trial that has spanned puberty, the benefits of calcium on bone
were greater during the pubertal growth spurt than during bone

Fig. 2. Twelve month changes in 20% tibia cross-section by pQCT and
leg BMC by DXA in 3–5 y olds randomized to calcium supplementa-
tion or placebo and fine motor vs. gross motor exercise in a 2 � 2
factorial design. There was a significant interaction between activity
and Ca supplementation in BMC (P � 0.05). There were significant
(P � 0.05) activity effects in perisoteal and endosteal circumferences
by pQCT and significant Ca � activity interactions for cortical area
(P � 0.01) and cortical thickness (P � 0.02). Reproduced with per-
mission from reference 22.
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consolidation [28]. The lack of main effects of calcium and
exercise and positive interaction of the two in the Specker and
Binkley [21] study suggest that part of the inconsistency among
trials of either calcium or activity alone may be the failure to
appreciate this interaction.

Calcium, Bone Remodeling, and Skeletal Fragility

Broadly speaking, remodeling of bone serves two, closely
linked purposes: 1) the repair of fatigue damage and the re-
shaping of bone to accommodate growth and altered usage; and
2) a source and sink for calcium in the protection of extracel-
lular fluid (ECF) [Ca2�]. In both, small packets of bone are
resorbed by osteoclasts, and the released bone mineral either
recycled or used to offset excretory losses. The first role of
remodeling is generally divided into two types: i) “remodeling”
properly considered, i.e., the replacement of damaged struc-
tures, and ii) “modeling”, i.e., the reshaping of bone. In the
first, bony resorption and formation occur at the same skeletal
site, though separated in time (resorption first, followed by
formation); while in the second, formation and resorption occur
on different surfaces (e.g., periosteal, endosteal), but simulta-
neously. During growth both processes are active, while after
growth, when adult skeletal shape is approximately stable, true
remodeling predominates.

Both types share a common feature: bone mineralization in
the formation phase of remodeling takes calcium and phospho-
rus out of the circulating blood, creating a mineral deficit in the
ECF which constitutes the principal systemic basis for stimu-
lating parathyroid hormone (PTH) secretion. PTH in turn is the
principal determinant of the quantity of bone resorption occur-
ring throughout the skeleton. In this sense, bone mineralization
“pulls” bone resorption. In parathyroidectomized animals and
in humans with hypoparathyroidism, total bone remodeling
drops to levels less than one-sixth the value found in intact
organisms. The result, however, is usually hypocalcemia.

During periods of fasting or low calcium intake, PTH se-
cretion rises, and with it bone resorption (and, thereby, total
remodeling). From a homeostatic perspective, such remodeling
provides the calcium needed to maintain ECF [Ca2�]. How-
ever, structurally, homeostatic remodeling contributes only
weakness, since bone at sites being remodeled is reduced in
mass and hence in strength. This strength reduction is illus-
trated diagrammatically in Fig. 3, which makes the point that a
resorption cavity in the side of a load-bearing bone trabecula
produces local weakness out of proportion to the modest re-
duction in mass. Over the short term, this loss in strength is
trivial, but if inadequate calcium intake is continuous, then
remodeling remains high and fragility increases. The numbers
of these compromised trabeculae accumulate and ultimately
bone mass declines as well. It is important to note that the
increase in fragility precedes appreciable loss of mass, and is
due, as Fig. 3 illustrates, to compromised structures.

Until recently the major emphasis in the field of clinical

bone biology had been on the ultimate effects of remodeling on
bone mass, which explains why calcium balance, or change in
BMD (or BMC) has been the primary outcome variable in
many studies of nutritional interventions (e.g., calcium and
vitamin D). Virtually all such studies show that increasing
calcium intake to or above age-specific threshold values leads
in the young to greater bone gain, and in the elderly to de-
creased age-related bone loss [29]. But the matter is more
complex than that. When an intervention that reduces PTH-
mediated remodeling is first started, it produces a prompt, one
time increase in bone mass that has been termed a “remodeling
transient” [30]. The reason is that resorption slows immediately
when PTH levels drop, while older remodeling loci, now in
their mineralizing phase, come back into service at the rate of
their creation months earlier. The result is an effective reclaim-
ing of some of the bone taken out of service because of
remodeling - a phenomenon called “closure of the remodeling
space”.

The remodeling transient has to be factored into any inter-
pretation of the results of interventions that alter bone remod-
eling, particularly if one is interested in the effects of the
intervention on steady state bone balance [31, 32]. But until
recently, the transient was seen mainly as something that got in
the way of discerning the “true” effect of the agent on bone
[32]. It is now likely that the remodeling change is substantially
more important than the mass change - at least over the short
term when the remodeling change is fully expressed but the
mass change is just getting under way.

This conclusion first became apparent in the analysis of
osteoporosis treatment trials, in which BMD change was found
to explain less than half of the fracture reduction at the end of
the trial [33]. Even more to the point, the fracture reduction
produced by bisphosphonates and selective estrogen receptor
modulators (SERMs) was noted to begin immediately after
starting treatment, before there was time for an appreciable
mass difference to develop [34,35]. But calcium also functions

Fig. 3. Diagrammatic illustration of the fact that vertical trabeculae
bow slightly when loaded. Resorption pits in the side of such trabeculae
serve as stress concentrators, since the prior load must now be borne by
a smaller cross-section. The result is a tendency to snap with usual
load-bearing activities. Hundreds of such healed or healing trabecular
fractures can be found in osteoporotic bone by micro-dissection.
(Copyright Robert P. Heaney, 2005. Used with permission.)

Calcium Nutrition and Bone Quality

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 577S



as an antiresorptive agent. It does not antagonize PTH action on
bone as do estrogen, the SERMs, and the bisphosphonates, but
reduces remodeling by directly reducing PTH secretion. Mc-
Kane et al., for example, showed that high calcium intakes in
healthy postmenopausal women reduced 24-hr PTH levels by
40% [36]. Moreover, analysis of the fracture risk curves re-
ported for two major calcium and vitamin D intervention stud-
ies [36, 37] shows clearly that the fracture risk reduction occurs
almost immediately after starting treatment. Fig. 4 is a replot of
some of the fracture data of these two trials, showing forcefully
the prompt reduction in fracture risk that is produced by sup-
plemental calcium and vitamin D.

What this means, in the practical order, is that individuals
with substantial bony deficits, when given an adequate calcium
intake, experience an immediate reduction in fragility, without
having to wait for the mass deficit to be fully repaired (which
is often not feasible, at least by nutritional means). Further, the
benefit consists of an absolute reduction in fracture risk, not
simply a slowing of the progressive fragility of aging that had

originally been judged to be the goal of stopping age-related
bone loss. In truth, both effects occur. For example, in the study
by Chapuy et al. [37] bone loss that amounted to greater than
3%/yr at the hip in the control subjects, was stopped entirely in
the calcium and vitamin D supplemented subjects. At the same
time, as Fig. 4 shows, fracture rate dropped well before change
in bone mass could be expressed.

Although most of the data on this effect of remodeling have
been developed in studies of the elderly, similar conclusions
seem applicable to studies in young people. Fig. 5 is a sche-
matic redrawing of the data from the calcium intervention trial
of Johnston et al. in adolescents [39], and its follow-up, post-
intervention, by Slemenda et al. [40]. The figure shows the
curvilinear positive remodeling transient at the onset of sup-
plementation, and the corresponding negative transient at its
withdrawal. Bone mass in both the treated and untreated groups
was increasing, as these were rapidly growing young people.
The research question had been “Would this bone accumulation
be greater in the calcium-supplemented group?”. Such gain
would have consisted of a combination of coincident growth,
calcium augmentation (if any), and the remodeling transient,
with the latter now recognized to be the largest of the three, at
least over the short term. Unfortunately, the remodeling tran-
sient had not entered into design considerations at the time this
trial was performed, and it was the total increase that was the
design endpoint.

As the figure suggests, the slope of the BMC curve was
slightly greater for the supplemented than for the unsupple-
mented twins, and the final value one year after supplementa-
tion ceased was higher for the supplemented than for the

Fig. 4. Plots of the cumulative incidence of fractures, redrawn from the
studies of Chapuy et al. [37] (bottom) and Dawson-Hughes et al. [38]
(top). In both cases, the upper line represents the placebo control
subjects, and the lower line represents the calcium and vitamin D-
treated subjects. The shaded zones represent the reduction of fracture
risk, which, as can be readily seen, starts with the very beginning of
treatment. (Copyright Robert P. Heaney, 2004. Used with permission.)

Fig. 5. Schematic redrawing of the change in BMC in the compliant
subjects in the study of Johnston et al. [39], with the post-treatment
follow-up data from the report of Slemenda et al. [40]. (Data supplied
by Dr. C.C.Johnston.) A represents the positive remodeling transient at the
beginning of supplementation, and B, the negative transient at its with-
drawal. (Copyright Robert P. Heaney, 2005. Used with permission.)
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unsupplemented twins as well (both compatible with augmen-
tation by calcium). However, neither difference was statisti-
cally significant. Unfortunately the study was powered to find
the total bone mass difference at the end of the intervention, but
not to evaluate the slopes of the two curves, nor the mass
difference (if any) after the inevitable negative transient fol-
lowing withdrawal of the supplement. As the figure suggests,
much of the augmented gain of the supplemented group was
due to the transient, and thus the study was unable to address
the issue behind the original research question, i.e., steady-state
bone balance.

As this example illustrates, the transient has come to be seen
mainly as an important confounding factor. However, with the
insight derived from the fracture efficacy trials in the elderly, it
now seems clear that, in both young and old, the transient itself,
or more properly, the remodeling suppression that produces it,
is a part of the benefit - and indeed, perhaps the larger part [41].
Both the increased mass and the reduced remodeling during
calcium augmentation are now understood to increase bony
strength.

Wastney et al. [16], using short duration calcium kinetic
studies in children, showed that increases in calcium intake
suppress bone resorption without affecting bone formation (at
least over the life of one remodeling cycle). The role of remod-
eling adjustment in calcium homeostasis was beautifully exem-
plified in this study, as increased absorption from food was
matched, milligram for milligram, by decreased calcium re-
lease from bone by decreased resorption.

There are two features of remodeling suppression that de-
serve special comment. First, the symmetry of the two remod-
eling transients, i.e., going on and coming off supplementation
(shown for example, in Fig. 5), has been used to argue that the
bone gain on supplementation should not be considered evi-
dence that the calcium requirement is higher than prevailing
intakes. The bone gain is not permanent - so the argument goes
- and thus the response to supplementation is not a true nutrient
effect. This argument limps at very best. Supplying a needed
nutrient to a deficient individual will always result in a benefit
that is only temporary if the nutrient is subsequently withdrawn
and the deficiency state returns. As virtually everyone knows,
nutritional health is an ongoing affair.

The second feature is the level of remodeling itself, and the
associated questions of what rate is optimal, and whether sup-
pressing remodeling is a good thing to do. In adults, bone turns
over at a rate estimated to be in the range of 8–12%/yr, with
cancellous bone regions in contact with red marrow being
replaced at 2–3� that average rate, and the cortical bone of
long bone shafts, at perhaps half that rate or lower. Remodeling
is known to repair fatigue damage and hence has generally been
considered to be a positive factor for bone strength, overall.
Moreover, remodeling had been assumed initially to be driven
largely by this need for structural repair. Thus, reduced remod-
eling, by allowing fatigue damage to accumulate, had been
predicted to increase bony fragility. For this reason it came as

a surprise when reduced remodeling was found not to increase
fragility, but to reduce it, and in fact to be the probable reason
for reduced fracture risk [33,41] in the osteoporosis treatment
trials.

The explanation now considered most likely is that most
remodeling in First World adults is homeostatic, not structural.
Homeostatic remodeling, as already noted, while it contributes
calcium, decreases local bone strength. Moreover, recent re-
search quantifying remodeling has shown that cancellous bone
remodeling doubles across menopause, and by the mid-60s is
about 3� the premenopausal level [42]. This change, almost
certainly not driven by mechanical need, is now thought to be
the likely cause in postmenopausal women of the greatly in-
creased fragility of that life stage. The premenopausal rate,
measured histomorphometrically, is about 6–7%/yr at the iliac
crest. By contrast, Parfitt has recently estimated that a remod-
eling rate of 2%/yr should be sufficient to repair fatigue dam-
age [43]. Whatever the optimal structural rate may be, it now
seems certain that there is a relatively large excess of remod-
eling in ostensibly healthy, First World, adult humans that has
its basis not in structural repair, but in calcium homeostasis. To
the extent that this remodeling is a source of weakness, it
follows that remodeling reduction will strengthen bone - which
is what the data show.

The reasons for what is now recognized as a high level of
homeostatic remodeling are only partially understood. Two
explanations, pertinent to the focus of this paper, are low
calcium and vitamin D intakes. Both, as already noted, lead to
elevated PTH secretion and hence to increased bone remodel-
ing. Thus it is logical and, in retrospect, predictable, that
elevating calcium and vitamin D intakes should promptly de-
crease bony fragility. It is worth recalling that PTH secretion
drops immediately when extra calcium and vitamin D are
given, and bone resorption responds virtually immediately, as
well [16]. Thus, pre-existing resorption cavities are filled in day
by day, while new ones are being created at a reduced rate,
leading to an improvement in strength within days of starting
remodeling suppressive therapy.

But contemporary low intakes of these two key nutrients
can be only a part of the explanation for high remodeling. The
study of McKane et al. [36], previously mentioned, pushed total
calcium intakes in healthy postmenopausal women to 2400
mg/d, and did succeed in lowering 24-hr average PTH and bone
remodeling rates - but only to premenopausal levels which, if
Parfitt is correct, are still substantially higher than needed to
maintain mechanical integrity of the skeleton.

An additional, possible explanation is the shift to a seed-
based diet at the time of the agricultural revolution. Seed foods
today account for about two-thirds of the energy intake of the
global population, while our hunter-gatherer ancestors typically
got less than 5% of total calories from such sources. (This is
probably the largest shift in diet in the history of the human
race.) Seed foods are typically low in calcium and potassium,
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and high in sulfur-containing amino acids; all these character-
istics are known to be associated with increased PTH secretion.
Abbott et al. [44], examining static remodeling indices in
skeletal remains from pre- and post-agricultural populations,
found an approximate doubling of remodeling across the agri-
cultural revolution. Additionally, the agricultural revolution, by
producing surplus energy, permitted a human population ex-
plosion that forced migration to higher latitudes, where vitamin
D status became problematic.

Whether these factors, taken together, constitute a fully
adequate explanation for the elevated remodeling of modern
humans is uncertain. Nevertheless the new appreciation of the
importance of remodeling enhances the rationale for ensuring
an adequate calcium intake.

Conclusions

Several aspects of the importance of calcium for bone are
now clear that had not been understood as recently as five years
ago. Dietary calcium can augment the ability of physical ac-
tivity to strengthen growing bone through allowing increased
bone mineralization of larger bone sizes. Furthermore, because
high calcium intakes can reduce homeostatic bone remodeling,
they are likely to improve skeletal strength even if they have no
appreciable effect on bone mass or bone balance.
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Review

Cow’s Milk Allergy: A Complex Disorder
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Cow’s milk allergy (CMA) is a complex disorder. Numerous milk proteins have been implicated in allergic
responses and most of these have been shown to contain multiple allergenic epitopes. There is considerable
heterogeneity amongst allergic individuals for the particular proteins and epitopes to which they react, and to
further complicate matters, allergic reactions to cow’s milk are driven by more than one immunological
mechanism. Finally, the incidence and dominant allergic mechanisms change with age, with IgE-mediated
reactions common in infancy and non-IgE-mediated reactions dominating in adults. The complexity of CMA has
lead to many public misconceptions about this disorder, including confusion with lactose intolerance and
frequent self-misdiagnosis. Indeed, the prevalence of self-diagnosed CMA in the community is 10-fold higher
than the clinically proven incidence, suggesting a sizable population is unnecessarily eschewing dairy products.
Avoidance of dairy foods, whether for true or perceived CMA, carries with it nutritional consequences and the
provision of appropriate nutritional advice is important. In this review, the epidemiology and natural course of
CMA is discussed along with our current understanding of its triggers and immunological mechanisms. We
examine current strategies for the primary and secondary prevention of allergic sensitization and the ongoing
search for effective therapies to ultimately cure CMA.

Key teaching points

• Cow’s milk allergy is an inflammatory response to milk proteins and is distinct from lactose intolerance.
• CMA is more prevalent in infants (2–6%) than in adults (0.1–0.5%), and the dominant immunological mechanisms driving allergic

reactions change with age.
• The prevalence of self-diagnosed CMA in the community is substantially higher than the incidence reported in blinded and

controlled challenge trials, suggesting that a proportion of the population is unnecessarily eschewing dairy products
• Breast-feeding is the best preventative strategy, although it cannot eliminate the risk of allergic sensitization in infants.
• Management of CMA involves avoidance of dairy during the duration of the disease, and the provision of appropriate nutritional

advice is important to prevent nutritional deficiencies, particularly for parents of young children who have dairy withdrawn from
their diet due to either diagnosed or perceived CMA.

INTRODUCTION

Epidemiology and Natural History of CMA

Cow’s milk allergy (CMA) is a complex and often misun-
derstood disorder. A frequent misconception among the general
public is confusion between CMA and cow’s milk intolerance,
which is mainly intolerance to lactose (Fig. 1). While consum-
ers often use these terms synonymously and interchangeably
they are distinct disorders driven by different aetiological

mechanisms. Hence, they require separate methods of diagnosis
and distinct strategies for management and treatment (Table 1). It
is the involvement of the immune system in the adverse reaction
that defines food allergies. In CMA, the immune system is incor-
rectly programmed to react to innocuous milk proteins. Allergy
symptoms result from the collateral damage to tissues caused by
the immune system’s aberrant inflammatory response. Some in-
dividuals are exquisitely allergic to cow’s milk proteins and the
reactivity threshold can be as little as 0.1 mL of milk [1].

Abbreviations: CMA � cow’s milk allergy, CMI � cow’s milk intolerance, DBPCFC � double-blind, placebo-controlled food challenge, eHF � extensively-hydrolyzed
formulas, GALT � gut-associated lymphoid tissue, IgE � immunoglobulin E, IL-10 � interleukin-10, pHF � partially-hydrolyzed formulas, RAST � radioallergosorbant
test, SPT � skin prick test, TGF-� � transforming growth factor-beta, Th1 � T helper cell-type1, Th2 � T helper cell-type 2, T reg � regulatory T cell.

Address reprint requests to: Ross G. Crittenden, PhD, Food Science Australia, Private Bag 16, Werribee VIC 3030, AUSTRALIA. E-mail: ross.crittenden@csiro.au
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Cow’s milk is a member of the so-called “Big-8” food
allergens, ranking alongside egg, soy, wheat, peanuts, tree nuts,
fish and shellfish in terms of prevalence [2–5]. The incidence of
CMA varies with age. Cow’s milk is the most frequently
encountered dietary allergen in infancy when the immune sys-
tem is relatively immature and susceptible to sensitization from
environmental antigens. Hence, CMA is the dominant food
allergy in babies [6]. The reported prevalence of CMA in
infants and adults varies between studies, in part due to the

difficulties in accurate diagnosis, differences in the age of study
populations, and the clinical assessment criteria used. However,
it is clear that CMA is most prevalent in early childhood, with
figures generally reported between 2 and 6% [7–9], and de-
creases into adulthood to an incidence of 0.1–0.5% [10–11].
The long-term prognosis for the majority of affected infants is
good, with 80–90% naturally acquiring tolerance to cow’s milk
by the age of 5 years [6, 12]. However, there remains a strong
trend in infants who recover from CMA to develop atopic
symptoms such as asthma, hay fever, or dermatitis to inhalant
allergens later in life: the so-called “atopic career” or “atopic
march” [12–13]. CMA appears to be an early indicator of
atopy.

Perception versus Reality

Of concern is that the prevalence of self-diagnosed CMA in
the community is significantly higher than the incidence sup-
ported by evidence from randomised, controlled, food chal-
lenge trials. Woods et al. [10] demonstrated that the self-
diagnosed incidence of CMA in an Australian population was
10-fold higher than the clinically diagnosed prevalence. A
similar pattern has been observed with other food allergies in
other Western populations [14]. The reasons underlying this
large discrepancy between the incidences of perceived and
clinically proven milk allergy remain to be explored. Either
dairy intolerance and/or allergy extends beyond the current
diagnostic criteria, or more likely, many people misdiagnose

Table 1. Differences among the Most Prevalent Adverse Reactions to Cow’s Milk

Lactose intolerance IgE-mediated cows’ milk allergy
non-IgE-mediated cows’ milk

allergy

Prevalence high low low
Racial variation high low unknown
Common age adolescence/adulthood infancy infancy and adulthood
Offender lactose milk proteins milk proteins

other components?
Mechanism metabolic disorder

- intestinal lactase
deficiency

immunologic
- IgE

immunologic
- cell-mediated
- immune complex
- others?

Symptoms gastrointestinal (GI) one or more of GI, skin, respiratory,
anaphylaxis

mainly GI and/or respiratory

Time of onset post
ingestion

0.5–2 hours �1 hour �1 hour to days

Diagnostics lactose tolerance test; breath
test; stool acidity test;
intestinal biopsy

skin-prick test; RAST no simple diagnostic tests;
DBPCFC

Prevention
-primary — Breast-feeding. Milk protein

avoidance in infancy (0–6
months)

unknown

-secondary Avoid lactose Avoid intact milk proteins Avoid intact milk proteins
Processing options Lactose hydrolysis or

chromatographic lactose
removal

Remove allergenic epitopes. Milk
protein hydrolysis

Remove allergenic epitopes.
No suitable products
available

Fig. 1. Cow’s milk allergy is distinct from cow’s milk intolerances such
as lactose intolerance and is caused by an aberrant inflammatory
immune response to milk proteins. CMA is also not a single disease,
but possibly involves a spectrum of immunological mechanisms. It is
generally classified into IgE-mediated allergy and non-IgE-mediated
allergy.
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themselves without clinical evaluation and unnecessarily es-
chew dairy products. This carries with it nutritional implica-
tions, particularly for adequate vitamin and calcium intake and
bone health [15–17]. Misdiagnosis of CMA by parents and re-
striction of dairy intake in young children without adequate die-
tetic supervision can lead to poor nutritional outcomes for growth,
bone density and, where unorthodox alternative diets are imple-
mented, inadequate protein and energy intake [15–19].

Understanding the Mechanisms of CMA

Perhaps contributing to the prevalent public perception of
allergy is the lack of simple and reliable diagnostic tests for
many individuals with CMA. In addressing why this is the case
it is important to dispel another common misconception about
CMA. That is, while it is often thought of as a single disease,
CMA is in fact driven by at least two, and possibly more,
distinct immune pathologies. Allergies to milk are often
broadly classified into immunoglobulin E (IgE)-mediated al-
lergy and non-IgE-mediated allergy (Fig. 1) [7, 20]. The im-
munopathological mechanisms of non-IgE-mediated allergy in
particular remain poorly understood, and this has hindered the
development of simple and reliable diagnostics. Recognising
that understanding mechanisms is critical to the development of
diagnostics and effective management, treatment and therapeu-
tic strategies, numerous research groups are now focusing on
acquiring an understanding of the molecular and cellular mech-
anisms of CMA. The following sections outline what we cur-
rently know about the triggers and immunology of CMA and
how this knowledge is being applied in disease management,
prevention and treatment.

BACKGROUND

Milk Protein Allergens

While some similarities exist between the protein composi-
tion of bovine and human milk (Table 2), there are substantial
differences in the types of proteins and their homologies that

provide ample scope for cow’s milk proteins to be recognized
as foreign by the human immune system [21–22]. In most
people the immune system is able to recognise the milk pro-
teins as harmless and tolerate them. However, in allergic indi-
viduals the immune system becomes sensitized to the milk
proteins and mounts a damaging inflammatory response. The
reasons why an unfortunate few develop CMA are not well
understood. There appears to be a hereditary predisposition, but
the phenotypic expression of allergy depends on a complex
interaction between genetic and environmental factors [23] and
the fundamental mechanisms of sensitization remain unclear.

In contrast, our understanding of the number and nature of
allergenic determinants in milk is rapidly improving. It is
known that both the allergy triggers in milk and the immune
responses to those triggers in allergic individuals are multifar-
ious. For example, most major cow’s milk proteins (more than
30 so far) have been implicated in allergic responses, including
both casein and whey proteins [21]. Epitope mapping of a
number of milk proteins has revealed multiple allergenic
epitopes within each protein, both for B cells that produce
antibodies, and for T cells that direct both antibody and cell-
mediated immune responses [22, 25–30]. Additionally, there is
considerable heterogeneity amongst allergic individuals for the
particular proteins and epitopes to which they react [21]. While
there is scope for further epitope mapping of milk proteins, the
complexity of antigenic determinants in milk is already apparent,
as is the scale of the challenge to selectively eliminate them.

Immunological Mechanisms in CMA

Since different mechanisms are involved in driving CMA,
different approaches are required for diagnosis and eventual
treatments. A basic appreciation of the immunology of CMA is
helpful in understanding the basis of strategies for prevention
and therapies currently under investigation.

IgE-Mediated CMA (Immediate Hypersensitivity). IgE-
mediated allergy is the best-understood allergy mechanism and,
in comparison to non-IgE-mediated reactions, is relatively eas-
ily diagnosed. Since the onset of symptoms is rapid, occurring
within minutes to an hour after allergen exposure, IgE-medi-
ated allergy is often referred to as “immediate hypersensitivity”
[31]. In healthy immune systems, this type of inflammatory
response has evolved to target multicellular parasites such as
worms [31]. Allergic responses occur when benign environ-
mental antigens, such as food proteins, are incorrectly targeted.

The development of IgE-mediated CMA occurs in two
stages. The first, “sensitization”, occurs when the immune
system is aberrantly programmed to produce IgE antibodies to
milk proteins. These antibodies attach to the surface of mast
cells and basophils, arming them with an allergen-specific
trigger. Subsequent exposure to milk proteins leads to “activa-
tion” when the cell-associated IgE binds the allergenic epitopes
on the milk proteins and triggers the rapid release of powerful
inflammatory mediators leading to allergy symptoms (Fig. 2).

Table 2. Typical Compositions of the Major Proteins in
Human and Cow’s Milk.

Protein Human (mg/mL) Cow (mg/mL)

�-lactalbumin 2.2 1.2
�-s1-casein 0 11.6
�-s2-casein 0 3.0
�-casein 2.2 9.6
�-casein 0.4 3.6
�-casein 0 1.6
immunoglobulins 0.8 0.6
lactoferrin 1.4 0.3
�-lactoglobulin 0 3.0
lysozyme 0.5 trace
serum albumin 0.4 0.4
other 0.8 0.6
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The symptoms associated with IgE-mediated CMA include
one or more of cutaneous (eczema; urticaria; angioderma),
gastrointestinal (oral allergy syndrome; nausea; vomiting; di-
arrhoea) or respiratory manifestations (rhinoconjunctivitis;
asthma) [7]. Life-threatening anaphylactic reactions to cow’s
milk may also occur, but are fortunately rare [32]. Since reac-
tions to cow’s milk proteins can occur on contact with the
mouth or lips, strategies to reduce allergenicity by improving
protein digestibility in the gut are unlikely to be effective for all
allergic individuals.

Simple diagnostic procedures, such as skin-prick tests (SPT)
and RAST (radioallegosorbant test), can be used to identify
individuals with IgE-mediated CMA, although both of these
tests produce false-positive results in some individuals [33].
Food elimination and challenge testing are sometimes required
to confirm milk allergy, and double-blind, placebo-controlled,
food challenge (DBPCFC) testing remains the gold standard
diagnostic. IgE-mediated reactions account for an estimated
half of the CMA cases in young children [7, 34], but are rare in
adults. Woods et al. [10] reported an incidence of 0.1% chal-
lenge-confirmed IgE-mediated CMA in a randomised popula-
tion of more than 3000 Australian adults, a finding that was
recently supported in a study of German adults [5].

Non-IgE-Mediated CMA (Delayed Hypersensitivity). A
significant proportion of infants and the majority of adults with
CMA do not have circulating milk protein-specific IgE and
show negative results in skin prick tests and RAST [7, 35, 36].
These non-IgE-mediated reactions tend to be delayed, with the
onset of symptoms occurring from 1 hour to several days after
ingestion of milk. Hence, they are often referred to as “delayed
hypersensitivity” [37]. As with IgE-mediated reactions, a range
of symptoms can occur, but are most commonly gastrointesti-
nal and/or respiratory in nature [7]. The gastrointestinal symp-
toms, such as nausea, bloating, intestinal discomfort and diar-
rhoea, mirror many of those that are symptomatic of lactose
intolerance, complicating self-diagnosis. Anaphylaxis is not a
feature of non-IgE mediated mechanisms [37]. IgE and non-IgE
mediated reactions are not mutually exclusive and reactions to
milk can involve a mixture of immunological mechanisms [37].
Adults with non-IgE-mediated allergy to milk tend to suffer
ongoing allergy without the development of milk tolerance.

The precise immunopathological mechanisms of non-IgE-
mediated CMA remain unclear. A number of mechanisms have
been implicated, including type-1 T helper cell (Th1) mediated
reactions (Fig. 2) [38–44], the formation of immune complexes
leading to the activation of Complement [45], or T-cell/mast
cell/neuron interactions inducing functional changes in smooth
muscle action and intestinal motility [46–48].

There appears to be a discrepancy between reportedly
higher rates of natural recovery during childhood from non-
IgE-mediated CMA (compared to IgE-mediated CMA) [6, 12,
49], and the predominance of non-IgE-mediated CMA in adult
populations [10, 35–36]. This suggests that a non-IgE-mediated
CMA population emerges later in life. In a study of different

age groups in Germany, Zuberbier et al. [5] reported an in-
crease in the incidence of non-IgE-mediated food allergies with
increasing age. However, the emergence of a new CMA pop-
ulation in adults remains to be conclusively demonstrated.
Good epidemiological data for non-IgE-mediated CMA in both
adults and children remains scarce because tedious DBPCFC
trials remain the only truly conclusive diagnostic tests to con-
firm this form of allergy [50]. In many cases, gastrointestinal
food allergy remains undiagnosed or is classified as irritable
bowel syndrome.

Dysfunctional Tolerance. Even in the midst of a discussion
on allergy it should be remembered that the majority of infants
and adults are not allergic to cow’s milk proteins. Understand-
ing how this tolerance is mediated is central to developing
strategies to prevent or treat allergy. Food antigens contact the
immune system throughout the intestinal tract via the gut
associated lymphoid system (GALT), where interactions be-
tween antigen presenting cells and T cells direct the type of
immune response mounted (Fig. 2). Unresponsiveness of the
immune system to dietary antigens is termed “oral tolerance”
and is believed to involve the deletion or switching off (anergy)
of reactive antigen-specific T cells and the production of reg-
ulatory T cells (T reg) that quell inflammatory responses to
benign antigens [51–53].

Fig. 2. Mechanisms of allergic reactions to milk proteins. Milk proteins
are pinocytosed by antigen presenting cells (APC) and peptide epitopes
are presented to T cells. Dendritic cells are an important class of APCs
with a strong ability to program naive T cells. In IgE-mediated allergy,
Th2 effector T cells signal B cells via interleukin-4 (IL-4) to class
switch antibody production to allergenic milk protein-specific IgE,
which then binds to, and arms, mast cells (sensitization). Milk proteins
cross-linking the IgE on armed mast cells cause cell degranulation and
rapid release of powerful inflammatory mediators (activation). Non-
IgE-mediated mechanisms are poorly understood, but may involve
activation of inflammatory cells via interferon-gamma (IFN-�). Oral
tolerance is achieved by T cell anergy, or by the action of regulatory T
cells (T reg) that suppress the action of effector T cells (Th1 and Th2)
via interleukin-10 (IL-10), transforming growth factor-beta (TGF-�),
or cell-to-cell contact.
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CMA is believed to result from the failure to develop these
tolerogenic processes or from their later breakdown. In the case
of IgE-mediated CMA, a deficiency in regulation and a polari-
sation of milk-specific effector T cells towards type-2 T helper
cells (Th2) lead to signalling of B-cells to produce milk pro-
tein-specific IgE [24, 40] (Fig. 2). Non-IgE-mediated reactions
may be due to Th1 mediated inflammation [7]. Dysfunctional T
reg cell activity has been identified as a factor in both allergy
mechanisms [54–55]. Additionally, the induction of tolerance
in children who have outgrown their CMA has been shown to
be associated with the development of T reg cells [56–57].
Much research is currently focused on manipulating the activity
of dendritic cells (specialised antigen presenting cells important
in programming immune responses) to induce T reg cells
and/or to redress Th1/Th2 imbalances in order to promote
tolerance to allergenic foods.

DESCRIPTION OF SUBJECT

Management and Treatment of CMA

There is currently no cure for CMA and the only effective
management strategy is avoidance of intact cow’s milk proteins
throughout the duration of the disease. The homologies be-
tween various mammalian milk proteins means that milks from
other species (for example, goats and sheep) share many aller-
genic epitopes with cow’s milk proteins and are often not
reliable hypoallergenic cow’s milk substitutes [58–60]. Indi-
viduals with CMA are also often allergic to a number of foods
including soy, which is one of the “Big-8” allergens [61].
Hence, soymilk is often not a suitable alternative, and is espe-
cially not recommended for young infants (� 6 months) who
are more susceptible to allergic sensitization [62]. Hypoaller-
genic infant formulas are available for CMA infants who can-
not be breast-fed, while for adults with CMA the inclusion of
milk proteins in an ever-expanding array of processed foods
provides an increasing challenge to the management of their
conditions.

Intervention strategies in CMA have been targeted at three
levels; 1) primary prevention of initial sensitization; 2) second-
ary prevention of the triggering of allergic reactions; and 3)
induction of tolerance in already sensitized individuals (spe-
cific immunotherapy, SIT). While there is general scientific
agreement on how to manage the triggering of allergic reac-
tions, debate on the most effective strategies to avoid initial
sensitization remains intense, and more fundamental research
into allergy and tolerance mechanisms is required to allow
targeted strategies to induce tolerance.

Primary Prevention of Sensitization

CMA has a strong hereditary prevalence and currently fa-
milial history of atopy is the best predictive test for identifying
children at risk of developing CMA. The precise point at which

infants become sensitized to milk proteins is still controversial,
which contributes to the sometimes fierce debate as to the best
methods to prevent sensitization. There is emerging evidence
from studies of cord bloods that both sensitization and the
acquisition of tolerance can begin in utero [8, 63]. The window
of main danger for sensitization to food proteins extends pre-
natally, remaining most critical during early infancy when the
immune system and intestinal tract are still maturing.

Breastfeeding Is the Best Preventative for CMA. Al-
though sensitization may perhaps begin in utero, there is no
conclusive evidence to support the restriction of dairy intake in
the maternal diet during pregnancy in order to prevent CMA. It
is generally not recommended since the drawbacks in terms of
loss of nutrition out-weigh the benefits [64–65]. Breastfeeding
during the first 4–6 months is the most protective strategy
known against the development of CMA [66]. Traces of cow’s
milk proteins ingested by the mother can be transferred to the
sucking infant through breast milk [8], and exclusive breast-
feeding does not completely eliminate the risk [67]. For at-risk
infants, there are indications that maternal avoidance of dairy
proteins during lactation can further minimize the risk of infant
sensitization [65]. However, further randomised, controlled
trials are required to examine if dietary exclusion by lactating
mothers can truly minimize risk to a significant degree and if
any reduction in risk is out-weighed by deleterious impacts on
maternal nutrition.

For a variety of reasons, some babies cannot be breast-fed
and require infant milk formulas. Evidence from a number of
prospective studies indicates that the use of hydrolyzed formu-
las in early infancy provides better protection than the use of
formulas with intact cow’s milk proteins, especially in at-risk
infants (having at least one atopic parent) [8, 66, 68–69]. It
remains to be seen if these hydrolyzed formulas provide any
protection against the later development of atopic disease [70].
A Cochrane analysis of studies comparing soy to hydrolyzed
cow’s milk formula found a significant increase in infant and
childhood allergy cumulative incidence and infant eczema in
infants fed soy formula [71]. The authors concluded that soy
formula should not be recommended for the prevention of
allergy or food intolerance in infants at high risk of allergy or
food intolerance.

Partially Hydrolyzed Formulas (pHF). The proteins in
hypoallergenic cow’s milk infant formulas are extensively hy-
drolyzed in order to destroy allergenic epitopes. While these
extensively hydrolyzed formulas (eHF) remove allergenicity,
the loss of immunogenicity also prevents the immune system
from developing tolerance to milk proteins. Partially hydro-
lyzed cow’s milk formulas (pHF) have been developed with the
aim of minimizing the number of sensitizing epitopes within
milk proteins, while at the same time retaining peptides with
sufficient size and immunogenicity to stimulate the induction
of oral tolerance. Since they contain larger peptides than eHF,
pHF trigger activation of symptoms in a relatively large per-
centage of already sensitized infants [72] and are therefore not
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recommended where there is a risk of severe CMA symptoms
[64]. Human intervention studies in at-risk infants have shown
that pHF reduce the incidence of atopic dermatitis in the first 2
years compared to intact cow’s milk protein formulas [8, 73–
74]. However, despite animal studies indicating that pHF have
an increased capacity to induce tolerance [75–77], there re-
mains no clear evidence from human studies that they are better
than eHF in preventing CMA [23, 70]. Further prospective
human feeding studies are required to establish if they can play
a useful role in preventing CMA.

Probiotics. Epidemiological evidence shows that allergy is
more common in industrialized countries than in developing
nations and more frequent in urban compared to rural commu-
nities [78]. This has lead to the development of the “hygiene
hypothesis”, which speculates that a decline in Th1-inducing
exposure to pathogens and parasites contributes to the Th2-
skewed immunity seen in IgE-mediated allergies [79–80]. Pro-
viding a microbial challenge in the form of dietary probiotic
bacteria (live Lactobacillus and Bifidobacterium cultures used
in fermented dairy products) has redressed Th1/Th2 imbalances
and induced regulatory T cell activity in animal studies [70,
81–82]. Interestingly, controlled feeding studies using probiot-
ics in human infants have produced clinically significant ame-
liorations of atopic dermatitis [83–84] that have been main-
tained up to the age of 4 years [85]. Probiotics are now included
in some infant formulas, together with oligosaccharides (pre-
biotics), which can induce the development of a Bifidobacte-
rium-dominated intestinal microbiota, replicating the effect of
human breast milk. Although still in its infancy, the use of
probiotics, prebiotics and components of intestinal parasites in
the prevention of allergy [86] is an exciting and burgeoning
area of research.

Immune Factors in Milk. Regulatory cytokines in human
milk, such as transforming growth factor-beta (TGF-�), play an
important role in promoting appropriate responses to food
antigens during early infancy when the gut immune system is
still developing [87]. However, cow’s milk-based infant for-
mulas are generally deficient in regulatory cytokines [88].
Using a rodent model, Penttila et al. [89] reported that supple-
menting infant formulas with cow’s milk fractions rich in
immunoregulatory factors enhanced the development of oral
tolerance to food antigens. In the future, replicating the immu-
noregulatory capacity of human breast-milk may prove a valu-
able strategy to promote the tolerogenicity of cow’s milk for-
mulas.

Secondary Prevention: Making Cow’s Milk Proteins
Less Allergenic

For individuals who are already sensitized to cow’s milk,
CMA is managed by the avoidance of intact cow’s milk pro-
teins. The sheer number of allergenic epitopes and their con-
formational and sequence-based nature preclude the use of
genetic selection or protein denaturation processes such as

heating to remove allergenicity. Manufacturers of hypoaller-
genic infant milk formulas have approached the problem by
destroying allergenic epitopes through extensive hydrolysis of
milk proteins to peptides typically smaller than 1500 Da [66,
90]. These extensively hydrolyzed formulas (eHF) successfully
prevent the triggering of allergy symptoms in the majority of
allergic infants [90] and are evidently effective for both IgE-
mediated and non-IgE-mediated reactions. In a small percent-
age of cases, even eHF trigger symptoms in highly sensitive
infants and amino acid-based formulas are required [90]. While
extensive hydrolysis eliminates allergenicity, it also destroys
the physical and biological functionalities of milk proteins, and
the search for alternative methods to produce hypoallergenic
milks continues [91–96].

Curing Allergy: Immunotherapy

Specific immunotherapy (SIT) aims to induce immune reg-
ulation in sensitized individuals through controlled exposure to
the allergen, which is often modified to prevent the triggering
of adverse reactions. To date, trials of SIT for CMA have been
limited largely to experimental animal models. Systemic im-
munizations using milk proteins, or recombinant milk protein
fragments with appropriate adjuvants, have induced tolerogenic
responses in Th2 skewed rodent [97–98] and dog models of
CMA [99]. Similarly, the use of a DNA vaccine using a
bacterial plasmid encoding the milk protein �-lactoglobulin has
also been effective in inducing tolerance in a mouse model
[100]. Recombinant bacteria expressing milk proteins and pep-
tides have also been developed for oral vaccinations [97, 101],
although they have not yet been effective in inducing tolerance
to cow’s milk proteins.

A recent report has detailed a protocol for oral desensitiza-
tion in older children with severe IgE-mediated CMA [102].
The experiment showed that gradually increasing the daily oral
dose of milk protein over a period of months improved tolerance
to cow’s milk in the majority of patients (15 of 21). This prelim-
inary result requires confirmation in larger, double-blind, placebo-
controlled studies. However, it shows that SIT has the potential to
benefit food allergy sufferers in a similar way to its current
effective use for desensitizing people against aeroallergens.

CONCLUSION

Recent years have seen major advances in our understand-
ing of the immunological processes involved in the develop-
ment of CMA and importantly, oral tolerance to food antigens.
They have revealed the complexity of CMA in terms of the
number of allergenic epitopes, the heterogeneity of allergic
responses, and the potential diversity in immunological path-
ways leading to allergy symptoms. The epidemiology of CMA
requires further investigation, but it is clear that it is more
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frequent in young children (2–6%) and then decreases in prev-
alence among adults (0.1–0.5%). Importantly, the prevalence
of self-diagnosed CMA in the community far exceeds the
clinically proven incidence leading to unnecessary avoidance
of dairy foods with nutritional consequences in terms of inad-
equate calcium and vitamin intake. While the mechanisms of
IgE-mediated allergy are fairly well understood, the immunol-
ogy and variety of non-IgE mediated reactions remains largely
unknown. A better understanding of these allergy mechanisms
is a prerequisite to the development of improved diagnostics,
which in turn will facilitate an improved understanding of the
epidemiology of CMA, particularly for non-IgE-mediated re-
actions. It will also aid the development of hypoallergenic dairy
products, especially for adults with CMA for whom there is
currently a dearth of suitable low-allergenic dairy products.

Some of the risk factors for the development of CMA have
been identified, with a familiar history of atopy one of the main
determinants. However, the mechanisms of allergic sensitiza-
tion and the precise interactions between genetics and various
environmental factors leading to CMA remain to be elucidated.
The first few months of life, during which the immune system
is still maturing, appears to be a critical risk period for the
allergic sensitization. For at-risk infants with at least one atopic
parent, breast-feeding during this period is currently the best
identified preventative strategy, with the use of hydrolyzed
formulas recommended for babies who cannot be breast-fed.
The use of immunomodulatory dietary adjuvants such as pro-
biotics is an emerging approach with considerable promise for
primary prevention.

For CMA sufferers, avoidance of dietary milk proteins
remains the only effective management strategy, but carries
with it nutritional implications, particularly for adequate vita-
min and calcium intake, and protein and energy intake where
unorthodox alternative diets are implemented. A growing un-
derstanding of the molecular and cellular mechanisms of oral
tolerance is underpinning advances in potential therapies for
food allergies and is pivotal to eventually curing allergy in
sensitized individuals. Unravelling the links between innate and
adaptive immunity and the roles of dendritic cells and T cells in
directing immune responses and homeostasis to environmental
antigens are likely to remain a focus of fundamental food
allergy research in coming years.
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8. Exl B-M, Fritsché R: Cow’s milk protein allergy and possible
means for its prevention. Nutr 17:642–651, 2001.

9. Garcia-Ara MC, Boyano-Martinez MT, Diaz-Pena JM, Martin-
Munoz MF, Martin-Esteban M: Cow’s milk-specific immuno-
globulin E levels as predictors of clinical reactivity in the fol-
low-up of the cow’s milk allergy infants. Clin Exp Allergy
34:866–870, 2004.

10. Woods RK, Thien F, Raven J, Walters EH, Abramson MA:
Prevalence of food allergies in young adults and their relationship
to asthma, nasal allergies, and eczema. Ann Allergy Asthma
Immunol 88:183–189, 2002.

11. Bindels JG, Hoijer M: Allergens: latest developments, newest
techniques. Bull Int Dairy Fed 351:31–32, 2000.

12. Høst A, Halken S, Jacobsen HP, Christensen AE, Herskind AM,
Plesner K: Clinical course of cow’s milk protein allergy/
intolerance and atopic diseases in childhood. Pediatric Allergy
Immunol 13 (Supp 15): 23–28, 2002.

13. Isolauri E: Cow-milk allergy. Environ Toxicol Pharmacol 4:137–
141, 1997.

14. Sicherer SH: Food allergy. Lancet 360:701–710, 2002.
15. Henriksen C, Eggesbo M, Halvorsen R, Botten G: Nutrient intake

among two-year-old children on cows’ milk-restricted diets. Acta
Paediatrica 89:272– 278, 2000.

16. Black RE, Williams SM, Jones IE, Goulding A: Children who
avoid drinking cow milk have low dietary calcium intakes and
poor bone health. Am J Clin Nutr 76:675–680, 2002.

17. Hidvegi E, Arato A, Cserhati E, Horvath C, Szabo A: Slight
decrease in bone mineralization in cow milk-sensitive children.
J Pediatr Gastroenterol Nutr 36:44–49, 2003.

18. Liu T, Howard RM, Mancini AJ, Weston WL, Paller AS, Drolet
BA, Esterly NB, Levy ML, Schachner L, Frieden IJ: Kwashiorkor
in the United States: fad diets, perceived and true milk allergy,
and nutritional ignorance. Arch Dermatol 137:630–636, 2001.

19. Carvalho NF, Kenney RD, Carrington PH, Hall DE: Severe
nutritional deficiencies in toddlers resulting from health food
milk alternatives. Pediatr 107:E46, 2001.

Cow’s Milk Allergy: A Complex Disorder

588S VOL. 24, NO. 6



20. Eigenmann PA, Frossard CP: The T lymphocyte in food-allergy
disorders. Curr Opin Allergy Clin Immunol 3:199–203, 2003.

21. Wal J-M: Cow’s milk proteins/allergens. Annal Allergy Asthma
Immunol 89: 3–10, 2002.

22. Järvinen KM, Chatchatee P, Bardina L, Beyer K, Sampson HA:
IgE and IgG binding epitopes on alpha-lactalbumin and beta-
lactoglobulin in cow’s milk allergy. Int Arch Allergy Immunol
126:111–118, 2001.

23. Halken S: Prevention of allergic disease in childhood: clinical and
epidemiological aspects of primary and secondary allergy pre-
vention. Pediatr Allergy Immunol 15 (Suppl 16): 4–5, 9–32,
2004.

24. Schade RP, Tiemessen MM, Knol EF, Bruijnzeel-Koomen CA,
van Hoffen E: The cow’s milk protein-specific T cell response in
infancy and childhood. Clin Exp Allergy 33:725–730, 2003.

25. Nakajima-Adachi H, Hachimura S, Ise W, Honma K, Nishiwaki
S, Hirota M, Shimojo N, Katsuki T, Ametani A, Kohno Y,
Kaminogawa S: Determinant analysis of IgE and IgG4 antibodies
and T cells specific for bovine alpha(s)1-casein from the same
patients allergic to cow’s milk: existence of alpha(s)1-casein-
specific B cells and T cells characteristic in cow’s-milk allergy. J
Allergy Clin Immunol 101:660–671, 1998.

26. Inoue R, Matsushita S, Kaneko H, Shinoda S, Sakaguchi H,
Nishimura Y, Kondo N: Identification of beta-lactoglobulin-
derived peptides and class II HLA molecules recognized by T
cells from patients with milk allergy. Clin Exp Allergy 31:1126–
1134, 2001.

27. Chatchatee P, Järvinen KM, Bardina L, Beyer K, Sampson HA:
Identification of IgE- and IgG-binding epitopes on alpha(s1)-
casein: differences in patients with persistent and transient cow’s
milk allergy. J Allergy Clin Immunol 107: 379–383, 2001.

28. Chatchatee P, Järvinen KM, Bardina L, Vila L, Beyer K, Samp-
son HA: Identification of IgE and IgG binding epitopes on beta-
and kappa-casein in cow’s milk allergic patients. Clin Exp Al-
lergy 31:1256–1262, 2001.

29. Busse PJ, Järvinen KM, Vila L, Beyer K, Sampson HA: Identi-
fication of sequential IgE-binding epitopes on bovine alpha(s2)-
casein in cow’s milk allergic patients. Int Arch Allergy Immunol
129:93–96, 2002.

30. Cocco RR, Jarvinen KM, Sampson HA, Beyer K: Mutational
analysis of major, sequential IgE-binding epitopes in alpha s1-
casein, a major cow’s milk allergen. J Allergy Clin Immunol
112:433–437, 2003.

31. Roitt I, Brostoff J, Male D: “Immunology,” 6th ed., New York:
Mosby, 2001.

32. Eigenmann PA: Anaphylaxis to cow’s milk and beef meat pro-
teins. Ann Allergy Asthma Immunol 89 (Suppl 1):61–64, 2002.

33. Fiocchi A, Bouygue GR, Restani P, Bonvini G, Startari R, Ter-
racciano L: Accuracy of skin prick tests in IgE-mediated adverse
reactions to bovine proteins. Annal Allergy Asthma Immunol
89:26–32, 2002.

34. Heine RG, Elsayed S, Hosking CS, Hill DJ: Cow’s milk allergy
in infancy. Curr Opin Allergy Clin Immunol 2:217–225, 2002.

35. Pelto L, Laitinen I, Lilius E-M: Current perspectives on milk
hypersensitivity. Trends Food Sci Technol 10:229–233, 1999.

36. Pelto L, Impivaara O, Salminen S, Poussa T, Seppänen R, Lilius
E-M: Milk hypersensitivity in young adults. Eur J Clin Nutr
53:620–624, 1999.

37. Sabra A, Bellanti JA, Malka Rais J, Castro HJ, Mendez de
Inocencio J, Sabra S: IgE and non-IgE food allergy. Annal Al-
lergy Asthma Immunol 90:71–76, 2003.

38. Augustin M, Karttunen TJ, Kokkonen J: TIA1 and mast cell
tryptase in food allergy of children: increase of intraepithelial
lymphocytes expressing TIA1 associates with allergy. J Pediatr
Gastroenterol Nutr 32:11–18, 2001.

39. Veres G, Helin T, Arato A, Färkkilä M, Kantele A, Suomalainen
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Lactobacillus bulgaricus proteinase expressed in Lactococcus
lactis is a powerful carrier for cell wall-associated and secreted
bovine beta-lactoglobulin fusion proteins. Appl Environ Micro-
biol 68: 2917–2923, 2002.

102. Meglio P, Bartone E, Plantamura M, Arabito E, Giampietro PG:
A protocol for oral desensitization in children with IgE-mediated
cow’s milk allergy. Allergy 59:980–987, 2004.

Received September 9, 2005.

Cow’s Milk Allergy: A Complex Disorder

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 591S


	Introduction
	Dietary Protein: An Essential Nutrient For Bone Health
	The Role of Dairy Foods in Weight Management
	Milk Consumption Does Not Lead to Mucus Production or Occurrence of Asthma
	Dairy Product Consumption and the Risk of Breast Cancer
	The Myth of Increased Lactose Intolerance in African-Americans
	Newer Perspectives on Calcium Nutrition and Bone Quality
	Cow’s Milk Allergy: A Complex Disorder

