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ILK PRODUCTS FROM COWS AND OTHER NONHUMAN MAMMALS ARE

major components of traditional Western diets, especially in cold climates.

The recommended intake of milk or equivalent portions of cheese, yogurt,
or other dairy products in the United States is three 8-0z (237 ml) servings per day
for adults and children 9 years of age or older, an amount that is substantially
higher than the current average intake among adults of 1.6 servings per day.! The
recommended intake amount has been justified to meet nutritional requirements
for calcium and reduce the risk of bone fractures. However, the health benefit of
a high intake of milk products has not been established, and concerns exist about
the risks of possible adverse health outcomes. Therefore, the role of dairy con-
sumption in human nutrition and disease prevention warrants careful assessment.

COMPOSITION OF DAIRY PRODUCTS

Because the natural function of milk is to nourish and promote the growth of
young mammals, it contains all essential nutrients as well as multiple anabolic
hormones (Table 1).3° To increase milk production, cows have been bred to pro-
duce higher levels of insulin-like growth factor I (IGF-I),” and they are pregnant
for most of the time they are milked,® which greatly increases levels of progestins,
estrogens, and other hormones in milk.’

Milk processing has many potential health implications. Pasteurization reduces
transmission of brucellosis, tuberculosis, and other pathogens. Fermentation to
produce aged cheese, yogurt, kefir, and other products denatures peptide hor-
mones, alters protein antigens, reduces lactose content, and affects bacterial com-
position.! Fractionation yields butter, reduced-fat products, and whey protein, and
fortification with vitamins A and D can supplement diets.

GROWTH AND DEVELOPMENT

If breast milk is not available, cow’s milk (as the basis of infant formula for chil-
dren younger than 1 year of age) can add important nutritional value during early
childhood. However, normal growth and development can be obtained throughout
childhood without dairy products if attention is given to diet quality,"! including
the use of supplemental B , in diets that include few animal products and vitamin
D to compensate for low sun exposure.

Even with adequate overall nutrition, milk consumption augments longitudinal
growth and attained height.'*** Whether this growth-promoting effect is caused
by specific amino acids, anabolic hormones, or other factors is not clear. Cow’s
milk contains substantial amounts of the branched-chain amino acids leucine,
isoleucine, and valine, which are key to protein quality. Consumption of these
amino acids by humans increases plasma concentrations of IGF-I, which mediates
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growth hormone action,”?° and leucine specifi-
cally activates the mammalian target of rapamy-
cin (mTOR) pathway, which promotes cell repli-
cation and inhibits apoptosis.”> However, the
health consequences of accelerated growth and
greater adult height are complex. Tall stature is
associated with lower risks of cardiovascular
disease” but with higher risks of many can-
cers,” hip fractures,* and pulmonary emboli.??

BONE HEALTH AND FRACTURE RISK

A central rationale for high lifelong milk con-
sumption has been to meet calcium require-
ments for bone health (Table 2).° Paradoxically,
countries with the highest intakes of milk and
calcium tend to have the highest rates of hip
fractures (Fig. 1).3*3! Although this correlation
may not be causal and might be due to con-
founding by factors such as vitamin D status
and ethnicity, low dairy consumption is clearly
compatible with low rates of hip fracture.

The basis for the U.S. recommendations for
milk consumption derives from studies assess-
ing the balance of calcium intake and excretion
in just 155 adults in whom the estimated calcium
intake needed to maintain balance was 741 mg
per day.”3?* Beyond small size, these balance
studies have other serious limitations, including
short duration (2 to 3 weeks) and high habitual
calcium intakes. By contrast, the estimated bal-
ance was attained at approximately 200 mg of
dietary calcium per day among Peruvian men
with low habitual calcium intake,® a finding
consistent with the ability of the body to greatly

Table 1. Nutrient Composition of Human and Cow’s Milk and Cheese.*
Human Whole-Fat Fat-Free Cheddar
Component Milk Cow’s Milk  Cow’s Milk Cheesey
(per 237 ml)
No. of kcal 172 149 83 149
Protein — g 2.5 7.7 8.2 8.4
Total fat—g 10.8 7.9 0.2 12.3
Saturated fat—g 4.9 4.6 0.1 7.0
Carbohydrate — g 16.9 11.7 12.1 1.1
Calcium — mg 78.7 276.0 298.0 262.0
Potassium — mg 125.0 322.0 381.0 28.0
Phosphorus — mg 34.4 205.0 246.0 167.9

* Values are from the U.S. Department of Agriculture.?
T The amount of cheese (37 g) is isocaloric with 237 ml of whole milk.

upregulate absorption when dietary calcium is
low. In randomized trials that used bone min-
eral density as a surrogate for fracture risk, cal-
cium supplements of 1000 to 2000 mg per day
resulted in 1 to 3% greater bone mineral density
than placebo. If sustained, this small divergence
could be important. However, after 1 year, the
rate of change in bone mineral density among
late perimenopausal and postmenopausal women
equaled that of placebo*; with discontinuation
of supplementation, the small difference in bone
mineral density is lost.*® Because of this tran-
sient phenomenon, trials lasting 1 year or less
can be misleading,* and the 2-to-3-week balance
studies used to establish calcium requirements
have limited relevance to fracture risk.>* We there-
fore think that cross-sectional studies can pro-

Table 2. Suggested Calcium Intake Amounts, According to the United States, United Kingdom, and World Health
Organization, by Age.
Source Age Group

Otolyr lto3yr 4to 18 yr 19to 50 yr 51to 70 yr >70yr

milligrams per day
United States™ — 700 1000 (4-8 yr) 1300 (9-18 yr) 1000 1000 (M), 1200
1200 (F)
United Kingdom{ 525 350 450 (4-6yr), 1000 (11-18 yr, M), 7003 700
550 (7-10yr) 800 (11-18 yr, F)

WHOSf — — — 500 500 500

* Data are from the Institute of Medicine.?® F denotes female, and M male.

7 Data are from the Committee on Medical Aspects of Food and Nutrition Policy, U.K. Department of Health.?
i Intake during lactation is recommended to be increased by 550 mg per day.?®

§ Data are from the World Health Organization (WHO) Report of a Joint WHO/FAO Expert Consultation.”
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Figure 1. Milk Consumption and Hip Fractures.
Shown are milk consumption (as the proportion of total energy intake) and age-standardized rates of hip fractures per
100,000 persons per year. Data on national milk intake (including all forms of milk, cheese, and other derived prod-
ucts) are from the Food and Agriculture Organization of the United Nations,? and nationally representative hip fracture
rates, which are for men and women combined, standardized to the 2010 world population, are from Kanis et al.?

vide additional useful information on steady-
state bone mineral density. Among nearly 10,000
men and women representative of the U.S. popu-
lation, calcium intake was unrelated to bone
mineral density at the hip.>

In a meta-analysis of prospective studies, total
calcium intakes ranging from less than 555 mg
per day to more than 1100 mg per day were un-
related to the risk of hip fracture.’” In other
meta-analyses of prospective studies, milk intake
(ranging from fewer than 1.5 servings per week
to 30 or more servings per week) or total dairy
food consumption was unrelated to the risk of
hip fracture in men or women.?*° Both positive
and inverse associations have been observed in
subsequent studies**?; the overall evidence does
not support a benefit of higher dairy consump-
tion for prevention of hip fractures.

Clinical trials examining calcium supple-

ments and the risk of fractures are complicated
to interpret because most supplements included
both calcium and vitamin D; studies of calcium
alone are limited in size, number, and duration.
In a meta-analysis of five trials in which a total
of 6740 patients with a total of 814 nonvertebral
fractures received either calcium-only supple-
ments or placebo,” no significant benefit from
calcium was seen in reducing the number of all
nonvertebral fractures (relative risk, 0.92; 95%
confidence interval [CI], 0.81 to 1.05), and the
risk of hip fracture was greater among persons
who received calcium supplements than among
those who received placebo (relative risk, 1.64;
95% CI, 1.02 to 2.64).

Estimation of calcium requirements for chil-
dren is problematic because a positive balance is
needed for growth, and recommendations reflect
this uncertainty. In the United States, the recom-
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mended daily allowance of calcium is 1000 mg
per day for children 4 to 8 years of age, whereas
in the United Kingdom 450 to 550 mg per day is
considered adequate (Table 2). Among girls in
the early stages of puberty, calcium balance was
positive even with an intake of less than 400 mg
per day,® and among children 4 to 8 years of
age, calcium intake was uncorrelated with bone
mineral density.** Studies of calcium or dairy
supplementation and bone mineral density in
children show the same transient phenomenon
observed in adults. Although with supplementa-
tion a small increase — or no increase — in bone
mineral density is observed,” increases do not
persist after discontinuation,** thus providing
no evidence that high calcium intake is needed
during childhood to serve as a “bank” for calci-
um throughout life. In a randomized trial, con-
sumption of three additional servings of milk or
equivalent dairy foods per day for 18 months by
girls and boys in early stages of puberty who had
calcium intakes below 800 mg per day had no
effect on bone mineralization.® These findings
suggest a fairly low threshold for calcium intake,
above which higher intake has little additional
effect on bone mineralization. Although concern
has been raised about the effects on calcium
balance of the high phosphorous content of cow’s
milk (Table 1), in a large cross-sectional study in
the United States, phosphorus intake tended to be
positively associated with bone mineral density.>

Because milk increases attained height, and
taller height is strongly related to fractures of
the hip and other bones,* high milk consump-
tion during adolescence was examined in relation
to the risk of hip fractures later in life in two
large cohorts.”> Among men, milk intake during
adolescence was linearly associated with a 9%
greater risk of hip fracture later in life for every
additional glass consumed per day. No associa-
tion with the risk of hip fracture was seen
among women. Thus, existing data do not sup-
port high intakes of milk during adolescence for
prevention of fractures later in life and suggest
that such intakes may contribute to the high
incidence of fractures in countries with the
greatest milk consumption.

BODY WEIGHT AND OBESITY

Although milk has been widely promoted as
beneficial for weight control, in a meta-analysis

of 29 randomized trials, no overall effects of
milk or other dairy foods on body weight were
seen.”® Among men and women in three large
cohorts,* changes in consumption of whole
milk, low-fat milk, and cheese had no clear as-
sociations with weight change, whereas yogurt
consumption was associated with less weight
gain. As one of the only commonly consumed
sources of probiotics in modern Western diets,
freshly fermented dairy products such as yogurt
may protect against obesity and confer other
health benefits resulting from their effects on
the gut microbiome.*>>® However, confounding
by the generally healthier lifestyles of people
who consume yogurt cannot be excluded.

Studies of milk consumption and body weight
in children are few and are subject to confound-
ing and reverse causation. Among 12,829 adoles-
cents followed for 3 years, intake of low-fat milk
was positively associated with gain in body-mass
index (BMI, the weight in kilograms divided by
the square of the height in meters), but intakes
of full-fat milk and dairy fat were not; the weight
gain associated with low-fat milk was accounted
for by higher energy intake.” Similarly, in three
cohorts of young children, consumption of full-
fat or 2%-fat milk was associated with lower
BMI or lower risk of obesity than was consump-
tion of low-fat or skim milk.®®? In one study, no
overall association between milk and percent
body fat was observed.®

Few randomized, controlled trials of milk
consumption have been conducted among chil-
dren or adolescents. In a 1976 study in the
United Kingdom, 581 elementary-school chil-
dren living in a low-income area were randomly
assigned to receive either school lunch with milk
(about 7 oz, presumably of whole milk) or lunch
without milk. After 21 months, no significant
difference in weight was seen, although children
in the group that received milk had modestly
increased height.** In subsequent smaller, ran-
domized trials published since 2008 that en-
rolled overweight or normal-weight children,
consumption of low-fat milk did not reduce body
weight more than consumption of sugar-sweet-
ened beverages, fruit juice, or water.®% In a re-
cent trial designed to examine the effects of
dairy calcium, 274 adolescent girls with BMIs
ranging from the 50th to the 98th percentile
were randomly assigned either to a group that
received an intervention that substantially in-
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creased their consumption of low-fat dairy prod-
ucts (from 0.6 servings per day to 3.2 servings
per day) or to a control group in which consump-
tion was to remain constant (and increased only
from 0.6 servings per day to 0.7 servings per
day). Contrary to the hypothesis, no effect on
amounts of body fat was reported after 1 year.*

Overall, the findings of prospective cohort
studies and randomized trials do not show clear
effects of milk intake on body weight in children
or adults. Contrary to U.S. Department of Agri-
culture (USDA) advice to choose reduced-fat
dairy, low-fat milk does not appear to have ad-
vantages over whole milk for weight control —
and in children, available evidence suggests
greater long-term weight gain with reduced-fat
milk than with full-fat milk. Regular consump-
tion of yogurt may result in less weight gain,
and this possibility warrants further study in
appropriately controlled trials to minimize con-
founding.

BLOOD PRESSURE, LIPIDS,
AND CARDIOVASCULAR DISEASE

The relatively high potassium content of milk
has led to the suggestion that greater milk in-
take may reduce blood pressure. The Dietary
Approaches to Stop Hypertension (DASH) diet,
which includes low-fat dairy foods, reduces
blood pressure, but the specific contribution of
milk is unclear because the diet is low in sodium
and high in fruits and vegetables. Randomized
trials of low-fat milk have shown inconsistent
results with respect to reduction of blood pres-
sure.>’71 It is important to note that the effect
of milk in such trials often depends on the com-
parison beverages or foods. If milk replaces
sugar-sweetened beverages or other refined car-
bohydrates, outcomes will probably be benefi-
cial,”*”® but results may differ if milk replaces
nuts, legumes, or whole fruits.

Prevailing recommendations also advocate
consumption of reduced-fat dairy products in-
stead of full-fat alternatives because saturated
fat (about 65% of dairy fats is saturated fat?)
increases low-density lipoprotein (LDL) choles-
terol, and increased LDL cholesterol is an estab-
lished risk factor for coronary heart disease.
However, the reported effects of saturated fat
depend on the comparison source of calories.”

Replacement of saturated fat with most carbohy-
drates, as encouraged for many years by USDA
dietary guidelines, lowers LDL cholesterol; how-
ever, high-density lipoprotein (HDL) cholesterol
and LDL cholesterol particle sizes also decrease,
and levels of triglycerides and inflammatory fac-
tors increase.”””® Alternatively, replacement of
saturated fat with unsaturated fats has similar
benefits on LDL cholesterol but without the ad-
verse effects.”®”’

In prospective cohort studies, neither whole
milk nor low-fat milk has been clearly associated
with the incidence of, or mortality associated
with, coronary heart disease or stroke.”® As with
studies of blood lipids, the association of milk
with the risk of cardiovascular disease depends
on the comparison foods. In most cohort stud-
ies, no specific comparison was made; by de-
fault, the comparison was everything else in the
diet — typically large amounts of refined grains,
potato products, sugar, and meat. In a large co-
hort of women, full-fat and low-fat dairy products
had similar relationships to coronary heart dis-
ease risk; both were associated with a lower risk
than that associated with same number of serv-
ings of red meat but with a higher risk than was
seen with the same number of servings of fish
or nuts.”” A similar pattern of risk of stroke was
seen among men and women.® Likewise, dairy fat
per se was associated with a higher risk of car-
diovascular disease than was polyunsaturated or
vegetable fat.8! For persons living in low-income
countries where diets are very high in starch,
moderate intake of dairy foods may reduce car-
diovascular disease by providing nutritional value
and reducing glycemic load.®

DIABETES

Cow’s milk has been hypothesized to be a cause
of type 1 diabetes owing to cross-reactivity be-
tween dairy proteins and pancreatic islet cells.®
However, in a randomized trial, children weaned
to hydrolyzed protein instead of cow’s milk did
not have fewer autoantibodies to beta cells after
7 years than children who drank cow’s milk,3*
and the relationship of milk intake to the risk of
type 1 diabetes remains unclear.

Intake of dairy products has been associated
with a modestly lower risk of type 2 diabetes in
some cohort studies.®® However, in large meta-

N ENGL J MED 382;7 NEJM.ORG FEBRUARY 13, 2020

The New England Journal of Medicine

Downloaded from nejm.org by John Pippin on February 13, 2020. For personal use only. No other uses without permission.

Copyright © 2020 Massachusetts Medical Society. All rights reserved.



MILK AND HEALTH

analyses, dairy consumption was not associated
with® — or was only weakly associated with®”
— lower risk. Furthermore, a genetic marker for
lactose tolerance, and thus higher milk intake,
was not related to diabetes risk.®® In a substitu-
tion analysis, the risk of diabetes was lower with
milk consumption than with consumption of
sugar-sweetened beverages or fruit juices but
higher with milk consumption than with coffee
consumption.®

CANCER

In international comparisons, consumption of
dairy products is strongly correlated with rates
of breast cancer, prostate cancer, and other can-
cers.”® The effects of milk consumption on
plasma IGF-I,>*°! which predicts increased risks
of prostate and breast cancers,’® provides a plau-
sible mechanism. In prospective cohort studies,
milk consumption is most consistently associ-
ated with a greater risk of prostate cancer,*®
especially aggressive or fatal forms, but not with
a greater risk of breast cancer.”® Total dairy in-
take has been associated with a greater risk of
endometrial cancer, particularly among post-
menopausal women who are not receiving hor-
mone therapy, a finding possibly related to the
sex-hormone content of dairy products.* Con-
sumption of dairy products or lactose has been
hypothesized to increase the risk of ovarian
cancer, but no relation was seen in a pooled
analysis.”® In contrast, in meta-analyses and
pooled analyses of primary data,”®®” milk con-
sumption was inversely associated with the risk
of colorectal cancer, potentially owing to its
high calcium content.” A major limitation of the
existing literature is that almost all prospective
studies have been initiated among persons in
midlife or later, whereas many cancer risk fac-
tors operate in childhood or early adult life.”® In
one study of diets in adolescents, milk intake
was shown to be unrelated to a future risk of
breast cancer.”

ALLERGIES AND INTOLERANCE

Allergy to cow’s milk proteins may affect up to
4% of infants and cause considerable nutritional
problems.!® Scattered reports suggest that milk
consumption may exacerbate atopic tendencies,

conferring a predisposition to asthma, eczema,
and food allergies.’*'™ Over a period of 10 years,
infants with a family history of atopy who were
randomly assigned to receive hydrolyzed protein
formula had a lower risk of any allergic disease
and of eczema than did infants who were ran-
domly assigned to receive cow’s milk.’> In a
double-blind crossover study of children with
intolerance to cow’s milk, 44 of 65 children had
a reduction in symptoms (including resolution
of anal fissures) when they consumed soy milk,
whereas there was no reduction in symptoms
among children in the group that received cow’s
milk.’® Beyond childhood, cow’s milk may pre-
cipitate asthmatic exacerbations'™ and related
conditions.’® In addition, lactose intolerance
limits consumption of milk worldwide.

TOTAL MORTALITY

In a meta-analysis that included 29 cohort stud-
ies, intakes of milk (total, high-fat, and low-fat)
or total intakes of dairy foods were not associ-
ated with overall mortality.” In a recent analysis
of three large cohorts with more than 30 years
of follow-up, whole milk was associated with
higher total mortality, but consumption of low-
fat milk and cheese was not.'*® However, when
major protein sources were compared, consump-
tion of dairy foods was associated with lower
mortality than consumption of processed red
meat and eggs, with similar mortality to con-
sumption of unprocessed red meat, poultry, and
fish, and with significantly higher mortality
than consumption of plant-based sources of
protein'® (Fig. 2).

ORGANIC AND GRASS-FED
PRODUCTION

Consumption of organic milk instead of conven-
tionally produced milk has been promoted be-
cause of concern about the use of recombinant
bovine somatotropin and the presence of resi-
dues of pesticides and antibiotics in convention-
ally produced milk and because of the expecta-
tion that organic milk has better nutritional
composition. Although milk from cows treated
with bovine somatotropin contains elevated IGF-I
levels,® no long-term studies have compared
milk from cows treated with bovine somatotro-
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Figure 2. All-Cause Mortality Associated with Protein Sources.

Shown are the percent differences in all-cause mortality between dairy foods
and other major protein sources. The dashed line at 0 is the reference value
for mortality associated with dairy as a protein source. Comparisons are
for 3% of energy from protein from each source; for milk, this corresponds
to approximately 500 g or two 8-oz glasses. Data are from Song et al.,'*’
recalculated to use dairy foods as the comparison, and are based on up to
32 years of follow-up of 131,342 men and women. Associations are adjusted
for major lifestyle, dietary, and other risk factors for cardiovascular disease
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pin with milk from untreated cows with respect
to health outcomes in humans. After extensive
reviews, Canada and the European Union banned
the sale of milk from cows treated with bovine
somatotropin — not because of human health
issues, but because of animal welfare issues,
including increased mastitis, foot problems, and
reduced fertility in treated cows.'%1%

Organic milk may have slightly higher
amounts of n—3 polyunsaturated fatty acids!’®
and beta carotene!!! than conventional milk — a
consequence of grass-feeding, not of its organic
status. The sex-hormone content of milk is in-
creased if cows are milked while they are preg-
nant, but this practice appears to be widespread
among both conventional and organic milk
producers.

ENVIRONMENTAL EFFECTS

Foods may influence health both directly and
indirectly through the environmental effects of
their production.!’? The effects of dairy produc-
tion, particularly industrial-scale production, on
greenhouse gas production and climate change,

N ENGL ) MED 382;7
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water use and pollution, and antibiotic resis-
tance are large!’*'® — potentially 5 to 10 times
greater per unit of protein than the effects from
production of soy foods, other legumes, and
most grains.’” Thus, the environmental implica-
tions of doubling production to meet current
U.S. dietary guidelines likewise would be large
— massive, if applied worldwide, including low-
income countries with low intakes of dairy.!’®
Conversely, limiting dairy production could make
a major contribution toward reaching interna-
tional greenhouse-gas targets.'®

CONCLUSIONS

Cow’s milk includes a complex combination of
macronutrients, micronutrients, and growth-
promoting factors that can contribute to human
nutrition; however, all these nutrients can be
obtained from other sources (as has been the
case in many traditional societies with histori-
cally low intakes of dairy products). For adults,
the overall evidence does not support high dairy
consumption for reduction of fractures, which
has been a primary justification for current U.S.
recommendations. Moreover, total dairy con-
sumption has not been clearly related to weight
control or to risks of diabetes and cardiovascular
disease. High consumption of dairy foods is
likely to increase the risks of prostate cancer and
possibly endometrial cancer but reduce the risk
of colorectal cancer. It is important to note that
the reported health effects of dairy foods de-
pend strongly on the specific foods or beverages
to which they are compared; for many outcomes,
dairy foods compare favorably with processed
red meat or sugar-sweetened beverages but less
favorably with plant-protein sources such as nuts.
Furthermore, no clear benefit of consuming re-
duced-fat dairy over whole dairy products has
been established.

The effects on children of consumption of
cow’s milk are less clear because of children’s
greater nutritional requirements for growth, and
data are more limited. If mother’s milk is not
available, cow’s milk may provide a valuable
substitute in early childhood. Milk promotes
growth velocity and greater attained height,
which confer both risks and benefits. The high
nutrient density of milk can be particularly bene-
ficial in regions where overall diet quality and
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energy intake are compromised. However, in
populations with generally adequate nutrition,
high consumption of milk may increase the risk
of fractures later in life, and the association of
greater height with the risk of cancer remains a
concern.

In our opinion, the current recommendation
to greatly increase consumption of dairy foods
to 3 or more servings per day does not appear to
be justified. The optimal intake of milk for an
individual person will depend on overall diet
quality. If diet quality is low, especially for chil-
dren in low-income environments, dairy foods
can improve nutrition, whereas if diet quality is
high, increased intake is unlikely to provide sub-
stantial benefits, and harms are possible. When
consumption of milk is low, the two nutrients of
primary concern, calcium and vitamin D (which
is of particular concern at higher latitudes),'*

can be obtained from other foods or supple-
ments without the potential negative conse-
quences of dairy foods. For calcium, alternative
dietary sources include kale, broccoli, tofu, nuts,
beans, and fortified orange juice!*'*; for vita-
min D, supplements can provide adequate intake
at far lower cost than fortified milk. Pending
additional research, guidelines for milk and
equivalent dairy foods ideally should designate
an acceptable intake (such as 0 to 2 servings per
day for adults), deemphasize reduced-fat milk as
preferable to whole milk, and discourage con-
sumption of sugar-sweetened dairy foods in
populations with high rates of overweight and
obesity.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Jackie Jahn and Hilary Farmer for their help in de-
veloping this paper, and Cara Ebbeling, Ph.D., for stimulating
discussion.
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