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ABSTRACT

This review examined the evidence behind dietary guidelines for
dairy. Most countries recommend consumption of dairy products;
and when amounts are specified, recommendations are typically
for 2 or 3 servings per day. Specific recommendations for dairy prod-
ucts are based partly on culture and availability but primarily on
meeting nutrient requirements. Dairy products are a rich source of
many minerals and vitamins as well as high-quality protein. Thus,
dairy consumption is a marker for diet quality. A recent report
found that yogurt specifically is a good marker of diet quality.
The food patterns recommended by the 2010 Dietary Guidelines
for Americans Advisory Committee (DGAC) include 3 cups of
low-fat milk and milk products. Few people achieve their recommen-
ded intakes of several shortfall nutrients without meeting their rec-
ommendations for dairy. The evidence for a benefit of dairy
consumption is moderate for bone health in children but limited
in adults and moderate for cardiovascular disease, blood pressure,
and diabetes and limited for metabolic syndrome. Newer data since
the recommendations of the 2010 DGAC are presented. However, the
strength of the evidence for dairy consumption and health is limited
by the lack of appropriately powered randomized controlled
trials. Am J Clin Nutr 2014;99(suppl):1217S-22S.

WHAT ARE THE DIETARY RECOMMENDATIONS FOR
DAIRY?

Dairy foods play a central role in most dietary guidance re-
commendations. They provide a package of essential nutrients
and bioactive constituents for health that are difficult to obtain in
diets with no or limited use of dairy products. The contribution of
dairy products to providing recommended calcium intakes has largely
driven the recommendation for dairy. Since the agricultural revolution
when energy sources shifted from plant foods relatively high in
calcium in the diets of hunter-gatherers to cereal crops with low
calcium content, the major source of dietary calcium has been milk.

In addition to calcium, dairy products provide many other
nutrients (Table 1) (1). They are a good source of high-quality
protein, potassium, magnesium, phosphorus, zinc, selenium,
vitamin A, riboflavin, thiamine, vitamin B-12, and vitamin D
(when fortified) (2). Not all dairy products are equal sources of
nutrients. The calcium content of soft cheeses, in which the curd
is formed with acid, is reduced because some calcium is lost in
the whey. Nutrients are diluted in the making of ice cream by the
addition of fat and sugar. Cheeses are typically salted, which
contributes to high sodium intakes. The fat content varies widely
depending on the degree of removal of dairy fat. Not indicated
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in Table 1 is the reduced lactose content in yogurt and cheese,
making those products popular in lactose-maldigesting cultures.
Dairy intake recommendations vary from region to region.
Some countries, such as the United Kingdom, provide general
recommendations to consume milk and other dairy products
daily, but most countries have quantitative recommendations that
usually range from 2 to 3 servings or cups of milk or yogurt or
sometimes the equivalent serving of cheese (Table 2). The 2010
Dietary Guidelines for Americans specify low-fat dairy products
because of concern over the high prevalence of obesity (3).

HOW DAIRY RECOMMENDATIONS ARE SET BY THE
DIETARY GUIDELINES FOR AMERICANS

Milk has had a major role in one of the food groups since the USDA
published the first food guide in 1917. In that first food guide there were
only 5 groups; milk was combined with meat. In 1933, 12 food groups
were recommended, and milk was expanded to include milk products,
which comprised a single major food group. Milk and milk products
remained as an independent group in the 1940s with the Basic Seven
guide, in the Basic Four guide from the 1950s to the 1970s, in the
Pyramid/MyPyramid guides of the 1980s to 2010, and in the current
2011 MyPlate (4, 5). The food groups of MyPlate include protein,
fruit, vegetables, low-fat milk and milk products, and whole grains.

The amount of milk and milk products (and other food groups)
is determined by the Dietary Guidelines for Americans Advisory
Committee (DGAC)> (6) on the basis of /) intakes of the food
groups needed to achieve the Dietary Reference Intakes (DRIs)
for essential nutrients without exceeding energy needs and 2) the
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TABLE 1
Nutrient composition per 100 g of selected dairy foods’

WEAVER

USDA food name and food code

Cow milk, Cheese, cottage,
producer fluid, Milk, nonfat, Yogurt, plain, Yogurt, fruit, Cheese, nonfat, uncreamed, Ice cream,
3.7% milk fat fluid (skim) low fat low fat cheddar dry large or small vanilla
(01078) (01151) (01117) (01122) (01009) curd (01014) (19095)
Energy (kcal) 64 34 63 105 403 72 2.07
Protein (g) 33 3.37 53 49 24.9 10.3 35
Total fat (g) 3.7 0.08 1.6 14 33.1 0.3 11
SFAs (g) 2.3 0.1 1.0 0.9 21.1 0.2 6.8
MUFASs (g) 1.1 0 0.4 0.4 9.4 0.1 3.0
PUFAs (g) 0.1 0 0 0 0.9 0 0.5
Cholesterol (mg) 14 2 6 6 105 7 44
Carbohydrate (g) 4.7 4.96 7.0 18.6 1.3 6.7 23.6
Calcium (mg) 119 122 183 169 721 86 128
Iron (mg) 0.05 0.03 0.08 0.07 0.68 0.15 0.09
Magnesium (mg) 13 11 17 16 28 11 14
Phosphorus (mg) 93 101 144 133 512 190 105
Potassium (mg) 151 156 234 216 98 137 199
Sodium (mg) 49 42 70 65 621 330 80
Zinc (mg) 0.38 0.42 0.89 0.82 3.11 0.47 0.69
Thiamine (mg) 0.038 0.045 0.044 0.041 0.027 0.023 0.041
Riboflavin (mg) 0.161 0.182 0.214 0.198 0.375 0.226 0.240

7 -
Data are from reference 1.

evidence for the relation of intake of food groups and relevant health
outcomes. In an iterative process, food intake pattern modeling
and interpretation of the evidence on the relation to health de-
veloped the food intake patterns for MyPyramid/MyPlate (6, 7).
The 12 patterns developed for various energy and nutrient needs
of different age and sex groups were created to meet the DRIs for
that subpopulation and guidance from evidence-based reviews. For
some nutrients, the Recommended Dietary Allowance was used,
and for others with insufficient evidence to determine the Rec-
ommended Dietary Allowance, the Adequate Intake for a healthy
population was used. However, when the review of the literature
led to a decision by the DGAC to increase or decrease the amount
of a food group to recommend, food modeling was again used to
adjust the intake recommendations of other food groups to meet
the DRIs for the essential nutrients within each energy pattern.
The intent of food guidance is to be flexible to accommodate
the diversity of culture and preferences of the population. For
most food groups, there is a large choice of items within the
category. However, for the milk and milk products food group,
most foods within the category stem from a similar raw in-
gredient, ie, milk from a domesticated animal supply. The food
guides include alternative sources of protein and calcium and
guidance for those with milk protein allergy or lactose in-
tolerance. However, few people who avoid dairy products achieve
recommended intakes of several shortfall nutrients, such as
calcium, potassium, magnesium, riboflavin, and vitamin D.

DAIRY PRODUCTS AND DIET QUALITY

Milk products, along with fruit, vegetables, and whole grains,
were identified by the 2005 and 2010 DGAC as foods that need
to be increased to meet nutrient needs and for improved health
(3, 8). The role of milk products in meeting 3 shortfall nutrients
for various age groups is shown in Table 3 (9).The best and

most economical source of the limiting nutrients is dairy (10).
Supplements typically do not fill the gap of all these nutrients for
those who do not consume recommended intakes of dairy
products. By using NHANES 2001-2002 data, Gao et al (11)
determined that it is impossible to meet calcium recommenda-
tions while meeting other nutrient recommendations with a
dairy-free diet within the current US dietary pattern. Fulgoni
et al (12) identified calcium-rich foods that could provide as
much calcium as a serving of dairy (eg, 1.1 servings of fortified
soy beverage, 0.5 servings of fortified orange juice, 1.2 servings
of bony fish, or 2.2 servings of leafy greens), but these foods did
not provide the equivalent profile of other nutrients and the
amounts needed are unrealistic in some cases. By using the
1999-2004 NHANES data, Nicklas et al (13) determined that
<3% of the US population met potassium recommendations and
55% did not meet their Estimated Average Requirement for
magnesium. This group recently reported the following major
barriers to meeting the Dietary Guidelines recommendations: /)
inadequate meal preparation skills, 2) difficulty in changing
eating habits, 3) lack of understanding the specific recommen-
dations, and 4) taste preference (13).

A number of studies have indicated that milk intake is a marker
for dietary quality because of its nutrient contributions (10, 14-16).
Recently, the Framingham Heart Study offspring cohort, in-
volving 6526 adults, found that yogurt is also a marker of dietary
quality (17). Yogurt consumers compared with nonconsumers had
improved diet quality scores (according to the Dietary Guidelines
Adherence Index with a maximum score of 20) of 9.4 compared
with 8.05. The prevalence of nutrient inadequacy was also much
lower in the 64% of women and 41% of men in the cohort who
consumed yogurt (Figure 1). Yogurt consumption also increased
the percentage of individuals exceeding the Adequate Intake for
potassium (11.4% compared with 4.7%) and fiber (22.4% com-
pared with 10.0%). Unfortunately, milk or dairy products other



SCIENCE BEHIND THE DIETARY RECOMMENDATIONS 1219S

TABLE 2
Selected dietary recommendations for dairy by country

Country and population group

Daily recommendation

Australia
12-18 y
All others >4 y
Canada
9-18 y
2-8y,19-50 y
=51y
Chile
2-5y
10-18 y
19-59 y
=60y
China
General
Breastfeeding women
Finland
All
France
General >3y
India
1-18 y, pregnant and lactating women
Adults
Japan
General
South Africa
7-13 y
1425y
>25y
Switzerland
General
Elderly
United Kingdom
General
Turkey
Adults
Children, adolescents, pregnant and lactating women
United States
2-3y
4-8y
>0y

3 servings of milk, yogurt, cheese, or custard
2 servings of milk, yogurt, cheese, or custard

3—4 servings of milk, yogurt, kefir, or cheese
2 servings of milk, yogurt, kefir, or cheese
3 servings of milk, yogurt, kefir, or cheese

3 cups milk or yogurt or one piece of cheese
3—4 cups milk or yogurt or one piece of cheese
3 cups milk or yogurt or one piece of cheese

2-3 cups milk or yogurt or one piece of cheese

300 g dairy milk or dairy products
500 mL dairy milk or dairy products

500 mL milk or liquid yogurt
3 servings of milk, cheese, or yogurt

5 portions of milk
3 portions of milk

2 servings of milk/milk products
2-3 cups milk, maas, yogurt, sour milk, or cheese
1-2 cups milk, maas, yogurt, sour milk, or cheese

1 cup milk, maas, yogurt, sour milk, or cheese

3 portions of milk, yogurt, or cheese
3—4 portions of milk, yogurt, or cheese

Eat some milk and dairy foods every day

2 servings of milk, yogurt, or cheese
3—4 servings of milk, yogurt, or cheese

2 cups of low-fat milk, yogurt, or fortified beverage
2.5 cups of low-fat milk, yogurt, or fortified beverage
3 cups of low-fat milk, yogurt, or fortified beverage

than yogurt were not evaluated so it is not possible to compare
which of the dairy products is the best marker of diet quality.
The nutrient concentration on a weight basis is greater in
yogurt and cheese than in milk, but serving sizes are typically less
for these products than for milk. Calcium bioavailability was not

TABLE 3
Role of milk products in food patterns’

significantly different among various dairy products prepared
from milk endogenously labeled with stable calcium isotopes and
tested in women aged 24—42 y (18) (Figure 2). Little is known
about the bioavailability of most of the other nutrients provided
by dairy products.

2-8y 9-18 y

19-50 y =51y

Without dairy With dairy Without dairy With dairy Without dairy With dairy Without dairy With dairy

% of recommendation % of recommendation % of recommendation % of recommendation
Calcium 146 54 97 134 47 107 38
Potassium 70 43 59 68 48 71 49
Magnesium 254 160 114 112 79 109 75

! Adequate Intakes for calcium and potassium and Estimated Average Requirements for magnesium are shown. Data are from
reference 9. With dairy = 2.5-3.5 servings/d; Without dairy = <1 serving/d.
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FIGURE 1. Yogurt consumption is associated with better diet quality
compared with nonconsumers for all nutrients in generalized estimating
equation models (P < 0.001). Data are from reference 14. EAR, Estimated
Average Requirement.

EVIDENCE FOR A RELATION BETWEEN MILK INTAKE
AND HEALTH OUTCOMES

The 2010 DGAC concluded that the evidence for intake of
milk and milk products was moderate for a positive relation with
bone health in children but limited in adults; moderate for an
inverse relation with cardiovascular disease, blood pressure, and
type 2 diabetes in adults; limited for an inverse relation with
metabolic syndrome; insufficient to assess the relation with serum
cholesterol; and strong for no unique relation to weight control
(8). The long latency period for chronic disease outcomes make
randomized controlled trials (RCTs) with food impractical, ex-
cept in some cases in vulnerable populations. Consequently,
meta-analyses and systematic reviews on the relation between
milk and milk product intake and health tend to use RCTs of
biomarkers or on prospective or observational studies. This is
reasonable for health impacts related to nutrition.

Bone

The consequences of excluding dairy in the diet are most
associated with compromised bone health. Effects apparently can
begin in utero as evidenced by a study that showed increased
consumption of milk and milk products by pregnant women at 28
wk gestation significantly (P < 0.05) predicted total body and
bone mineral content (BMC) of children at age 6 y (19). Nu-
trition in the first 2-3 y of life is important for growth. The
addition of milk and milk products to the diet is associated with
improved linear growth as shown by observational and inter-
ventional studies, especially in developing countries (20, 21).
The increased growth with milk/milk product intake is attributed
to the essential nutrients provided, especially the limiting min-
erals for bone mineral acquisition, and to stimulation of serum
insulin-like growth factor I. Bone accretion is high during the
first year of life, but cow milk is not recommended before 1 y of
age. Infants rely on breast milk or formula and, on average, they
meet their nutrient needs. The pubertal growth spurt is a critical
time for building peak bone mass to protect against fracture risk
as a child and later in life. Almost half of adult peak bone
mass is acquired during adolescence (22). Approximately 95%
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of adult peak bone mass is acquired by the age of 16.2 y (23),
emphasizing that nutrition can only influence peak bone mass
appreciably before the end of adolescence. Thereafter, any
benefits are to minimizing loss of peak bone mass, a much lower
return on investment approach.

A meta-analysis of trials of dairy products and dietary calcium
on BMC in children showed significantly higher total body and
lumbar spine BMC with higher intakes when the comparison
group had low calcium intakes (24). Benefits to growing bone by
milk consumption appear to be more than merely providing
required nutrients that are important to growing bone. In
a growing rat model, when adequate dietary calcium was given as
nonfat dry milk, bones were larger and stronger than when
calcium was supplied as calcium carbonate (25). Moreover, when
rats were switched to the same low-calcium diet during adult-
hood, rats fed nonfat dry milk during growth retained many of the
advantages compared with rats fed calcium carbonate. In a ret-
rospective study in postmenopausal women in NHANES III, low
milk intake during childhood was associated with twice the risk
of fracture (26). Studies of milk avoiders compared with age-
matched cohorts in the same population with the same geographic
and cultural environment are the strongest type of observational
studies because they are the least confounded by factors such as
other dietary constituents, race, sunlight, physical activity, etc.
Studies of this type show an advantage to milk drinking in both
children and adults. Milk avoiders in New Zealand children had
a fracture risk of 34.8% compared with 13.0% for the matched
cohort (27). In early pubertal girls in California and Indiana,
perceived milk intolerance was inversely related to BMC for
several bone sites (P = 0.009 for the lumbar spine and trends for
total hip, femoral neck, and total body) (28). In contrast, lactose
maldigestion, as measured by hydrogen breath analysis, was not
related to bone measures.

There are no meta-analyses of RCTs of milk/milk product
consumption and fracture outcomes or incidence of osteoporosis;
however, there are meta-analyses and systematic reviews of
calcium supplementation and fracture and meta-analyses of
prospective studies of dairy intake and fracture (29, 30). A meta-
analysis of prospective cohort studies concluded that there is no
overall association between milk intake and hip fracture risk in
women, whereas, in men, evidence was suggestive of a benefit of
higher milk intake (31).

There are also matched-cohort studies in milk avoiders and
milk consumers. In Finnish women aged 38-57 y, women who
were lactose intolerant consumed 570 mg calcium daily

70
60
50
40
30 I
20

Calcium Absorption (%)

Milk Yogurt Cheddar Processed

cheese cheese
FIGURE 2. Mean (£SEM) calcium bioavailability from dairy products
endogenously labeled with a stable calcium isotope in 7 adult women. There
were no significant differences by ANOVA. Data are from reference 18.
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compared with 850 mg daily in the lactose-tolerant group, and
had double the risk of lower body fracture (OR: 2.15; 95% CI:
1.53, 3.04) (32).

Cardiovascular disease and blood pressure

As for bone, there is a lack of adequately powered RCTs on
cardiovascular disease and blood pressure; the evidence used by
the 2010 DGAC for a benefit of dairy is based on systematic
reviews and meta-analyses of prospective and cohort studies (7).
A systematic review and meta-analysis (32) showed a reduction
in risk of myocardial infarction, ischemic heart disease, hyper-
tension, and stroke in those consuming the highest amount of
milk compared with those consuming the lowest amount. This
was consistent with another systematic review (29) and a case-
control study (34). It is also consistent with large prospective
cohort studies published since the 2010 DGAC report (35-38).
Also, published after the 2012 DGAC report was a meta-analysis
reporting a 13% reduction in risk of all-cause mortality, an 8%
reduction in risk of ischemic heart disease, and a 21% reduction
in risk of stroke in those with the highest compared with the
lowest intake of dairy (39). This contrasts with another meta-
analysis of 6 prospective cohort studies that reported no associ-
ation with milk and risk of coronary heart disease or stroke but
a possible inverse relation to overall cardiovascular disease risk
(40).

The DASH (Dietary Approaches to Stop Hypertension)-style
diet includes low-fat dairy products (41). Because of the re-
duction in blood pressure associated with this dietary pattern,
a diet high in potassium, calcium, and magnesium, which can be
accomplished with a diet rich in fruit, vegetables and diary, is
promoted in clinical and dietary guidelines.

Little evidence exists for individual dairy foods, although
yogurt was associated with better systolic blood pressure, and
fluid milk was associated with reduced systolic and diastolic
blood pressure (42).

Type 2 diabetes and metabolic syndrome

One meta-analysis of 4 prospective studies constituted the
evidence used by the 2010 DGAC to determine the benefit of
dairy in reducing risk of diabetes. Those with the highest milk
consumption compared with those with the lowest milk con-
sumption had a 15% reduction in risk of type 2 diabetes (18). In
a more recent meta-analysis of 7 cohort studies, there was a re-
duction of 18% in the risk of type 2 diabetes associated with low-
fat dairy and a reduction of 17% with yogurt (43). The benefit of
dairy on reduced risk of metabolic syndrome was based on 1
systematic review with meta-analysis, 1 prospective cohort study,
and 3 cross-sectional cohort studies (8). The systematic review
and meta-analysis reported a 26% reduction in risk of metabolic
syndrome in those consuming the highest amounts of milk
compared with those consuming the lowest amounts (33).

Subsequent to the DGAC report, Nicklas et al (44) reported
that perceived lactose intolerance was associated with higher
rates of diagnosis of diabetes and hypertension in the national
sample of 3452 adults. The authors speculated that reduced dairy
intake would reduce diet quality, ie, lower intakes of calcium,
magnesium, vitamin D, and other nutrients that may predispose
these individuals to higher risk of diseases.
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CONCLUSIONS

This review examined the evidence for dietary guidelines for
dairy. The evidence is strong for the role of dairy in meeting daily
nutrient recommendations. Because milk and other dairy prod-
ucts are concentrated sources of so many essential nutrients, it is
difficult to achieve recommended intakes with dietary patterns
that contain little or no dairy products. This type of evidence is
not from RCTs or prospective studies but from food intake
analysis comparing nutrient composition associated with a range
of intakes of dairy products to nutrient recommendations. The
role of dairy in meeting nutrient recommendations has been
shown largely for milk and recently for yogurt. Meeting nutrient
recommendations has little to do with fat content or flavorings in
the dairy products. The recommendation for low-fat dairy is more
of a philosophical argument to reduce energy intake from fat
and added sugar than from evidence of health concerns. Milk and
cheese contribute 9.2% of intake of energy, 10.9% of fat, and
8.3% of carbohydrate in the diet of Americans, but these products
also contribute 46.3% of calcium, 11.6% of potassium, and 7.9%
of magnesium in the American diet, which may provide over-
riding benefits to health (45).

The evidence for a relation between dairy consumption and
health is less strong because there are few adequately powered
RCTs of sufficient duration to affect health outcomes of long
latency periods relevant to milk. Evidence for a benefit is stronger
in children for calcium balance and bone mineral density and in
adults for blood pressure because these biomarkers of health
outcomes can be studied in shorter RCTs. These types of studies
are needed to compare the benefit of various dairy products.
Because weight change can also be measured over a practical
study duration of an RCT, the evidence for concluding that milk
has no unique role in weight control was also considered strong
by the 2010 DGAC. The evidence for disease outcome measures
derives primarily from systematic reviews and meta-analyses of
prospective cohort studies. Thus, there is limited to moderate
evidence for a benefit of dairy intake on cardiovascular disease,
metabolic syndrome, and type 2 diabetes.

The most productive path forward for strengthening our un-
derstanding of a health benefit specifically for yogurt or any other
dairy product is with RCTs that use biomarkers of health. Yogurt
and milk could be compared in balance studies measuring cal-
cium, magnesium, and potassium absorption and retention, as
well as blood pressure or other markers of metabolic syndrome.
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