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Introduction to the Yogurt in Nutrition Initiative and the First Global
Summit on the Health Effects of Yogurt1–3

Sharon M Donovan and Raanan Shamir

ABSTRACT
Yogurt has been part of the human diet for thousands of years, and
during that time a number of health benefits have been associated
with its consumption. The goal of the First Global Summit on the
Health Effects of Yogurt was to review and evaluate the strength
of current scientific knowledge with regard to the health benefits
of yogurt and to identify areas where further research is needed.
The evidence base for the benefits of yogurt in promoting bone
health, maintaining health throughout the life cycle, improving diet
quality, and reducing the incidence of chronic diseases, such as obe-
sity, metabolic syndrome, and cardiovascular disease, was presented.
When assessing a complex food matrix, rather than specific nutrients,
scientists and consumers are faced with new challenges as to how
a food item’s quality or necessity would be judged as part of an in-
dividual’s whole diet. To tackle this challenge, speakers described
methods for assessing the nutrient density of foods and its applica-
tion to yogurt, use of yogurt for lactose intolerance, and the cost-
effectiveness of yogurt and dairy products in reducing health care
expenses. Last, speakers described the role of dairy products in
global public health and nutrition, the scientific basis for current
dairy recommendations, and future scientific and policy needs re-
lated to dairy and yogurt recommendations. Am J Clin Nutr
2014;99(suppl):1209S–11S.

On 24 April 2013, the First Global Summit on the Health
Effects of Yogurt was held as a satellite symposium to the 2013
Experimental Biology meeting. The symposium was supported
by the ASN (Washington, DC), The Nutrition Society (London,
United Kingdom), the Dairy Research Institute (Rosemont, IL),
and Danone Institute International (Palaiseau, France). The
symposium was organized on behalf of the Yogurt in Nutrition
Initiative (YINI), which was established in 2012. The overall
mission of the YINI is to advance scientific knowledge on the
health benefits of yogurt and to broadly disseminate that in-
formation. To achieve this mission, YINI has established 3
overall goals: first, to identify and review existing science on the
health benefits of yogurt; second, to promote scientific research
on the health benefits of yogurt; and last, to broadly disseminate
knowledge on the health benefits of yogurt. The First Global
Summit on the Health Effects of Yogurt was the initial step in
meeting the objectives of the first goal.

Yogurt is prepared from milk fermented by added bacteria,
which produce lactic acid that acts on milk protein to give yogurt
its texture and its characteristic acidity. Bovine milk is most
commonly used to make yogurt, but milk from water buffalo,
goats, ewes, mares, camels, and yaks is also used in various parts

of the world. In the United States, yogurt is produced by using
a culture of Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus bacteria to meet the standard of
identity for yogurt. In addition, other lactobacilli and bifido-
bacteria are also sometimes added during or after culturing
yogurt (1, 2).

Yogurt has been consumed for several thousands of years. It is
one of the earliest examples of food processing to improve “shelf
life.” Most historical accounts attribute the creation of yogurt to
the Neolithic peoples of central Asia around 6000 BCE, but little
remains as direct proof of this (3). It is thought that herdsmen
stored milk from their sheep in containers made from the
stomachs of animals and the natural enzymes in the stomach
lining curdled the milk, essentially making yogurt. Curdling the
milk extended the time that it could be consumed safely and
likely improved its digestibility by reducing the lactose content
(4). Since their discovery, yogurts and other soured-milk prod-
ucts were a component of the diet of some of the earliest civi-
lizations in the Middle East (3). The Roman Pliny the Elder later
mentioned production of yogurt by “barbarian tribes” (3).

The first unequivocal description of yogurt is found in a dic-
tionary called Divanu luga-i turk, compiled by Kasgarli Mahmut
in 1072–1073 in the Middle East. The consumption of yogurt
spread rapidly throughout the geographic and cultural region
known as the Levant, which encompassed the westernmost
protrusion of Asia, comprising most of the Republic of Turkey
(5). Recorded history states that in the 13th century, Genghis
Khan and his armies lived on yogurt made from horse milk,
likely resulting in the exposure of people in the conquered
Mongol Empire to this new food (5).
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Why study the health benefits of yogurt? Yogurt first gained
international prominence in the early 1900s when Ilya (Elie)
Metchnikov, a Nobel Prize–winning Russian immunologist and
bacteriologist, observed that Bulgarians whose diet included the
consumption of large quantities of soured milk lived longer than
those who did not (6, 7). Although this observation was purely
associative, Metchnikov subsequently began research on the cau-
ses of human aging while working at the Pasteur Institute in Paris.
He found that dietary proteins were degraded by the action of
putrefactive intestinal bacteria that he hypothesized caused poi-
soning of the body and early death. He went on to show that the
only food that could restrict the development of putrefactive
bacteria in the intestine was Bulgarian yogurt (8).

Over the past century, there has been continued research into the

potential health benefits of yogurt. A PubMed (http://www.ncbi.

nlm.nih.gov/pubmed) search of the terms “yogurt and health”

identified .420 citations, including applications for improving

nutritional status (9), maintaining health (10), the prevention and

treatment of acute diarrheal disease (11), and the prevention or

treatment of chronic diseases such as elevated blood pressure,

weight gain, and metabolic diseases (12–15). A recent study that

caught the attention of consumers worldwide attributed commer-

cially available yogurt to a “glow of health” in rodents (16).

Feeding probiotic bacteria to aged mice induced integumentary

changes mimicking peak health and reproductive fitness charac-

teristic of much younger animals (16). Mechanistically, the pro-

biotic yogurt triggered epithelial sebocytogenesis, resulting in

thick lustrous fur, which was associated with an IL-10–dependent

process (16). The authors postulated that the probiotic-triggered

changes in skin and hair arose from microbe-induced effects on

tissue inflammation (16).
As presented in this symposium, accumulating preclinical,

clinical, and epidemiologic findings provide suggestive evidence
for health benefits associated with yogurt consumption, although
the strength of the evidence varies depending on the health out-
come. Many studies were underpowered, and few randomized
controlled clinical trials with yogurt have been conducted.

What research is required to establish the health benefits of
yogurt?

� Investigations need to be conducted across the life span
from “pediatrics” to “geriatrics,” including pregnancy.

� Randomized, placebo-controlled studies are required in
healthy and diseased populations.

� Evaluations are required of the individual and combined in-
fluences of the nutrients and bacteria contained in yogurt.

� In terms of the bacteria in yogurt, studies must include
a complete description of the product being tested. In some
cases, the efficacy of yogurt is compared with isolated pro-
biotic bacteria within the same study. For example, Levko-
vich et al (16) compared isolated Lactobacillus reuteri to
a commercially available yogurt. Without detailed infor-
mation on the types and doses of bacteria present in the
treatments, it is impossible to compare findings across
studies in systematic reviews or meta-analyses.

� Evaluation is required of the impact of delivery matrix on
the efficacy of probiotic bacteria (9). As summarized by
Sanders (10), the delivery matrix of yogurt may influence
probiotic functionality in several ways: by increasing pro-
biotic survival in the product, by increasing probiotic sur-
vival and efficacy at the site of action in the host, or by

delivering complementary functionality through compo-
nents of the delivery system or from fermentation-derived
bioactive compounds.

� The relative efficacies of live compared with killed bacteria
in yogurt need to be compared, as well as the value of add-
ing bacteria to yogurt.

� Mechanistic studies of yogurt and/or the probiotic action on
gut health and the microbiome are required (17). For exam-
ple, McNulty et al (18) conducted a parallel series of studies
in animals and monozygotic twins to study the effects of
probiotic yogurt containing 5 bacterial species on the gut
microbiota. No change in the gut microbiota composition
was observed in response to yogurt consumption, but tran-
scriptional and metabolic changes in the host commensal
microbiota in response to the probiotic species was noted.

Although much has yet to be learned about the relation be-
tween yogurt and its components and health outcomes, the
presentations at this symposium indicate that we are effectively
advancing our understanding of the efficacy of yogurt. We hope
that the presentations provided in this supplement will stimulate
scientific discussion and promote targeted research to identify
mechanisms and benefits of yogurt on health.
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Dairy products in global public health1–4

Andrew M Prentice

ABSTRACT
Intakes of dairy produce show enormous diversity between regions,
cultures, and individuals around the world. At the geographic level,
intake maps closely onto the distribution of lactase persistence (LP),
a genetic trait that allows milk to be consumed beyond the weaning
period without gastrointestinal side effects. The LP trait has been in-
dependently selected at least 4 times and is under rapid positive se-
lection, which shows that dairy consumption has positive survival
benefits. For people lacking the LP trait, the fermentation of milk
into yogurt and related products (a process known for $8500 y)
aids milk digestion through the breakdown of some lactose and the
provision of b-galactosidase, which remains active in the gastroin-
testinal tract. In global ecologic comparisons, milk and dairy intakes
are strongly associated with adult height, and many international
advisory bodies recommend the consumption of 400–500 mL milk
equivalents/d. There are very few countries where such high intakes
are met, and in populations in whom intakes are much lower there is
evidence of adaptations that help to maintain bone health with
surprisingly low intakes. Despite concerns that the high-saturated-fat
content of full-fat dairy products would promote heart disease, recent
meta-analyses show that dairy consumption is neutral or beneficial for
weight control, coronary disease, diabetes, hypertension, and most
cancers. Am J Clin Nutr 2014;99(suppl):1212S–6S.

INTRODUCTION

This article is a short overview of the role of dairy product
consumption in global public health. Several of the topics
touched on are covered in detail in the accompanying articles
from this symposium, which also take a closer view specifically
of yogurt and related fermented milk products.

The consumption of dairy products varies greatly both between and
within populations. Thevariabilitywithin populations is largely driven
by personal preferences (including avoidance of lactose intolerance or
milk allergies and veganism) and affordability. Variations between
populations are driven by culture, religion, availability, affordability,
and genetic variability in the ability to tolerate lactose. The daily
consumption of substantial quantities of dairy products, usually in
wealthy nations, is a marker of high diet quality and is associated, at
least in ecologic comparisons, with tall stature.

HISTORICAL ORIGINS OF FERMENTED MILK
PRODUCTS

In temperate or hot climates, unfermented milk will “turn” very
rapidly and especially when collected in poorly washed vessels
contaminated with an accidental starter culture from the previous
day’s milking. Thus, soured milk would have invented itself as
soon as humankind started milking animals. The history of when

specific lactose-digesting bacterial cultures were first used and
intentionally propagated will never be known with certainty, but
residues from ancient fragments of potsherds, apparently designed
to act as strainers, have been dated as far back as 8500 y ago (1, 2).
As described in an accompanying article in this supplement issue
by Savaiano (3), such “domesticated” fermentative organisms
serve the very useful dual purposes of partial lactose digestion and
provision of b-galactosidase (lactase), which continues to break
down lactose after consumption. Both of these attributes would
have assisted early humans in tolerating the substantial lactose
loads that accompany milk consumption and would otherwise
cause seriously debilitating adverse gastrointestinal effects. These
were the first steps in allowing humans to take full advantage of
their domesticated milk-yielding animals.

EVOLUTIONARY ORIGINS OF LACTASE PERSISTENCE

The second step is a remarkable one that informs us that, over
evolutionary time, milk consumption has been highly advantageous
for the survival and proliferation of humanity. In all mammalian
species, intestinal lactase, highly activewhen the young are receiving
their mother’s milk, is downregulated in a coordinated manner
speculated to be a natural part of weaning the offspring away from
mammary feeding so that the mother can initiate a new reproductive
cycle. The result is that older offspring and adults become lactose
intolerant; they fail to break down the lactose disaccharide, leaving
it as an abundant substrate for the gut microbiota, thus causing gas
production, gastric distension and discomfort, flatulence, and di-
arrhea. Once initiated, the diarrhea can become self-reinforcing but
will rapidly resolve with a lactose-exclusion diet (see also below).

Human genetic studies have shown that a genetic variation
involving a single nucleotide substitution in the promoter region
of the lactase gene overrides the natural tendency for the lactase
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gene to be switched off at weaning and confers a trait known as
lactase persistence (LP)5, in which older children and adults
maintain their ability to digest the disaccharide (1, 4, 5). The most
common and originally discovered variant occurs within a wide
haplotype, indicating that the founder mutation occurred very re-
cently (inferred from the fact that there has been little time for
further degradation of the surrounding regions). The origin of this
Caucasian variant (C/T–13910) has been dated to between 5000 and
20,000 y ago (4); this timescale is consistent with the domestication
of milk-yielding animals. Remarkably, evidence from eastern Af-
rica shows that alternate variants yielding the same phenotype of
LP have evolved independently on at least 3 additional occasions
and probably more (4–6). Research in the Masai shows that the LP
variant has coevolved with another gene variant that aids choles-
terol metabolism, thus allowing healthy survival with a diet con-
taining high amounts of cholesterol and saturated fat (5).

The very rapid selection of LP and its penetration to near fixation
in northwestern Europe indicates a very strong survival advantage,
the explanation for which is still a matter of vigorous debate, and
which is summarized by Brüssow (1). Even the direction of cau-
sality is still not agreed on. Did the domestication of milk-yielding
animals spawn the LP mutation or vice versa? This debate has
fallen foul of the frequent misconception that evolution acts pri-
marily through viability selection (ie, the survival of offspring
through to adulthood and reproduction). In fact, as originally shown
in the 1930s (7), fertility selection (ie, the reproductive efficiency of
parents especially at times of energy and nutrient restriction) can
exert a much more powerful influence on the selection of genes (8),
and this needs to be factored into the LP selection debate.

Whatever the explanation turns out to be, it can safely be
concluded that the ability and proclivity to consume dairy products
have been highly beneficial to human populations on an evolu-
tionary basis. This statement must be balanced, however, by the
observation that populations in eastern Asia, where there was no
founder for the LP variant, and in whom LP has barely yet
penetrated, have also been extremely successful. The success of
populations without LP, coupled with the very rapid and powerful
selection of the variant in which there was a chance founding
mutation, reminds us of the power of evolution to select advan-
tageous traits. Charles Darwin recognized this fact in the final
chapter of The Origin of Species with the statement that “a grain
in the balance shall determine who shall live and who shall die” (9).

ROLE OF LACTOSE IN PERSISTENT DIARRHEA AND
OF YOGURT IN ITS TREATMENT

The lactase enzyme is located at the tip of the intestinal villi.
Therefore, children in whom the villi have been damaged by
organisms such as enteropathogenic Escherichia coli (10) have
transient lactase deficiency that may exacerbate the diarrhea and
lead to its persistence. Children with chronic environmental
enteropathy, a condition that affects most young children living
in contaminated environments, also have shortened villi and
a reduced lactase ability, which may make them more easily
susceptible to lactose malabsorption (11). A multicenter study of
persistent diarrhea coordinated by WHO showed that 60% of

patients with persistent diarrhea responded to a reduced-lactose
diet (eg, rice, yogurt, lentils, oil), whereas some of the remaining
patients responded well to (temporary) lactose exclusion (12).
Yogurt is the treatment of choice in some countries and, along
with other reduced lactose formulations, is deemed more ef-
fective and appropriate than antibiotics (12).

ROLE OF DAIRY PRODUCTS IN MEETING NUTRIENT
NEEDS

There are only 2 foods consumed by humans that have been
explicitly designed to meet the entire nutrient needs of a complex
organism: milk and eggs. Thus, it is no surprise that diets con-
taining a significant proportion of such foods are nutrient rich and
show a generally appropriate balance of the essential nutrients for
healthy growth and development, especially concerning amino
acid balance. The contribution that customary US intake of dairy
products makes to daily nutrient needs is shown in Figure 1 (13).

In a cost-versus-nutrient-density matrix, milk and milk products
appear as high density and low cost in wealthy country settings (14)
and hence make excellent contributions to a healthy diet. They
appear within all food plate and food pyramid dietary guidelines.
However, the equation is different in low-income settings where
milk products are expensive (relative to local income levels) and are
viewed as prestige foods. Consequently, even herd-owning families
will often prioritize sale of their milk over home consumption, thus
skewing intake toward the urban elite. The absence of refrigeration
also limits overall dairy product consumption but favors fermented
products.

GLOBAL VARIATIONS IN MILK INTAKE

Currently, industrialized nations consume w5 times the milk
per capita as do developing nations. The projected increase in
developing nations is much faster, such that in 2030 it is pro-
jected that there will be a 3-fold gap. Intake in sub-Saharan
Africa currently averages w70 g per capita per day (compared
with almost 600 g, which is the industrialized nations’ average)
(15, 16). In much of Africa, the limitations on consumption are
driven by cost, absence of refrigeration, and poor availability.
Without these constraints, milk and its fermented products are
generally highly-sought-after food items. Intake in East Asia is
almost negligible and is much lower than in South Asia. These
differences map onto the geographic differences in the preva-
lence of LP genes (4) and are presumably driven, at least in part,
by these genetic differences in milk tolerance.

Because dairy products make such a strong contribution to
calcium intake, the adequacy of dietary calcium consumption
correlates strongly with the geographic variations in milk con-
sumption. Intakes of calcium are generally reasonable across
Europe (17); judged against the WHO/FAO adult recommended
nutrient intake (RNI) of 1000 mg/d, mean calcium intakes of 16
European countries were between 687 and 1171 mg/d in males
and between 508 and 1047 mg/d in females (17). Other nations
fall far shorter with regard to RNIs; for example, in Brazil, 99%
of adults (19–60 y) consume inadequate amounts of calcium
(18). In China, dairy provides only 4.3% of dietary calcium and
calcium intakes range between 20% and 60% of adequate levels,
with only 2–3% of people reaching adequate intake targets
(18, 19).

5Abbreviations used: CVD, cardiovascular disease; LP, lactase persis-
tence; RNI, recommended nutrient intake.
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HEALTH IMPLICATIONS OF DAIRY INTAKE:
PROBLEMS IN ASSESSING THE EVIDENCE

Assessing the dietary intake of individuals is problematic and
especially when such measurements need to be applied in very
large-scale surveys to capture associations with relatively un-
common disease endpoints. Fortunately, however, the range of
dairy food intakes tends to bewide, thus facilitating both ecologic
and cross-sectional epidemiologic analyses. An additional ad-
vantage is that most people’s preference for or against dairy
products tends to remain relatively constant over time—a fact
that strengthens case-control studies of disease.

The other main difficulty in assessing the health implications
of dairy intake is that of confounding with other lifestyle factors
that may themselves be responsible for any observed association.
This is especially true in countries where dairy products are
expensive relative to other foods and hence tend to be associated
with socioeconomic status.

One potential way around this problem is to use the Mendelian
randomization approach (21) based on LP. This method is based
on the principle that a trait affecting the exposure variable (in this
case LP affecting dairy intake) is randomly allocated through
Mendelian inheritance and hence creates a gradient in intake that
is nonconfounded and unbiased. This approach has been used in
several disease endpoints (eg, reference 20) but loses some
potential power because, although LP predicts dairy intake very
well on an interpopulation basis, it is less discriminatory on an
interindividual basis.

All of the above limitations must be borne in mind when
interpreting studies of dairy intake and health. A brief overview
of such studies, based on the latest meta-analyses, is provided
below. Other articles in this supplement issue provide a more
detailed analysis of some of the diseases (23–25).

DAIRY PRODUCTS AND HEALTH OUTCOMES

There is a vast literature covering associations between dairy
product intake and a wide range of health outcomes. As with
almost all such epidemiology, the literature is mixed, and in
addition to the methodologic constraints listed above may ad-
ditionally be influenced by reporting biases. Nonetheless, the
consensus is that the consumption of dairy products has many

benefits, and prior concerns that the fat and saturated-fat content
of full-fat milk products would contribute to heart disease are not
supported by the literature (see below). Indeed, the evidence is
mixed on the question of whether low-fat dairy products have
superior health benefits to their full-fat counterparts.

Growth and bone health

Because calcium is a critical component of bone and most
calcium in the body is contained in bone, it would be reasonable
to assume that bone health is closely related to calcium intake;
Rizzoli (23) summarizes the evidence in support of this elsewhere
in this supplement issue. In fact, on a global ecologic basis, there
is a perplexing inverse association between dietary calcium in-
take and bone fracture rates (taken as a proxy measure of bone
health and osteoporosis) (26). This likely arises through the
influence of other critical determinants of bone health, such as
vitamin D status linked to latitude, and high levels of bone-
protective physical activity in poorer countries with low milk and
dairy intake. It is clear furthermore that there is a considerable
physiologic capacity to adapt to low dietary calcium intake and
that sudden increases in calcium supply can cause detrimental
health responses, presumably by disturbing these protective
adaptations (27). The topic of dairy intake and bone health is
discussed in more detail elsewhere in this supplement issue (23).

Weight management

In light of the issues of confounding listed above, it is not
surprising that observational studies attempting to relate weight
control to dairy intake yield mixed and inconsistent results.
Randomized controlled trials provide more robust evidence and
have been summarized in 2 recent meta-analyses (28, 29).

Abargouei et al (28) analyzed 14 studies to investigate the
effects of increasing dairy products in the diet on weight, fat
mass, lean mass, and waist circumference. In the absence of
cointerventions aimed at energy restriction, increased dairy in-
take has no discernible effect on any of the above variables, but
when combined with energy restriction, dairy intake showed
modest additional benefit on weight reduction (20.61 kg), fat

FIGURE 1. Contribution of dairy foods to key nutrient intakes in the United States. Data were obtained from the 2003–2004 and 2005–2006 NHANES
24-h dietary recalls for individuals aged $2 y, excluding pregnant and lactating women. Note that, in the United States, milk is routinely fortified with
vitamins A and D in the amounts of 2000 and 400 IU/quart, respectively. Reproduced with permission from reference 13.

1214S PRENTICE



mass (20.72 kg), lean mass (+0.58 kg), and waist circumference
(22 cm).

Chen et al (29) included 29 eligible studies and reached broad
agreement with Abargouei et al (28) insofar as an increase in
dairy products was not helpful for weight maintenance unless
accompanied by energy restriction, in which case it offered slight
additional benefit, most notably in short-term trials.

Diabetes

There are no published randomized controlled trials of altered
dairy intake and diabetes. A meta-analysis of 7 cohort studies by
Tong et al (30) showed evidence for a 14% protective effect of
dairy intake against type 2 diabetes. Most of this effect was
attributable to low-fat dairy and yogurt intake with whole-milk
and full-fat products showing no evidence for benefit. It must be
stressed that the evidence for benefit was weak, and the evidence
for differential effects of low-fat dairy and yogurt was even weaker
(because of low study numbers and potential confounding). Im-
portantly, however, there was no suggestion that dairy intake might
contribute to the risk of type 2 diabetes.

Although not a meta-analysis, Sluijs et al (31) reported the
results of a very large prospective study of dairy intake as
a possible risk factor for type 2 diabetes in the European In-
vestigation into Cancer and Nutrition–InterAct Study. On the
basis of almost 4 million person-years’ follow-up and .12,000
incident cases of type 2 diabetes, this study found that there was
no overall association between baseline dairy food consumption
and later diabetes, but both cheese intake (RR: 0.88) and total
fermented dairy products (cheese, yogurt, and thick fermented
milk; RR: 0.88) showed protective trends. Elsewhere in this
supplement issue, Astrup (24) describes potential mechanisms
by which such effects might occur.

Hypertension

In a meta-analysis of 9 observational and clinical studies,
Soedamah-Muthu et al (32) found a slight protective effect of
total dairy, low-fat dairy, and milk intake on hypertension. On the
basis of fewer studies there was no evidence of protection by
high-fat dairy, fermented dairy products, yogurt, or cheese.

Ralston et al (33) analyzed 5 cohort studies with nearly 11,500
cases of elevated blood pressure, with the express intention of
separating out the effects of high-fat compared with low-fat dairy.
They found a significant inverse association between low-fat
dairy intake and elevated blood pressure (RR: 0.84) with no
apparent benefit for high-fat dairy. Separating cheese from fluid
dairy foods (milk and yogurt) showed a null effect for cheese and
a protective effect for fluid dairy foods.

Cardiovascular disease

As discussed by Astrup (24) in this supplement issue, the known
association between saturated fat and cardiovascular disease (CVD)
would suggest that high-fat dairy products may increase CVD risk.
In fact, the evidence does not support this contention (24).

A recent meta-analysis of 17 observational cohort studies
(fewer contributing to each different endpoint) reports a modest
inverse association between milk intake and overall CVD risk
(RR: 0.94 per 200mL/d) (34). Therewere no significant associations

with coronary artery disease, stroke, or overall mortality, but again
the RR tended to be lower than unity rather than higher.

Cancers

The expert panel of the joint World Cancer Research Fund/
American Institute for Cancer Research report in 2007 stated that,
“Milk probably protects against colorectal cancer. There is limited
evidence suggesting that milk protects against bladder cancer.
There is limited evidence suggesting that cheese is a cause of
colorectal cancer. Diets high in calcium are a probable cause of
prostate cancer; there is limited evidence that high consumption
of milk and dairy products is a cause of prostate cancer” (35).
The World Cancer Research Fund’s Continuous Update Project
publishes occasional updates based on updated meta-analyses
(see http://www.dietandcancerreport.org/cancer_resource_center/
cup_summaries.php). The 3 reports published since 2007 (on
prostate, colorectal, and breast cancer) make no significant ad-
ditional comments about dairy products, and in general the ev-
idence appears to be neutral.

CONCLUSIONS

In summary, evolutionary evidence shows clearly that the
consumption of milk and milk products into later childhood and
adulthood has conferred significant advantages in terms of sur-
vival and/or reproductive success among our forebears. This
ability to consume high lactose loads without unpleasant side
effects has been achieved through evolution of the LP trait and
through domestication of lactic acid bacteria to create fermented
milk products. Large regional differences in the LP genotype
correlate, on a global geographic basis, with very large differ-
ences in dairy product intake. Populations with a low intake of
dairy products have adaptive mechanisms that allow them to
grow and maintain good bone health at calcium intakes that are
greatly below the RNI in high-income countries. The disturbance
of these adaptations has been reported to cause some adverse
sequelae, so it should not always be assumed that increasing
calcium intakewould be beneficial. Thus, a global RNI value may
not be appropriate. Despite these caveats, it is clear that the
consumption of dairy products, and especially of fermented dairy
products, has numerous benefits and is not associated with clear
evidence of any detrimental health effects.

RESEARCH NEEDS

As described in accompanying articles in this supplement issue
(3, 21–23), the consumption of fermented dairy products has
specific physiologic effects, but the details of these effects and
their possible modulation remain a significant research target.
This is especially true of yogurt. Most large-scale epidemiologic
studies have either not seriously endeavored or have found it
difficult to disaggregate the effects of yogurt consumption from
general dairy consumption. If tractable, this remains an impor-
tant research topic.

Finally, there may be a future for developing yogurts as
a vehicle for next-generation probiotics that are more specifically
designed for optimization of the gut microbiota, and hence hu-
man health, than existing strains. History may show that the
current generation of yogurt-based probiotics can be further
refined by interrogating the health correlates of different patterns
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of gut microbiota and by using this information as a design template
for selecting optimal “transplantable” probiotic configurations.
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How sound is the science behind the dietary recommendations for
dairy?1–4

Connie M Weaver

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

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 amajor role in one of the food groups since theUSDA
published the first foodguide in 1917. In that first food guide therewere
only 5 groups; milk was combined with meat. In 1933, 12 food groups
were recommended, andmilk 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)5 (6) on the basis of 1) 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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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 peoplewho 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: 1)
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

TABLE 1

Nutrient composition per 100 g of selected dairy foods1

USDA food name and food code

Cow milk,

producer fluid,

3.7% milk fat

(01078)

Milk, nonfat,

fluid (skim)

(01151)

Yogurt, plain,

low fat

(01117)

Yogurt, fruit,

low fat

(01122)

Cheese,

cheddar

(01009)

Cheese, cottage,

nonfat, uncreamed,

dry large or small

curd (01014)

Ice cream,

vanilla

(19095)

Energy (kcal) 64 34 63 105 403 72 2.07

Protein (g) 3.3 3.37 5.3 4.9 24.9 10.3 3.5

Total fat (g) 3.7 0.08 1.6 1.4 33.1 0.3 11

SFAs (g) 2.3 0.1 1.0 0.9 21.1 0.2 6.8

MUFAs (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

1Data are from reference 1.
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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

significantly different among various dairy products prepared
frommilk 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.

TABLE 2

Selected dietary recommendations for dairy by country

Country and population group Daily recommendation

Australia

12–18 y 3 servings of milk, yogurt, cheese, or custard

All others .4 y 2 servings of milk, yogurt, cheese, or custard

Canada

9–18 y 3–4 servings of milk, yogurt, kefir, or cheese

2–8 y, 19–50 y 2 servings of milk, yogurt, kefir, or cheese

$51 y 3 servings of milk, yogurt, kefir, or cheese

Chile

2–5 y 3 cups milk or yogurt or one piece of cheese

10–18 y 3–4 cups milk or yogurt or one piece of cheese

19–59 y 3 cups milk or yogurt or one piece of cheese

$60 y 2–3 cups milk or yogurt or one piece of cheese

China

General 300 g dairy milk or dairy products

Breastfeeding women 500 mL dairy milk or dairy products

Finland

All 500 mL milk or liquid yogurt

France

General .3 y 3 servings of milk, cheese, or yogurt

India

1–18 y, pregnant and lactating women 5 portions of milk

Adults 3 portions of milk

Japan

General 2 servings of milk/milk products

South Africa

7–13 y 2–3 cups milk, maas, yogurt, sour milk, or cheese

14–25 y 1–2 cups milk, maas, yogurt, sour milk, or cheese

.25 y 1 cup milk, maas, yogurt, sour milk, or cheese

Switzerland

General 3 portions of milk, yogurt, or cheese

Elderly 3–4 portions of milk, yogurt, or cheese

United Kingdom

General Eat some milk and dairy foods every day

Turkey

Adults 2 servings of milk, yogurt, or cheese

Children, adolescents, pregnant and lactating women 3–4 servings of milk, yogurt, or cheese

United States

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

4–8 y 2.5 cups of low-fat milk, yogurt, or fortified beverage

.9 y 3 cups of low-fat milk, yogurt, or fortified beverage

TABLE 3

Role of milk products in food patterns1

2–8 y 9–18 y 19–50 y $51 y

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 32 134 47 107 38

Potassium 70 43 59 38 68 48 71 49

Magnesium 254 160 114 69 112 79 109 75

1Adequate 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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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%

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

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.

FIGURE 2. Mean (6SEM) 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.

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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Nutrient density: principles and evaluation tools1–3

Adam Drewnowski and Victor L Fulgoni III

ABSTRACT
Nutrient profiling is the technique of rating or classifying foods on
the basis of their nutritional value. Foods that supply relatively more
nutrients than calories are defined as nutrient dense. Nutrient profile
models calculate the content of key nutrients per 100 g, 100 kcal, or
per serving size of food. For maximum effectiveness, nutrient profile
models need to be transparent, based on publicly accessible nutrient
composition data, and validated against independent measures of
a healthy diet. These rigorous scientific standards were applied to
the development of the Nutrient-Rich Foods (NRF) family of nutrient
profile models. First, the NRF models included nutrients to encour-
age as well as nutrients to limit. Second, NRF model performance
was repeatedly tested against the Healthy Eating Index (HEI), an in-
dependent measure of a healthy diet. HEI values were calculated for
participants in the 1999–2002 NHANES. Models based on 100 kcal
and serving sizes performed better than those based on 100 g.
Formulas based on sums and means performed better than those
based on ratios. The final NRF9.3 index was based on 9 beneficial
nutrients (protein; fiber; vitamins A, C, and E; calcium; iron; po-
tassium; and magnesium) and on 3 nutrients to limit (saturated fat,
added sugar, and sodium). Higher NRF9.3 scores were associated
with lower energy density and more nutrient-rich diets. The nutrient
density of foods, paired with a comprehensive program of consumer
education, can become the foundation of dietary recommendations
and guidelines. Am J Clin Nutr 2014;99(suppl):1223S–8S.

INTRODUCTION

Nutrient profiling is the technique used to rate, rank, or classify
foods on the basis of their nutritional value (1). Nutrient profile
models provide ratings of overall nutrient density, as determined
by a balance between beneficial nutrients and nutrients to limit
(2–4). Among the beneficial nutrients to encourage are protein,
dietary fiber, and a variety of vitamins and minerals, whereas
nutrients to limit include free or added sugars, saturated fat, and
sodium (2–4). Given that most foods provide multiple nutrients,
developing a formal quantitative system to rate the overall nu-
tritional value of individual foods poses both a scientific and
a communications challenge.

The proposed front-of-pack labeling systems, as reviewed by the
Institute of Medicine, are intended to help shoppers identify
healthier food options readily and at a glance (5). Helping consumers
identify and select nutrient-dense foods is expected to lead to higher-
quality diets and better health (5–7). Studies based on analyses of
NHANES data have pointed to an association between the con-
sumption of nutrient-dense foods, lower energy intakes, higher diet
quality overall, and improved health outcomes (3).

Nutrient profiling can also help identify foods that are nutrient
rich, affordable, and sustainable. The inclusion of food prices in
nutrient density calculations has allowed researchers to create
new metrics of affordability and to identify those foods that
provide the most nutrients per penny (8, 9). This econometric
approach to nutrient profiling (10, 11) was among the first to
explore the interrelations between nutrient density, energy density,
and energy cost.More recent studies have taken nutrient profiling in
a different direction, exploring the relation between the nutrient
density of foods and their carbon footprint, as determined by
greenhouse gas emissions from life-cycle analysis (12).

Nutrient profiling techniques developed for individual foods can also
be applied to meals, menus, and total diets. By showing how the
nutrient density concept applies to total diet quality and the economics
of food choice behavior, nutrient profiling provides a ready way to put
theDietary Guidelines for Americans andMyPlate into practice (6, 7).

PRINCIPLES OF NUTRIENT PROFILING

The intent of composite nutrient density scores is to capture the
multiple nutritional attributes of a given food (2, 3, 8). Whole-
some, nutrient-rich foods receive high scores, whereas foods that
provide calories but few nutrients score lower (2). By including
multiple beneficial nutrients to encourage, balanced nutrient
profile models shift the emphasis from “bad” nutrients to “good”
and “better” foods. Nutrient profiling exemplifies a positive way
to convey vital information about nutritional attributes of foods
and beverages to the consumer (2, 3, 6, 7).

For nutrient profiling to remain a science, it needs to follow
scientific rules (13). Thus far, the procedures for developing,
testing, and validating nutrient profile models have not been
standardized (14, 15). These include, but are not limited to, the
selection of relevant nutrients, the choice of reference daily
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values, and the basis of calculation: 100 kcal, 100 g, or serving
size (14, 15). Nutrient profile models also need to be tested
against other food attributes (14) and need to be validated with
respect to independent measures of a healthy diet (3, 16).

The basic principles of nutrient profiling have been laid out
before (1–3), stressing the need for objectivity, transparency,
simplicity, and validation. Briefly, nutrient profile models had to
be based on objective nutrition science; they had to be totally
transparent and based on open-source data and published algo-
rithms. Nutrient composition databases had to be of high quality
and available from public sources. Simple algorithms were
preferable to more complex ones, and alternative models were to
be tested against other food attributes, notably energy density
and energy cost (14, 15). Most important, alternative models
were to be validated against independent measures of a healthy
diet and, wherever possible, compared with selected health
outcomes (16). Here, nutrient composition data for individual
foods and beverages had to be supplemented with population-
based data on diets and health.

NUTRIENT-RICH FOODS INDEX

The development of the Nutrient-Rich Foods (NRF)4 Index
closely followed the regulatory guidelines in the United States,
as formulated by the US Food and Drug Administration (FDA)
(1, 2). In particular, the selection of beneficial nutrients followed
federal policies and standards (1, 2). Foods are defined as “healthy”
by the FDA on the basis of their content of protein, fiber, vitamins
A and C, calcium, and iron. Foods are disqualified by the FDA
from carrying nutrition and health claims if they contain more than
specified amounts of fat, saturated fat, trans fat, cholesterol, or
sodium. Additional NRF nutrients were suggested by the 2005
Dietary Guidelines (17), which identified potassium, magnesium,
and vitamin E as shortfall nutrients in the US diet. The goal was to
produce a nutrient density score that would be consistent with the
Nutrition Facts panel and could be used for front-of-pack labeling.

One way to visualize the nutrient density of foods is to de-
termine the percentage daily value (%DV) of different nutrients
per serving, always in relation to calories. Thus, a 6-ounce
serving of plain skimmed-milk yogurt supplied,5% DVof daily
calories but.30% DVof calcium,.25%DVof phosphorus,.10%
DV of potassium and zinc, and .5% DV of magnesium. Simi-
larly, a fruit-flavored low-fat yogurt provided ,10% of dietary
energy but .25% DV of calcium, .20% DV of phosphorous,
close to 15% DVof protein, and .10% DVof potassium. Given
the favorable nutrients-to-calories ratio, a yogurt can be defined
as a nutrient-rich food.

Nutrient profiling aims to provide an overall nutrient density score
on the basis of several nutrients. Reference DVs, based on
a 2000-kcal diet, were obtained for protein (50 g); fiber (25 g);
vitamins A (5000 IU), C (60 mg), and E (30 IU); calcium (1000 mg);
iron (18mg); potassium (3500mg); andmagnesium (400mg).Nutrient
contents of foods were converted to %DVs per reference amount and

then capped at 100%DV so that foods containing very large amounts
of a single nutrient would not obtain a disproportionately high index
score (1). For nutrients to limit, maximum recommended values
were 20 g for saturated fat, 125 g for total sugar, 50 g for added sugar,
and 2400 mg for sodium. All scores were initially calculated per 100
kcal, per 100 g, or per serving size of food (14, 15).

The FDA-mandated serving sizes are otherwise known as
reference amounts customarily consumed (RACCs). The FDA
uses 139 different RACC values that are set lower for energy-
dense sugar (4 g), fats and oils (15 g), and cheeses (30 g) than for
meats (85 g), vegetables and fruit (120 g), yogurts (220 g), or
milk, juices, and other beverages (240 g).

The family of NRF models was developed and tested by using
the open-access USDA Food and Nutrient Database for Dietary
Studies (FNDDS), which is used to code, process, and analyze the
What We Eat in America dietary intake data (18). The FNDDS
files include detailed food descriptions, food portions and
weights, nutrient descriptions, and links to the USDA Standard
Release nutrient composition databases (19). The FNDDS data
now include vitamin D but need to be supplemented with the
added sugar content of foods. RACC values were developed for
5096 foods in the FNDDS database.

In developing the family of NRF indexes, we first created
nutrient-rich subscores based on a variable number n of bene-
ficial nutrients (NRn). The NRn components were expressed as
unweighted sums of %DVs (SUM) or as means of %DVs
(MEAN) per reference amount. The negative limited nutrient
score (LIM) component was based on 3 nutrients only (saturated
fat, added sugar, and sodium), which were also expressed as %
DVs per reference amount.

NRF indexes were calculated as the arithmetic differences
between the positive (NRn) and the negative (LIM) components.
A ratio-based algorithm was also tested. Food scores obtained
by using alternative NRn, LIM, and NRF indexes were then
compared with the energy density (kcal/100 g), energy cost
($/100 kcal), and nutrient content of the food. Different algo-
rithms and calculation methods developed in past research (14,
15) are shown in Table 1.

Index calculations based on 100 kcal and 100 g or serving size
gave rise to very different results. Foods that benefited the most
from the 100-kcal calculation were low-energy-dense vegetables
and salad greens, such as spinach, lettuce, endive, watercress, and
cabbage. Foods that benefited more from the 100-g calculation
were energy-dense foods, notably nuts and seeds, protein powder,
and fortified cereals. RACC-based calculations benefited foods
that were consumed in amounts.100 g, including fruit and fruit
juices, cooked vegetables and juices, milk and yogurts, and other
beverages and mixed foods. By contrast, foods that were con-
sumed in amounts ,100 g, such as nuts and seeds, and fortified
cereals received lower scores under a RACC-based system.

The LIM subscore performed differently when calculated per
100 g or per RACC. The most pronounced differences were
obtained for fats, mixed foods, and beverages. Calculations based
on 100 g strongly penalized foods that contained saturated fat and
sodium but that were regularly consumed in serving sizes well
below 100 g. RACC-based LIM scores penalized beverages that
contained added sugar and were consumed in 240-g portion sizes,
as opposed to 100 g. A system based on 100 g was more lenient
toward sugar-sweetened beverages than a system based on serving
size (240 g in the United States).

4 Abbreviations used: DV, daily value; FDA, US Food and Drug Admin-

istration; FNDDS, Food and Nutrient Database for Dietary Studies; HEI,

Healthy Eating Index; LIM, limited nutrient score; NRF, Nutrient-Rich

Foods (index); NRn, subscore based on a variable number n of beneficial

nutrients; RACC, reference amount customarily consumed.
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VALIDATION OF NUTRIENT PROFILE MODELS

Choosing the best nutrient profile model from among multiple
alternatives is another scientific challenge (2, 19). In some val-
idation studies, food rankings generated by different models were
compared with mean ratings for the same foods generated by
health professionals or by expert panels (20). Only 3 published,
fully transparent models have been validated with respect to
objective diet quality measures: the French SAIN/LIM (16), the
British FSA-Ofcom model (19), and the NRF9.3 index (3).

In the NRF9.3 validation study (3), each food reported by
subjects in the NHANES 1999–2002 was scored by using NRn,
LIM, and NRFn.3 algorithms. The NRn and NRFn.3 indexes
were based on a variable number n of beneficial nutrients (where
n = 6–15). An average nutrient density score for each person was
calculated on the basis of either 100 kcal or RACC, and Healthy

Eating Index (HEI) 2005 values were independently calculated.

Food-based scores per person were then regressed against HEI,

with adjustment for sex, age, and ethnicity. The measure of in-

dex performance was the percentage of variation in HEI (R2)

explained by each model (3).
As shown in Figure 1, the NRF9.3 nutrient profile model

based on 100 kcal and on RACC explained the most variation in

HEI (44.5% of the variance). The NRF9.3 model was based on

protein; fiber; vitamins A, C and E; calcium; iron; potassium;

and magnesium. These are the nutrients of concern as identified

by US government agencies and expert panels. The 3 nutrients

to limit were saturated fat, added sugars, and sodium.
NRF indexes that included beneficial nutrients as well as

nutrients to limit performed better than did indexes that were
based on nutrients to limit only. The LIM score predictedw32%

TABLE 1

Algorithms for NRn and LIM subscores and for the composite NRF nutrient profile models1

Model Algorithm Reference amount Comment

Subscores NRn

NRn_100 g +1–n (Nutrienti/DVi) 3 100 100 g Nutrienti = content of nutrient i in 100 g

DV = daily value

NRn_100 kcal (NRn_100 g/ED) 3 100 100 kcal ED = energy density (kcal/100 g)

NRn_RACC (NRn_100 g/100) 3 RACC Serving RACC = FDA serving size

Subscores LIM

LIM_100 g +1–3 (Li/MRVi) 3 100 100 g Li = content of limiting nutrient i in 100g

MRV = maximum recommended value

LIM_100 kcal (LIM_100 g/ED) 3 100 100 kcal ED = energy density (kcal/100 g)

LIM_RACC (LIM_100 g/100) 3 RACC Serving RACC = FDA serving size

Composite NRFn0.3

NRFn.3_sum NRn_100 kcal – LIM_100 kcal 100 kcal Difference between sums

NRFn.3_mean NRn/n – LIM/3 100 kcal Difference between means

NRFn.3_ratio NRn/LIM2 None Ratio

1 FDA, US Food and Drug Administration; LIM, limited nutrient score; NRF, Nutrient-Rich Foods; NRn, subscore

based on a variable number n of beneficial nutrients; RACC, reference amount customarily consumed.
2NRn_100 g/LIM_100 g was equivalent to NRn_100 kcal/LIM_100 kcal and to NRn_RACC/LIM_RACC.

FIGURE 1. Linear regressions of LIM and NRFn.3 models on the Healthy Eating Index 2005 calculated for participants aged .4 y in the NHANES 1999–
2002 database. Data are from reference 3 (Table 2, page 1551). LIM, limited nutrient score; NRF, Nutrient-Rich Foods; RACC, reference amount customarily
consumed.
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of the variance in HEI. Maximum variance in HEI was ex-
plained with the use of 6 or 9 beneficial nutrients; index per-
formance actually declined with the inclusion of additional
vitamins and minerals. The data confirmed previous studies (14,
15) showing that increasing the number of nutrients above 10 in
a nutrient profile model provided little or no additional benefit in
predicting overall diet quality.

In other analyses, NRF indexes based on 100 kcal (418 kJ)
performed similarly to indexes based on RACC. Algorithms
based on sums or means of nutrient-based subscores performed
better than did algorithms based on dividing one subscore by
another (eg, reference 21). Ratio-based scores are inherently
problematic andmay need to be radically transformed before they
will be useful to consumers.

The NRF9.3 index was an unweighted score. Instances of
weighted nutrient density scores do exist, and weights have been
justified in a variety of ways: biological quality of nutrients, their
bioavailability, their ubiquity in the food supply, and relative
influence to health. In past studies, weighting has been based on
expert opinion. However, new analyses point to novel approaches
to weighting nutrients for inclusion in nutrient profiling schemes
based on their estimated importance in the population diet (22).

IDENTIFYING NUTRIENT-DENSE FOODS

As shown in Figure 2, the median nutrient density of foods, as
rated by the NRF system, differed across the major USDA food
groups (2, 3). The highest scores were obtained by low-energy-
dense vegetables and fruit, followed by legumes and eggs. Fats
and oils, grains, and sweets had higher energy density and lower
per-calorie nutrient content. Within food groups, whole grains
scored higher than refined grains and 100% fruit juices scored
higher than soft drinks. Lower-fat dairy products, including fluid
milk and yogurts, had higher scores than did products containing
more saturated fat.

Individual NRF9.3 scores showed more variance than did
median scores for a given food category or food group. Thus,
skimmed milk scored 123 on the NRF9.3 score, chocolate
skimmed milk scored 56, milk with 2% fat (semiskimmed)
scored 43, and whole milk 38. Plain nonfat yogurt scored 94,
whereas vanilla-flavored nonfat yogurt scored 38. Lower NRF
scores were obtained for ice cream and for some dairy desserts.

BUILDING HEALTHIER DIETS

Studies have shown that nutrient density is an accurate marker
of healthy diets, distinguishing between diets that are energy
dense and those that are nutrient rich (11). Participants in the
1999–2002 NHANES were then assigned to quintiles on the
basis of their dietary NRF9.3 scores. Persons in the top quintile
of NRF9.3 scores consumed more beneficial nutrients, including
some that were not part of the model (vitamin B-12 and zinc).
Their diets were also characterized by more whole grains, low-
fat dairy, vegetables, and fruit. However, the more-nutrient-
dense diets tended to be more expensive. As shown in Figure 3,
the top NRF9.3 quintile was associated with significantly
higher per-calorie diet costs compared with the lowest NRF9.3
quintile (4).

These findings, associating different nutrient density scores
with diet quality measures, have implications for dietary guid-
ance. Quintiles of NRF9.3 scores translated easily into a con-
sumer-friendly 5-point scale (24). Preliminary data suggest that
each point on a 5-point scale was approximately equivalent to
10% DV, a criterion favored by the FDA in regulating nutrition
and health claims.

Focusing only on nutrients to limit may not necessarily guide
consumers toward healthier options, especially if those options
are associated with lower enjoyment and higher cost. However,
a focus on nutrient density may influence healthier choices, as
shown in a pilot intervention trial (25). However, more studies are

FIGURE 2. Median NRF9.3 index scores for each major USDA food group plotted against median cost per 100 kcal. Higher NRF index scores denote
higher nutrient density per 100 kcal (from reference 4, Figure 2). The size of the bubble denotes the number of foods per food group (from reference 4, Table
2). NRF, Nutrient-Rich Foods.
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needed to confirm that nutrient density signposting can lead to
positive changes in consumer food purchase behavior (26).

Nutrition experts agree that the US diet tends to be energy dense
but nutrient poor (1). Increasing the consumption of lower-energy
but nutrient-rich foods would achieve the twin objectives of re-
ducing daily calories and increasing the overall nutrient density of
the diet. Identifying foods that are affordable, sustainable, and
nutrient rich is the goal of nutrient profiling (2–4). The NRF and
other nutrient profiling models were intended to promote the
consumption of fewer calories and more beneficial nutrients (2–4).

Paradoxically, much dietary advice emphasizes what nu-
trients to avoid. The notion of what constitutes a “healthful”
food seems to be based on the absence of saturated fat, added
sugars, and sodium rather than on the presence of beneficial
nutrients that the food contains (1). As witnessed by dramatic
increases in the rates of obesity and diabetes over the past 20
y, such negative dietary advice has not been effective. A more
positive approach to dietary guidelines may prove to be more
successful in the long term (6, 7).

Translating the concept of nutrient density into healthier ev-
eryday diets requires the combination of nutrient profiling methods
with other strategies for improving food habits and health. Studies
need to address food patterns and overall diet quality, especially in
relation to sustainability and to monetary cost (23, 24) and
greenhouse gas emissions (12). The NRF9.3 is the only index that
has been linked to US food prices in an effort to identify affordable
nutrient-rich foods that are part of the mainstream US diet.
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Yogurt and weight management1–4

Paul F Jacques and Huifen Wang

ABSTRACT
A large body of observational studies and randomized controlled tri-
als (RCTs) has examined the role of dairy products in weight loss and
maintenance of healthy weight. Yogurt is a dairy product that is gen-
erally very similar to milk, but it also has some unique properties that
may enhance its possible role in weight maintenance. This review
summarizes the human RCT and prospective observational evidence
on the relation of yogurt consumption to the management and main-
tenance of body weight and composition. The RCT evidence is lim-
ited to 2 small, short-term, energy-restricted trials. They both showed
greater weight losses with yogurt interventions, but the difference
between the yogurt intervention and the control diet was only signif-
icant in one of these trials. There are 5 prospective observational
studies that have examined the association between yogurt and
weight gain. The results of these studies are equivocal. Two of these
studies reported that individuals with higher yogurt consumption
gained less weight over time. One of these same studies also consid-
ered changes in waist circumference (WC) and showed that higher
yogurt consumption was associated with smaller increases in WC.
A third study was inconclusive because of low statistical power.
A fourth study observed no association between changes in yogurt
intake and weight gain, but the results suggested that those with the
largest increases in yogurt intake during the study also had the high-
est increase inWC. The final study examined weight andWC change
separately by sex and baseline weight status and showed benefits for
both weight and WC changes for higher yogurt consumption in
overweight men, but it also found that higher yogurt consumption
in normal-weight women was associated with a greater increase in
weight over follow-up. Potential underlying mechanisms for the ac-
tion of yogurt on weight are briefly discussed. Am J Clin Nutr
2014;99(suppl):1229S–34S.

INTRODUCTION

Overweight and obesity lead to increased risk of many del-
eterious health outcomes, including cardiovascular disease, type
2 diabetes, hypertension, some cancers, and many other chronic
conditions and result in a reduced life expectancy (1–4). Because
of their comorbidities and associated disability, overweight and
obesity are associated with considerable economic costs result-
ing from reduced working capability and increased health care
expenditures (5). Diet plays a key role in long-term maintenance
of body weight and body composition (6), but apart from af-
fecting energy balance, we still have a limited understanding of
the specific foods, nutrients, and other dietary constituents that
might influence weight maintenance.

Dairy products comprise a major food group and are an im-
portant nutrient source in the American diet (7, 8). Nutritional

qualities of dairy have been widely examined in observational
studies and randomized controlled trials (RCTs)5 that target the
change, management, or maintenance of body weight and adi-
posity (9–12).

Although yogurt and milk have a generally similar nutrient
composition (13, 14), yogurt is a relatively unique dairy product.
Because of its specific manufacturing procedures and fermen-
tation, many nutrients, including protein, riboflavin, vitamin B-6,
vitamin B-12, calcium, potassium, zinc, and magnesium, are
more concentrated (ranging from 20% to.100%) in yogurt than
in milk (15); and the acidity of yogurt increases the bio-
availability of specific nutrients such as calcium (16). In a recent
cross-sectional analysis in 6526 American adults, we found that
yogurt consumers were more likely than those who did not
consume yogurt to have a better overall diet quality and a higher
potassium intake and were less likely to have inadequate intakes
of riboflavin, vitamin B-12, calcium, magnesium, and zinc (17).
Yogurt also has more lactic acid and galactose but less lactose
than milk (13, 14). In addition to increased protein concentra-
tions, yogurt has higher concentrations of specific peptides and
free amino acids than milk (13, 14). Moreover, probiotics in
yogurt have possible health benefits (18, 19). Although there has
been growing interest in yogurt’s relation to gut and immuno-
logic function and aspects of cardiometabolic health (13–16),
this remains understudied in relation to weight maintenance.

The primary purpose of this review is to summarize the
existing human evidence on the relation between yogurt and the
management and maintenance of body weight and composition.
We also briefly explore potential underlying mechanisms. In
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assessing the evidence linking yogurt to weight and the potential
mechanisms of action, it is important to consider yogurt in the
context of overall dairy to determine whether the potential
health benefits of yogurt are just a consequence of its being
a dairy food or if there are health effects that are unique to
yogurt.

YOGURT CONSUMPTION ANDWEIGHTAND FAT LOSS:
EVIDENCE FROM CLINICAL TRIALS

A recent meta-analysis by Chen et al (11) summarizes the
results from 29 RCTs that examined the effects of various dairy
interventions on changes in body weight and fat mass. Their
findings suggested that, overall, dairy interventions resulted in no
significant weight loss but a modest reduction in fat mass.
However, when the trials were stratified on the basis of whether or
not the treatment diets were energy restricted, there was a modest
effect of dairy interventions (compared with control groups) on
weight and fat loss when used as part of an energy-restricted diet.
Dairy interventions did not promote more loss in weight or fat
mass than did control dietary regimens among the trials with ad
libitum interventions.

Among these 29 RCTs, yogurt was included as part of the
intervention in 15 trials. A combination of yogurt and milk was
used as the intervention in 2 trials; 11 allowed participants to
choose freely from yogurt, cheese, and milk; but only 2 trials
considered yogurt alone as the dairy intervention, a 2005 trial by
Zemel et al (20) and a 2011 trial conducted by Thomas et al (21).
Both of these were energy-restriction trials. Specifically, Zemel
et al (20) randomly assigned 34 obese individuals to a yogurt
intervention [a 6-ounce (170-g) serving of fat-free yogurt 3 times/d]
or a control diet [including a 6-ounce (170-g) gelatin-based
dessert placebo 3 times/d] providing, at most, 1 serving dairy/d as
part of a 12-wk, 500-kcal/d deficit diet. The yogurt intervention
resulted in a 33% greater reduction in body weight, a 60% greater
loss of body fat, and a 31% reduction in the loss of lean bodymass
than did the control diet. Thomas et al (21) randomly assigned 29
overweight women who were engaged in a resistance-training
program to two 6-ounce (170-g) fat-free yogurt supplements
(3 times/wk) or two 6-ounce (170-g) isoenergetic sucrose bev-
erages (3 times/wk) as part of a 250-kcal/d energy-deficit diet for
a period of 16 wk. Differences in loss of weight, total fat, waist
circumference (WC), sagittal diameter, and trunk fat were not
significantly different between the yogurt and control groups in
this trial.

This summary shows the paucity of intervention data relating
yogurt to weight loss and weight maintenance. There are only 2
RCTs (20, 21), one of which shows a significant benefit of yogurt
(20), whereas findings from the second were equivocal (21).
There are differences between these 2 trials that may be re-
sponsible for the discrepant findings, such as differences in
participants’ weight, control diets, and length of follow-up.
However, perhaps the most important difference was the yogurt
dose. The yogurt intervention in the trial by Thomas et al (21)
provided 1020 g fat-free yogurt per week, whereas the weekly
dosage provided in the study by Zemel et al was 3.5-fold higher
(20). One important limitation of both of these RCTs in as-
sessing the unique effect of yogurt relative to other dairy
products was the lack of a comparable dairy control. Without
such a control, we cannot confidently attribute the observed

effects on weight and body composition to any special proper-
ties of yogurt.

YOGURT CONSUMPTION AND WEIGHT AND WC:
EVIDENCE FROM OBSERVATIONAL STUDIES

In addition to the RCTs examining the effect of dairy on
weight, there is also an extensive observational literature on dairy
and weight management. Louie et al (9) published a systematic
review of prospective observational studies of dairy and weight
gain in 2011. They identified 19 prospective cohort studies of
dairy intake and change in weight or body fat; only 3 considered
yogurt as a separate item (22–25). Subsequent to publication of
this review, 2 additional studies were published that considered
yogurt separately (25, 26). These 5 prospective observational
studies are summarized in Table 1. Because yogurt (and in some
cases dairy) was not the focus of these studies, some of the
details with regard to yogurt consumption in these 5 articles
were limited.

Pereira et al (22) based their report on a 10-y follow-up of
.2700 participants from the Coronary Artery Risk De-
velopment in Young Adults (CARDIA) Study, a sample of
young adults (mean age: 25 y) from 4 large US metropolitan
areas. More than half of the participants were black. A 28-d diet
history questionnaire was used at baseline to collect the fre-
quency of consumption for selected foods. The median fre-
quency of yogurt intake in whites was 0.3 times/wk for
overweight participants and 0.5 times/wk for normal-weight
participants; the median consumption of yogurt was 0 times/wk
in black participants irrespective of weight status. Drapeau et al
(23) examined food groups and weight change over an average
follow-up of 5.9 y in the Quebec Family Study, a small cohort of
248 parents and their offspring ($18 y) from Quebec, Canada.
The mean age of this cohort was 40 y. Yogurt intake was as-
sessed at baseline and at the final study visit by using a 3-d diet
record, but the authors did not provide information on the fre-
quency of yogurt consumption in this population. Vergnaud et al
(24) examined yogurt intake and change by using data from the
SUpplementation en VItamines et Mineraux AntioXydants (SU.
VI.MAX) trial, a large antioxidant vitamin and mineral in-
tervention study that recruited participants from throughout
France. They based their analysis on 13,017 participants (mean
age: 51 y) with an average follow-up of 6 y. Information on dietary
intake was collected at baseline via several 24-h dietary recalls.
Mean yogurt intakes were 0.52 and 0.67 servings/d (125 g yogurt/
serving) in men and women, respectively. Mozaffarian et al (25)
used data for .120,000 men and women from the 3 Harvard
health professionals’ cohorts: the Nurses’ Health Study (NHS;
20-y follow-up), NHS-II (12-y follow-up), and the Health Pro-
fessionals Follow-Up Study (20-y follow-up). Mean ages were
52, 38, and 51 y in the NHS, NHS-II, and Health Professionals
Follow-Up Study, respectively. These investigators excluded
individuals who were obese or had any chronic disease. Dietary
intake was repeatedly assessed during follow-up in these 3 co-
horts by Harvard food-frequency questionnaires (FFQs) (27).
Although yogurt intake was assessed by the FFQ, the authors did
not present information on the usual amounts of yogurt con-
sumed by members of these cohorts in their article. Finally, our
recent longitudinal analysis of the Framingham Heart Study
offspring cohort (26) included 3440 participants with 11,683
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observations and a median follow-up of 12.9 y. Data on dietary
intake and anthropometric measurements were collected at baseline
and at 3 follow-up examinations. The Harvard FFQ (27) was used
to assess participants’ usual dietary intake. At baseline, the mean
yogurt intake was 0.86 servings/wk. By the end of follow-up, that
intake had increased to 1.35 servings/wk. A standardized serving size
of yogurt on the FFQ was 1 cup (227 g).

The findings varied across these 5 studies (Table 1). Results
from the CARDIA study (22) reported that the OR for 10-y
incident obesity associated with each additional serving yogurt/d was
0.47 (95% CI: 0.16, 1.43) among young adults who were
overweight at baseline after adjustment for numerous lifestyle
and dietary factors. These results were inconclusive because of
the low power to detect an association in the overweight par-
ticipants. The authors did not present the results for normal-
weight participants. The Quebec Family Study (23) found no
association between change in yogurt consumption and weight
change but observed a positive association with the change inWC
after adjustment for age, initial weight or WC, and change in
physical activity. These investigators observed that an increase of
1 serving yogurt/d from baseline to the end of follow-up was
associated with a 0.42-cm increase in WC over the 6-y follow-up
period (P = 0.02). The SU.VI.MAX trial examined yogurt intake
and changes in weight and WC by participants’ sex and weight
status (24). Significantly less gain in weight and WC was found
in overweight men but not in normal-weight men. Overweight
men who consumed .1.1 serving yogurt/d gained, on average,
1.1 kg (55%) less body weight and 1.3 cm (80%) less WC over
the 6-y follow-up compared with overweight men who con-
sumed ,0.2 servings/d (P = 0.01 and P = 0.03, respectively). In
contrast, there was no association seen between yogurt and
weight change in overweight women whereas normal-weight
women who consumed .1.3 servings yogurt/d gained, on av-
erage, 0.7 kg (53%) more weight than did their counterparts who
consumed ,0.4 servings yogurt/d over the 6-y follow-up (P =
0.04). There was no association between yogurt consumption
and WC among women irrespective of baseline weight (24).
Mozaffarian et al (25) reported that the 4-y weight gain was, on
average, 0.82 pounds (w0.37 kg) less with each additional
serving of yogurt/d consumed (P , 0.001); this inverse asso-
ciation was similar in all the 3 cohorts that they examined. Fi-
nally, in our recent longitudinal analysis of the Framingham
Heart Study offspring cohort (26), we observed that participants
who consumed $3 servings yogurt/wk gained 0.09 kg less
body weight/y and 0.14 cm less WC/y than those consuming,1
serving yogurt/wk after adjustment for sex, age, smoking status,
physical activity, weight or WC at the start of each examination
interval, energy intake, and overall diet quality assessed by the
Dietary Guidelines Adherence Index score (28) (P = 0.03 and
0.008 for weight and WC, respectively). We observed similar
associations with total dairy and both weight change (P = 0.04)
and WC change (P = 0.05). However, it should be noted that the
similar observations seen for total dairy and yogurt intake are
based on $3 servings/d for total dairy but only $3 servings/wk
for yogurt, suggesting similar potential benefits at a much lower
intake of yogurt. Moreover, after yogurt from total dairy intake
was excluded, these associations with total dairy intake were
weakened and were no longer statistically significant.

There are no clear reasons for the lack of consistent findings
between studies. The CARDIA study (22) findings for overweight

individuals are underpowered because of the relatively small
number of overweight participants and the small proportion of
yogurt consumers in this young adult cohort. The Quebec Family
Study (23) was the only one of these studies to base intake on 3-d
diet records, which may have led to greater misclassification of
yogurt intake given the episodic nature of yogurt consumption in
North America. Also, the authors of this study took a different
analytic approach to examine this relation. Rather than relating
absolute intake amounts to changes in weight or WC, they ex-
amined the association between the change in yogurt and change
in weight and WC over the study’s follow-up period. The change
in intake may not relate to the typical (ie, average) intake during
follow-up. The SU.VI.MAX trial (24) investigators stratified their
sample by sex and baseline weight status. Even though the test for
interaction between baseline weight, sex, and yogurt consumption
was marginally significant (P = 0.04), it is possible that the var-
iation in results observed within these stratified analysis was
spurious or, as the authors of this study suggested, the differences
could be a consequence of different dietary patterns for men
and women and for body weight status. More large prospective
studies, particularly studies in populations with higher yogurt
consumption, are warranted to help clarify the role of yogurt in
maintaining a healthy weight.

POTENTIAL UNDERLYING MECHANISMS

Although there is limited human evidence on the role of yogurt
in weight change, there is no shortage of hypothesizedmechanisms
for the effect of yogurt on weight and fat mass. As mentioned
previously, yogurt is a concentrated dairy product, providing
a greater amount of various water-soluble nutrients (eg, calcium)
per serving size than do milk drinks (15). In addition, some nu-
trients in yogurt are more bioavailable than in other forms of dairy
(29). Calcium and other nutrients (eg, whey and casein proteins,
bioactive peptides, amino acids, and fatty acids), which are
abundant in yogurt (13, 14), have been shown, or have been
proposed, to facilitate loss of weight and fat mass (30–32). Higher
calcium intake is thought to reduce lipogenesis and stimulate li-
polysis and lipid oxidation through its effects on intracellular
calcium concentrations, mediated primarily by calcitriol concen-
trations (30). It has been shown that the increase in circulating
calcitriol resulting from low-calcium diets can stimulate calcium
influx into adipocytes. Increased intracellular calcium, in turn,
promotes adiposity as it stimulates lipogenic gene expression and
lipogenesis and inhibits lipolysis, leading to increased lipid in
adipocytes. Calcium may also interact with other nutrients and
components of dairy foods and with fermentation products be-
cause sources of dairy calcium appear to have a greater effect on
weight change than does supplemental calcium, perhaps acting
synergistically with bioactive peptides and branch chain amino
acids (30). The potential roles of calcium and other dairy bioactive
compounds in weight maintenance are not unique to yogurt, but,
as noted above, the amount and availability of calcium and some
of the other potential bioactive constituents of dairy are generally
greater in yogurt than in equal amounts of milk.

There is also much recent evidence supporting a role of gut
microbiota in weight control (33–35). As a fermented dairy
product, yogurt is a good source of probiotic bacteria that may
favorably alter the gut microbiota. The dominant gut microbiota
of obese mice or humans differs substantially from that of their
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lean counterparts and appears to use energy from diets in a more
efficient manner, which may promote weight gain (33, 34). Such
differences in the energy-harvest capacity of microbiota are
transmissible between obese and lean donors (34). It is believed
that the bacteria in probiotic yogurt can enhance the growth of
beneficial intestinal microbiota and influence gut function and
distant tissues through regulation of the immune system (36);
such effects may result in weight loss or in prevention of weight
gain. A recent mouse study showed that supplementing with
a probiotic yogurt inhibited the weight gain resulting from
a westernized diet and aging (35). The authors further examined
the underlying mechanisms and showed that a bacterium puri-
fied from yogurt was able to inhibit fat accumulation via an
adaptive immune cell mechanism and that a preexisting diverse
gut microbial community was essential for this good bacterium
to exert its beneficial effect (35).

Another underlying mechanism may include the potential
difference in satiety resulting from the consumption of yogurt
compared with other drinks or dairy products. Small short-term
RCTs have shown that yogurt is more satiating than other se-
lected foods such as fruit drinks, chocolate bars, and crackers;
however, this effect does not translate into lower subsequent
energy intakes (37–39).

CONCLUSIONS

Although there is a large body of data that relates dairy intake
to weight management, we still know little about the specific role
that yogurt might play and whether any beneficial effects of
yogurt are unique to its specific properties or merely attributable
to the fact that it is a dairy food. As we accumulate additional
evidence for or against a benefit of yogurt consumption on weight
management, the uncertain weight benefits of yogurt should not
deter recommendations for including yogurt as part of a healthy
diet, because it is a nutrient-dense, lower-calorie food that can
help many Americans meet the dairy recommendations of the
2010 Dietary Guidelines for Americans (40).
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Yogurt and dairy product consumption to prevent cardiometabolic
diseases: epidemiologic and experimental studies1–3

Arne Astrup

ABSTRACT
Dairy products contribute important nutrients to our diet, including
energy, calcium, protein, and other micro- and macronutrients. How-
ever, dairy products can be high in saturated fats, and dietary guide-
lines generally recommend reducing the intake of saturated fatty
acids (SFAs) to reduce coronary artery disease (CAD). Recent stud-
ies question the role of SFAs in cardiovascular disease (CVD) and
have found that substitution of SFAs in the diet with omega-6 (n–6)
polyunsaturated fatty acids abundant in vegetable oils can, in fact,
lead to an increased risk of death from CAD and CVD, unless they
are balanced with n–3 polyunsaturated fat. Replacing SFAs with
carbohydrates with a high glycemic index is also associated with
a higher risk of CAD. Paradoxically, observational studies indicate
that the consumption of milk or dairy products is inversely related
to incidence of CVD. The consumption of dairy products has been
suggested to ameliorate characteristics of the metabolic syndrome,
which encompasses a cluster of risk factors including dyslipide-
mia, insulin resistance, increased blood pressure, and abdominal
obesity, which together markedly increase the risk of diabetes and
CVD. Dairy products, such as cheese, do not exert the negative
effects on blood lipids as predicted solely by the content of sat-
urated fat. Calcium and other bioactive components may modify
the effects on LDL cholesterol and triglycerides. Apart from sup-
plying valuable dairy nutrients, yogurt may also exert beneficial
probiotic effects. The consumption of yogurt, and other dairy
products, in observational studies is associated with a reduced
risk of weight gain and obesity as well as of CVD, and these
findings are, in part, supported by randomized trials. Am J
Clin Nutr 2014;99(suppl):1235S–42S.

INTRODUCTION

Despite a dramatic decrease in the incidence of cardiovascular
disease (CVD)4 in the past 60 y, it is still a leading cause of
death in Western countries, and the prevalence of CVD is in-
creasing because of the aging population (1). There is robust
evidence to suggest that a substantial proportion of the CVD
seen today can be prevented by a generally healthier lifestyle in
the population as a whole and by targeting lifestyle change to
manage cardiovascular risk factors in high-risk individuals (2).
Lifestyle advice for reducing the risk of CVD may be summa-
rized by the 5 key elements: eat a healthy, balanced diet with
low or no industrially produced trans fat (3); be more physically
active; keep to a healthy weight; give up smoking; and comply
with only moderate alcohol consumption (2). Effective CVD
prevention in the US population could potentially reduce the

incidence of myocardial infarction (MI) by .60%, reduce the
incidence of stroke by w30%, and increase life expectancy by
an average of 1.3 y (4).

SFAs have played a key role in hypotheses relating diet to the
risk of coronary heart disease (CAD): thus, a reduction in SFA
intake has been at the heart of most dietary recommendations to
reduce the risk of CAD (5, 6). Dairy products can be high in
saturated fat, and it is estimated that dairy products (excluding
butter) contribute to 24% of the saturated fat intake of the US diet
(7); these figures are 25–30% in European countries (8). Para-
doxically, it has been suggested that the consumption of dairy
products can ameliorate characteristics of the metabolic syndrome,
which has an effect on cardiovascular complications (9–11). The
metabolic syndrome comprises a cluster of risk factors including
dyslipidemia, insulin resistance, increased blood pressure (BP),
and abdominal obesity, that together markedly increase the risk of
diabetes and CVD. This article provides a review of data arising
from observational studies and randomized controlled trials
(RCTs) with regard to the impact of dairy product intake on risk
factors for cardiometabolic disease and cardiovascular outcomes.

DAIRY PRODUCTS AND BODY WEIGHT

Dairy consumption has been studied extensively for its pos-
sible roles in body weight regulation. There is evidence to suggest
that the consumption of dairy products reduces body fat but not
necessarily body weight (12–14), attributable to a preservation of
lean body mass. In addition, limited findings suggest that yogurt
may have a more powerful effect on weight and body fat than
other dairy foods, but further RCTs are needed to confirm this.
Potential mechanisms for these findings are unclear, although
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evidence suggests that changes in the gut microbiota may in-
fluence weight gain (15).

Changes in diet and lifestyle factors were evaluated across 3
large prospective studies to determine their impact on long-term
weight gain in 22,557 men and 98,320 women included in health
studies in the United States (12). Over a 4-y period, it was found
that most of the foods that were positively associated with weight
gain were starches or refined carbohydrates, whereas conversely,
yogurt consumption was associated with a reduction in weight
across the study populations (Figure 1) (12). The consumption
of cheese, vegetables, fruit, nuts, and whole grains also showed
a beneficial association with weight reduction or weight maintenance
but to a lesser extent than did yogurt consumption. All drinks con-
sumed, with the exception of milk, were positively associated with
weight gain, and no significant differences were seen between low-
fat and semiskimmed milk compared with whole-fat milk (12).

The effect of dairy consumption on weight and body compo-
sition was further investigated in 2meta-analyses (13, 14). The first

meta-analysis of 14 RCTs in 883 adults found that increasing dairy
consumption to recommended daily intakes in adults who do not
follow any calorie-restricted diet had a small effect on weight loss
but also a decrease in fat mass and waist circumference and an
increase in lean body mass (13). The consumption of high-dairy,
calorie-restricted diets resulted in greater weight loss and a higher
reduction in waist circumference and fat mass compared with
conventional calorie-restricted diets, with an increase in lean body
mass. The second meta-analysis of 29 RCTs in 2101 participants
found that overall consumption of dairy products did not result in
a significant reduction in weight; however, a subgroup analysis
showed that consumption of dairy products in the context of energy
restriction did reduce body weight. Furthermore, a modest reduction
in body fat was shown in the dairy group across 22 RCTs (14).

Mechanistic explanations for the association between high
dairy intake and lower body weight/body fat mass found in
observational studies include an effect of increased dairy calcium
intake on energy balance (16, 17). One explanation postulated for

FIGURE 1. Relation between changes in food and beverage consumption and weight changes every 4 y (1 lb = 0.454 kg). Reproduced with permission
from reference 12. HPFS, Health Professionals Follow-Up Study; NHS, Nurses’ Health Study.
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the observed inverse relation between dairy calcium intake and
body weight and body fat is that dietary calcium interferes with fat
absorption in the intestine by forming insoluble calcium soaps with
fatty acids, and/or binding of bile acids, resulting in a decrease in
the digestible energy of the diet (18). A meta-analysis of 3
crossover-design RCTs comparing high dairy calcium with low
dairy calcium diets for 1 wk and involving a total of 29 participants
showed that increasing the dairy calcium intake by 1241 mg/d
resulted in an increase in fecal fat excretion of 5.2 (1.6–8.8) g/d (18).
One of these studies showed that SFAs, MUFAs, and PUFAs were
all excreted in larger amounts with the high-calcium diet (19).

Dairy foods may also modulate body weight regulation by
calcium-independent mechanisms. Dairy proteins suppress short-
term food intake, increase satiety, and stimulate food intake
regulatory mechanisms known to signal satiation and satiety (20).
The effects of different types of protein (whey, casein, and milk),
on diet-induced thermogenesis and satiety have been compared in
an RCT in 17 slightly overweight men [BMI (in kg/m2; 6 SEM):
29 6 4] (21). Whey and casein are present in cow milk in pro-
portions of w20% and 80%, respectively (22). A crossover-
design study comparing 3 isocaloric test meals containing either
a whey drink, casein drink, or skimmed milk found that there was
no significant effect on subjective appetite sensation but that en-
ergy intake at a subsequent lunch was lower after the milk than
after either the casein or whey drinks (a difference of 9%; P ,
0.03). No significant difference in effect on energy expenditure,
protein oxidation, or carbohydrate oxidation was observed (21).
Milk proteins are also insulinotropic, and peptides derived from
them affect the renin-angiotensin system, which may partly ex-
plain the association between dairy consumption and reduced
prevalence of the metabolic syndrome through mechanisms other
than their effect on satiety (20). Thus, milk proteins may be an
important factor explaining the association between dairy con-
sumption and healthier body weights (22).

Beyond the effect of dairy product consumption on body
weight regulation, cross-sectional studies suggest that the con-
sumption of dairy products is inversely associated with low-grade
systemic inflammation. A recent meta-analysis has investigated
the impact of dairy product consumption (milk, yogurt, cheese)
on biomarkers of inflammation by using data collected in ran-
domized, controlled nutritional intervention studies conducted in
overweight and obese adults (23). In the one study that identified
change in the inflammatory profile as its primary outcome
measure, dairy food consumption was shown to improve both
pro- and anti-inflammatory biomarker concentrations compared
with the low-dairy control diet. Improvement in key inflamma-
tory biomarkers including C-reactive protein, IL-6, or TNF-a
after dairy product consumption was shown in 3 of the 7 other
studies in which inflammation was a secondary outcome, al-
though the 4 other studies showed no effect. Further studies
may better elucidate the effect of dairy product consumption on
inflammation-related outcomes.

DAIRY PRODUCTS AND CARDIOMETABOLIC
DISEASES

It is proposed that the consumption of dairy products influences
the risk of CVD, including CAD and stroke, or all-cause mortality,
although findings from epidemiologic studies have presented con-
flicting results. A meta-analysis of 17 prospective cohort studies

involving 62,779 participants showed a modest inverse association
between milk intake and risk of overall CVD, indicating a relative
risk reduction in CVD of 6% (Figure 2) (24–28). However, milk
intake was not associated with a reduction in risk of CAD, stroke,
or total mortality. No significant associations were found between
total dairy products and total high-fat and low-fat dairy products
and CAD, although only limited studies investigated this associ-
ation (24).

A shortcoming in most of these studies is the lack of biological
markers of dairy intakes, and the study of milk fat biomarkers can
contribute to knowledge of an association between cardiovascular
risk and dairy food consumption. A prospective case-control study
in 444 participants in community-based Swedish health programs
reported that consumption of cheesewas inversely related to a first
MI in men and women and that fermented-milk intake was as-
sociated with a reduction in MI in men only (29). In agreement
with this, biomarkers of milk fat were associated with a lower risk
of developing a firstMI, especially in women, and aweak negative
association was found between milk fat biomarkers and risk
factors associated with the metabolic syndrome. A potential
causal link between milk fat intake and reduced heart disease risk
may be postulated, which contradicts the traditional diet-heart
hypothesis that promotes a diet low in saturated fat (including the
avoidance of full-fat milk) to optimize cardiovascular health. In
addition to cholesterol-elevating longer-chained SFAs, dairy
products contain other bioactive compounds that may promote
beneficial effects (30). Dairy products also elevate HDL cho-
lesterol, which is associated with a reduced risk of CVD (31).

SATURATED FAT AND CVD RISK

Diets high in saturated fat cause an increase in total and LDL
cholesterol, and it has long been thought that they increase the
risk of CAD and CVD (32). Thus, a reduction in SFA intake has
been central to many dietary recommendations to reduce the risk
of CAD (5). However, direct evidence for the involvement of
saturated fats in CAD is lacking. Ameta-analysis of 21 prospective
epidemiologic studies with 347,747 participants of whom 11,006
developed CAD or stroke during 5–23 y of follow-up showed that
there is no significant evidence that dietary saturated fat is asso-
ciated with an increased risk of CAD or CVD (33).

Consumers have long been advised to reduce saturated animal
fats in the diet to improve health and reduce the risk of CVD.
However, observational studies have shown that industrially
produced trans fatty acids, used in margarines and processed
snack/fast foods, represent the most harmful single dietary com-
ponent in terms of increasing the risk of CVD (2, 34). A daily
intake of 5 g trans fat, corresponding to 2% of energy intake, is
associated with an w30% increase in CAD risk (3).

A lower habitual intake of SFAs requires substitution with
other macronutrients to maintain energy balance. Substituting
PUFAs for saturated fat reduces LDL cholesterol and the total-to-
HDL-cholesterol ratio (35). Replacing 1% of energy intake from
SFAs with PUFAs has been associated with a 2–3% reduction in
the incidence of CAD and a reduction in coronary death (36–
38). However, the replacement of saturated fat by carbohydrates,
particularly refined carbohydrates, increases concentrations of
triglyceride and small LDL particles and reduces HDL cholesterol,
effects that can contribute to a higher risk of obesity and insulin
resistance (35). A positive association between dietary glycemic
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index (GI) and risk of ischemic heart disease has been shown (39–
41). Pooled analyses of observational studies suggest that replac-
ing saturated fat with polyunsaturated fat or carbohydrates with
low-GI values is associated with a lower risk of CAD, whereas
replacing saturated fat with carbohydrates with high-GI values
may result in a higher risk of CAD (6).

The advice to substitute saturated fats derived from animal
sources with vegetable oils rich in PUFAs was based on an as-
sumption that all PUFAs result in a reduction in blood cholesterol.
Advice from the American Heart Association supports main-
taining an n–6 PUFA intake of $5–10% of energy to reduce the
risk of CAD relative to lower intake amounts (42). However,
there is increasing recognition that the general category of
PUFAs comprises multiple species of n–3 and n–6 PUFAs, each
with unique biochemical properties and perhaps divergent
clinical cardiovascular effects. The clinical cardiovascular ben-
efits of n–3 PUFAs are reported in several RCTs (43, 44);
however, such benefits are not necessarily generally applicable
to n–6 or other PUFAs. n–6 Linoleic acid (LA) is the most
abundant PUFA in edible oils, and a study of the replacement of
SFAs with n–6 LA showed an increase in mortality from CVD
and CAD over a 3-y follow-up (45–47). In contrast, diets that
increased n–3 PUFAs together with n–6 PUFAs showed reduced
cardiovascular mortality compared with the high-SFA control
diet (46). This would suggest that diets that include oils that are
low in n–6 PUFAs (LA) and relatively high in n–3 PUFAs (eg,
n–3 a-linolenic acid), which include canola oil (a form of
rapeseed oil) and olive oil as part of the Mediterranean diet (48,
49), may provide the best protection for cardiovascular health.

EFFECT OF DAIRY PRODUCTS ON LIPID AND
GLUCOSE HOMEOSTASIS

Dairy products contain a high content of SFAs and cholesterol,
and it has been a general perception therefore that fatty dairy
products are associated with a higher risk of CVD. However,

many of the shorter-chain fatty acids found in milk fat and co-
conut oil have beneficial health effects, with important immune
response functions (50). The medium-chain SFAs in coconut oil
and butterfat (milk) increase total serum cholesterol but their
positive effects on HDL cholesterol are protective in many ways.
There is also evidence that the proteins, fats, and calcium in milk
are beneficial in lowering BP, inflammation, and the risk of type 2
diabetes (50). Evidence from observational studies indicates that
milk or dairy consumption is inversely related to the incidence of
CVD; a meta-analysis showed that participants in prospective
studies with the highest intake of dairy products had a lower
relative risk for all-causemortality, CVD, stroke, and diabetes (51).

Milk and other dairy products may not affect the lipid profile as
adversely as would otherwise be predicted from their fat content
and composition. In a study comparing intake of various beverages
at an amount of 1 L/d for 6 mo, semiskimmed milk was found to
have neutral effects on fat accumulation in visceral adipose tissue,
liver, and skeletal muscle and on circulating lipid concentrations as
compared with water (52). In contrast, the consumption of 1 L
sucrose-sweetened soft drinks every day led to significantly higher
changes in liver fat, skeletal muscle fat, and visceral fat and in
blood triglycerides (32%; P , 0.01) and total cholesterol (11%;
P , 0.01) compared with the consumption of the 3 other drinks
(isocaloric semiskimmed milk, water, or diet cola) (52).

In a crossover study in a small number of men (n = 9) who
consumed a high-fat diet enriched with milk minerals (calcium and
phosphate) or a control diet, the increase in plasma total- and LDL-
cholesterol concentrations were 6% (P = 0.002) and 9% (P = 0.03)
lower, respectively, after the milk mineral diet compared with the
control period, whereas HDL-cholesterol concentration was not af-
fected. Thus, the addition of milk minerals to a high-fat diet to some
extent attenuates the increase in total- and LDL-cholesterol con-
centrations without affecting HDL-cholesterol concentrations (53).

The effects of fermented dairy products on cholesterol have also
been investigated. A meta-analysis of controlled, short-term in-
tervention studies conducted over 4–8 wk showed that fermented

FIGURE 2. Relation between milk consumption (200 mL/d) and cardiovascular disease; dose-response meta-analysis of 4 prospective cohort studies (n =
13,518; number of cases = 2283). Reproduced with permission from reference 24. Ref, reference.
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yogurt products containing one strain of Enterococcus faecium
and 2 strains of Streptococcus thermophilus produce a 4%
decrease in total cholesterol and a 5% decrease in LDL cho-
lesterol (Figure 3) (54–59). One 8-wk RCT investigated the
effects of various fermented dairy products on risk factors for
CVD in overweight and obese individuals (55). Seventy
healthy men and women (18–55 y; overweight to obese) were
randomly assigned to receive 1 of the following 4 yogurt products
(450 mL/d) or 2 placebo pills daily: group 1 received a yogurt
fermented with 2 strains of S. thermophilus and 2 strains of Lac-
tobacillus acidophilus (StLa group); group 2 received a placebo
yogurt fermented with d-acid-lactone; group 3 received a yogurt
fermented with 2 strains of S. thermophilus and 1 strain of L.
rhamnosus (StLr group); and group 4 received a yogurt fer-
mented with 1 strain of E. faecium and 2 strains of S. thermo-
philus (G group). The dietary composition of the yogurt was
otherwise similar. At 8 wk, after adjusting for small changes in
body weight, a reduction in LDL cholesterol of 8.4% (0.26 6
0.10 mmol/L) and an increase in fibrinogen (0.74 6 0.32 mmol/
L) was observed in the G group, which was significant compared
with the placebo group and the chemically fermented yogurt
group (P , 0.05). Systolic BP was also reduced significantly
more in the StLa and G groups compared with the StLr group
(55).

Cheese is a high-fat fermented dairy product that may be
expected to increase serum cholesterol concentrations and
thereby increase risk of CVD. However, a prospective cohort
study in 120,852 subjects followed for 10 y found no association
between cheese intake and risk of ischemic heart disease (60).
The effect of cheese and butter intakes, with equal fat contents, on
risk markers of CVD was compared in a 6-wk intervention study
in 49 men and women who replaced part of their habitual diet
with 13% of energy from cheese or butter. After 6 wk, the cheese
intervention resulted in lower serum total-, LDL-, and HDL-
cholesterol concentrations and higher glucose concentrations
than did butter; and cheese did not increase serum cholesterol
concentrations compared with a lower saturated fat intake during
the run-in period (61).

The reason for the neutral effect of cheese on blood lipids is not
known; one postulated explanation is an effect of the high content of
calcium in cheese. A 4-way crossover study comparing high-
calcium and low-calcium and high-fat and low-fat diets found that
dairy calcium reduces the increase in total and LDL cholesterol
produced by increased dairy fat without affecting the increase in HDL
cholesterol (62). The calcium content of milk, and cheese in particular,
lowers postprandial triglycerides (63), which is an important risk
factor for CVD and a component of the metabolic syndrome. It has
been shown that increased calcium intakes from dairy products
(including milk and low-fat yogurt) attenuate postprandial lipidemia
(Figure 4), most probably because of reduced fat absorption,
whereas supplementary calcium carbonate does not exert such an
effect (63). This may be a result of differences in the chemical form
of calcium or to cofactors in dairy products.

Dairy products may have beneficial effects on other risk factors
for CVD, including BP. Diet is the strongest environmental factor
influencing BP. The Dietary Approaches to Stop Hypertension
trial showed that a dietary pattern abundant in fruit, vegetables,
and low-fat dairy products, in the context of a reduced intake of
total and saturated fat, can considerably reduce BP in both
normotensive and hypertensive individuals, without concomitant
weight loss (64). Notably, this diet, which includes dairy prod-
ucts, elicited a more pronounced BP-lowering effect than a diet
rich in fruit and vegetables alone. A subsequent systematic re-
view and meta-analysis examined the association between dairy
food intake during adulthood and the development of elevated BP
by using data from 5 cohort studies involving nearly 45,000
participants and 11,500 cases of elevated BP (65). The analysis
showed that the consumption of total dairy foods was associated
with a 13% reduction in the risk of elevated BP. This link
probably results from consumption of low-fat dairy foods, which
were associated with a 16% reduction in risk, whereas high-fat
dairy foods showed no association. The investigation of specific
categories of dairy foods showed that the consumption of fluid
dairy foods (including low-fat and full-fat milk and yogurt) was
associated with an 8% reduction in risk, whereas cheese con-
sumption did not produce significant results (65). These findings

FIGURE 3. Effects of a probiotic milk product on plasma cholesterol; differences in the changes in LDL cholesterol (intervention minus control; mmol/L)
with 95% CIs for 6 studies included in a meta-analysis are shown. Estimates of overall fixed and random effects are also shown. Reproduced with permission
from reference 54. Ref, reference.
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highlight the potential role of dairy products in prevention and/or
treatment of hypertension and support the current recommen-
dations for the consumption of 2–3 servings low-fat dairy
products/d (5).

Further studies have investigated the potential antihyper-
tensive effects of bioactive lactotripeptides found in fermented
milk and yogurt products. Several RCTs and meta-analyses
showed that some tripeptides derived from milk proteins, such
as iso-leucine-proline-proline and valine-proline-proline, de-
crease BP to a moderate extent through putative mechanisms
that may involve the inhibition of angiotensin-converting en-
zyme, the production of vasodilators, or an effect on sympa-
thetic nervous activity (66, 67). The effect is greater in Asian
subjects than in European subjects. Although a small effect on
BP was shown, predominantly systolic BP, the results suggested
that rather small daily dosing of lactotripeptides in fermented

dairy products may offer an option for the nonpharmacologic
treatment of prehypertension or mild hypertension as part of
lifestyle advice.

Milk-derived bioactive peptides exert several other important
health-promoting activities, aside from their antihypertensive
effect, including involvement in the regulation of insulinemia,
modulation of the lipid profile, and stimulation of the satiety
response, all of which may affect the prevention and treatment
of metabolic syndrome and its complications (68). Other
activities of bioactive peptides under investigation include
antimicrobial, antioxidative, immunomodulatory, and opioid-
and mineral-binding effects, which may be targeted to new
therapeutic solutions concerning carcinogenic intoxications,
treatment of diarrhea, reduction of intestine pathogens, and
supporting natural immune defense; and these are reviewed
elsewhere (69).

FIGURE 4. Effects of dietary or supplementary calcium intake on postprandial fat metabolism; the postprandial responses in mean plasma total and
chylomicron triacylglycerol and AUC in response to 4 test meals are shown. The 4 test meals were as follows: low (LC), medium (MC), and high (HC)
amounts of calcium from dairy products or high amounts from supplementary calcium carbonate (Suppl) (n = 17). The mean AUCs were adjusted for the
baseline concentration; bars represent 95% confidence limits. Values without a common lowercase letter are significantly different, P , 0.05. 1n = 16 because
of missing values. Reproduced with permission from reference 63.

1240S ASTRUP



CONCLUSIONS

The consumption of dairy products has been shown to have
a beneficial effect on risk factors that contribute to the metabolic
syndrome, including dyslipidemia, insulin resistance, BP, and
abdominal obesity, which together markedly increase the risk of
diabetes and CVD. Dairy products provide valuable nutrients,
including protein and calcium, and the consumption of dairy
products in observational studies, and to some extent in RCTs, is
associated with reduced risk of body fat gain and obesity as well
as CVD. Fermented milk products, particularly yogurt, may also
exert beneficial probiotic effects. Recent studies have questioned
the role of saturated fat, and both observational studies and meta-
analysis show that high-GI carbohydrates and n–6 PUFAs may
increase cardiovascular risk if they replace saturated fat. How-
ever, the effect of particular foods on CAD cannot be predicted
solely by their content of total SFAs because individual SFAs
have different effects on CAD risk, and major food sources of
SFAs contain other nutrients influencing CAD risk. Cheese is an
example. Dairy products such as cheese do not exert the nega-
tive effects on blood lipids as predicted solely by the content of
saturated fat. Calcium and other bioactive components may
modify the effects on LDL cholesterol and triglycerides. Thus,
the effect of diet on a single biomarker is insufficient evidence to
assess CAD risk; a combination of multiple biomarkers and epi-
demiologic evidence using clinical endpoints is needed to sub-
stantiate the effects of diet on CAD risk. Further research is needed
to clarify the role of SFAs compared with carbohydrates in CAD
risk and to compare specific foods to appropriate alternatives.
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Yogurt consumption and impact on health: focus on children and
cardiometabolic risk1–3

André Marette and Eliane Picard-Deland

ABSTRACT
An accumulating body of epidemiologic data, clinical trials, and
mechanistic studies suggests that yogurt consumption as part of
a healthy diet may be beneficial to cardiometabolic health. This brief
review focuses on children and adolescents, introducing new con-
cepts underlying the effect of yogurt consumption on body weight
maintenance and the prevention of cardiovascular diseases. Specific
properties of yogurt are discussed, which highlight that yogurt is an
easy-to-digest, nutrient-dense, and satiating food that contains high-
quality protein and specific amino acids. Moreover, the role of yogurt
as a modulator of the gut microbiota in infancy is explored. We also
propose the idea that the specific matrix of yogurt has bioavailability
and metabolic properties that can be exploited to increase the
functionality of this dairy product. Am J Clin Nutr 2014;99
(suppl):1243S–7S.

INTRODUCTION

The importance ofyogurtaspartofabalancedandhealthydiet is
recognized by regulatory authorities and scientific institutions in
most countries. Yogurt is defined by The Codex standard as the
product of milk fermentation by Lactobacillus delbrueckii sub-
species bulgaricus and Streptococcus thermophilus (1). The
unique properties of yogurt provided by its living bacteria and its
nutrients have captured the interest of the scientific community.
An accumulating body of epidemiologic and clinical evidence
suggests that yogurt consumption may act beneficially on weight
regulation andmetabolic risk factors (2–7). However, the effect of
dairy products per se and their components on cardiovascular risk
is an area of controversy (8). Childhood obesity is one of the most
critical public health challenges in the 21st century (9), and poor
eating patterns established in childhood may persist throughout
adulthood and are an important determinant of obesity and asso-
ciated diseases later in life (10). This brief review addresses
evidence and new research directions involving yogurt and car-
diometabolic health in this specific population.

YOGURT IS ACCESSIBLE AND HAS A HIGH NUTRIENT
DENSITY

Recent years have been marked by the appearance on the
market of an increasing number of yogurts with different tastes,
textures, and nutritional values targeting specific consumers,
including children. Palatability and accessibility are key factors
to be considered for optimizing the consumption of yogurt in
different countries. Moreover, the keen interest in yogurt con-

sumption is, at least in part, attributed to its high nutrient content.
According to a nutritional quality tool developed in US, plain
yogurt has been shown to have a good Nutrient Rich Food score
(Fulgoni et al, 2009). Furthermore, a cross-sectional study in
individuals participating in the Framingham Heart Study Off-
spring and Third Generation cohorts has reported that yogurt
consumers have a higher diet quality, as measured by the Dietary
Guidelines for Americans Index score, and greater intakes of
some nutrients, such as potassium, than do nonconsumers (5).

Yogurt contributes to diet quality in children by providing
substantial amounts of macronutrients (protein, a wide range of
fatty acids, lactose as the predominant carbohydrate) and essential
micronutrients (eg, calcium, potassium, zinc, phosphorus, mag-
nesium, vitamin A, riboflavin, vitamin B-5, vitamin B-12). The
proteins in yogurt, derived from milk proteins, are of excellent
digestibility and nutritional quality (12), and dairy products
contribute significantly to protein intake in children, providing
growth and maintenance of muscle mass. Moreover, it is recog-
nized that yogurt and dairy products are a rich source of calcium
(100 g of plain whole-milk yogurt =w10% of the Recommended
Dietary Allowance for calcium in children) and of phosphorus per
unit of energy compared with the average of other typical foods in
an adult diet (13). Calcium and phosphorus contribute to the
structural integrity and development of bones (14).

There is a growing body of evidence that the contribution of
yogurt consumption exerts beneficial effects beyond its impact on
healthy growth and development. Indeed, recent studies have shown
that some nutrients in yogurt and dairy products, such as proteins/
peptides, specific lipids, vitamin D, calcium, magnesium, and
potassium, or the combination of these, could have a beneficial
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effect on cardiometabolic risk factors (15, 16). For example, clinical
trials have investigated the effect of yogurt enriched with vitamin D
in individuals with type 2 diabetes and observed an improvement in
glycemic status (17, 18), lipid profile, and endothelial biomarkers
(18). Yogurt made from milk fortified with vitamin D contains
a significant amount of this fat-soluble vitamin. There are also
mechanistic studies that explain how yogurt’s nutrients may con-
tribute to a negative energy balance and the maintenance of
a healthy body weight. Weight-loss studies in low calcium con-
sumers have shown that low calcium intake is a risk factor for
overweight and obesity, and that this effect may be explained by
an increase in fat oxidation, facilitation of appetite control, and
fecal loss (19). Studies investigating the effect of calcium and
vitamin D intakes on cardiometabolic health are of particular in-
terest because several age groups within populations, including
children, do not reach the recommended levels of those nutrients
in the United States and other countries (20–22).

In the past few years, an increasing number of cohort studies
have emerged to evaluate the association between dairy product
intake and body weight and have yielded conflicting results.
Louie et al (23) performed a comprehensive literature search
of prospective cohort studies to examine the relation between
dairy consumption and overweight/obesity risk in adults and in
children and adolescents. Of the 10 studies in children and
adolescents (aged 2–14 y, follow-up 8 mo to 10 y), 3 found
a protective association,6 reported no significant association,
and 1 reported an increased risk. There was a higher proportion
of studies in adults showing a protective effect (5 of 9 studies).
The authors concluded that the evidence for a protective effect of
dairy consumption on risk of overweight and obesity is suggestive
but not consistent in adults and in children/adolescents.

Until now, few studies have assessed the specific effect of
yogurt consumption on weight variables and cardiovascular risk
in children and adolescents. Abreu et al (6) performed a cross-
sectional study in 903 Azorean adolescents and showed a pro-
tective association between $2 servings of milk and yogurt and
abdominal obesity in boys. Furthermore, the relation between
dairy intake and weight variables and cardiovascular disease risk
factors was evaluated recently in adolescents from 8 European
countries [Healthy Lifestyle in Europe by Nutrition in Adoles-
cence (HELENA) project]. Waist circumference and the sum of
skinfold thicknesses were inversely associated with the con-
sumption of yogurt and milk (and milk- and yogurt-based bev-
erages), and dairy consumption was inversely associated with
cardiovascular disease risk score in girls only (7).

Additional research and clinical trials are needed to better
understand the relation and the mechanisms between yogurt and
weight management and obesity-related diseases in youth. Dairy
products, such as yogurt, provide important nutrients to chil-
dren’s diet that could contribute to its potential beneficial effects
on weight management and cardiometabolic risk.

YOGURT PROVIDES HIGH-QUALITY PROTEIN AND
SPECIFIC AMINO ACIDS

Milk proteins include a casein fraction (w80%) and a soluble
protein fraction commonly named whey proteins (w20%). The
fermentation and proteolytic activity throughout the shelf-life of
yogurt generates bioactive peptides and amino acids (24, 25) with
potential healthbenefits (26).Whey is an inexpensive source of high

nutritional quality and, comparedwith other food proteins, contains
the highest concentration of the branched-chain amino acids
(BCAAs), especially L-leucine (27).Whey protein could affect both
short-term and long-term food intake regulation by providing sa-
tiety signals (27). Interestingly, it has been shown that leucine could
stimulate protein synthesis and preserve lean body mass during
weight-loss regimens (28).Moreover, studies have shown thatwhey
proteins and their bioactive components, such as lactalbumin,
angiotensin-converting enzyme inhibitor, and BCAAs, can
have muscle-sparing, hypolipidemic, and insulinotrophic ef-
fects (28, 29). However, conflicting results have been reported
concerning the effects of BCAAs in the regulation of insulin re-
sistance. Indeed, recent studies using metabolomic profiling have
suggested that elevation of circulating BCAAs concentrations
could predict the development of insulin resistance and type 2 di-
abetes in adults (30, 31). McCormack et al (32) reported in a cross-
sectional cohort that there are increased concentrations of BCAAs
already present in young obese children and that increased baseline
BCAA concentration is associated with later insulin resistance. In
contrast, it has been observed in animal models that increasing di-
etary leucine intake reduces diet-induced obesity and improves
glucose homeostasis (33, 34).One site for BCAA action is the
mammalian target of rapamycin (mTOR) and its downstream ki-
nase S6k1, which are kinases in the insulin signaling cascade (35).
Larger well-controlled trials are needed, especially in children, to
elucidate if the elevation ofBCAAscontributes to insulin resistance
or represents a biomarker of the physiologic perturbations driving
the development of insulin resistance in obesity.

YOGURT AS A MODULATOR OF GUT MICROBIOTA
AND METABOLISM

The intestinal microbiota is now recognized to be an important
factor in determining the health status of the host. Its composition
and activities are stable over time but may be modulated by
several factors including age and diet (36). It has been shown in
human infants that genetic and environmental factors determine
the characteristics of the microbial community (37).

There is increasing evidence that shows that the modulation of
the gut microbiota has an impact on energy storage, obesity, and
insulin resistance (38–40). Obesity has been associated with
phylum-level changes in the microbiota and alteration of rep-
resentation of bacterial genes and metabolic pathways (41).
Moreover, bacterial diversity of the human gut microbiome has
been shown to correlate with markers of obesity-related meta-
bolic disorders (42). There is evidence showing that the gut
microbiota differed between obese/overweight children and
children with a BMI within the normal range (43) or lean
children (44). Furthermore, it has been shown that aberrant
compositional development of the gut microbiota in children
may predict overweight (45).

The consumption of yogurt may ensure some changes to the
balance and metabolic activities of the indigenous microbiota as
shown by some authors (46, 47). Moreover, yogurt is a vector for
probiotics. Animal and human studies have shown that probiotics
could have a hypocholesterolemic effect and a potential beneficial
impact on body weight (48). However, there are few studies per-
formed in children and adolescents. Interestingly, it was observed
in a 10-y follow-up study that perinatal administration of Lacto-
bacillus rhamnosus GG inhibited excessive weight gain in
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children (49). Moreover, Safavi et al (50) observed beneficial ef-
fects of a synbiotic supplement including Lactobacillus spp. and
Bifidobacterium spp. onweightmanagement and cardiometabolic
risk factors in children and adolescents aged 6–18 y. The mech-
anisms bywhich probiotics can act onweightmanagement remain
to be clearly established but could involve interaction with the
resident bacteria in the gut, which may affect metabolic pathways
implicated in the regulation of fat metabolism (48).

More well-designed large clinical studies are required to
evaluate the effect of different probiotic strains on obesity and
cardiometabolic risk. There is also a need to identify microbiota-
related biomarkers to improve our understanding of the causal
relation between the gut microbiota and cardiometabolic dis-
eases. Noninvasive manipulation of gut microbiota composition
by specific foods such as yogurt and probiotics in infancy could
offer an interesting approach to manage childhood obesity and
related disorders.

YOGURT IS EASY TO DIGEST

Yogurt has also been reported to be easy to digest and to bring
essential nutrients to children with lactose intolerance and diarrhea.
As stated by the NIH, lactose-intolerant children should consume
yogurt and dairy products evenwhen havingmaldigestion or lactose
intolerance (51). Most individuals diagnosed with lactose in-
tolerance or lactosemaldigestion can tolerate up to 12 g of lactose in
a single dose with few or no symptoms and can tolerate even higher
amounts if intakes are spread throughout the day (20–24 g) (52).
Interestingly, a cause-and-effect relation has been established be-
tween the consumption of live yogurt cultures and improved lac-
tose digestion in individuals with lactose maldigestion (53). In
developing countries where the rate of malnutrition is high, yogurt
could also be particularly useful for the treatment of acute (54) and
persistent (55, 56) diarrhea in children.

YOGURT HAS A UNIQUE MATRIX THAT MAY HAVE
BIOAVAILABILITY AND METABOLIC PROPERTIES

Yogurt nutrients are part of a larger medium, a microstructure
produced by processing. Several factors influence the bioavailability

of nutrients in foods, such as the release of the nutrient from the food
matrix, interactions with other food components, and the chemical
state of the nutrient (57). For example, it has been shown that the
kinetics of the release of fatty acids from cheese during digestion are
mainly driven by the physical characteristics of the cheese (58). Few
studies have investigated the impact of the processing of yogurt and
its matrix on nutrient bioaccessibility and bioavailability. Data have
shown that components such as lactose and casein phosphopeptides
may increase calcium absorption and mineral retention (59).
Moreover, acidity found in yogurt as a result of the fermentation can
also influence the absorption of minerals. For example, intestinal
calcium uptake can be enhanced by the low pH of yogurt, which
ionizes calcium (60).

Other examples of matrix interactions in yogurt include the
association between bioactive peptides with nonpeptidic milk
components, such as oligosaccharides, glycolipids, and fats (61).
Whey proteins, phosphopeptides, vitamin B-12–binding protein,
b-lactoglobulin, a-lactalbumin, and lactoferrin can also interact
with minerals and vitamins to influence their absorption (12,
62). Multiple nutritional properties can explain the beneficial
effects of the matrix interaction on health in dairy products, and
particularly in fermented products such as yogurt (Figure 1).
Indeed, yogurt has a unique microstructure and texture, and
future research might discriminate between types of dairy
products and explore the synergy provided by the food matrix,
rather than simply evaluating each component of the food
individually.

YOGURT IS A TASTY AND SATIATING SNACK

Unhealthy snacking is frequent in children and teenagers, and
many of the available and commonly consumed snacks are
nutrient-poor, energy-dense items such as salty snacks and sugar-
sweetened beverages (63).Therefore, substituting those products
with nutrient-rich foods such as dairy products could have
a positive impact on childhood obesity (64). Moreover, as stated
in the American Heart Association’s scientific statement on
sugar and cardiovascular health, even when sugar is added to
otherwise nutrient-rich food, such as sugar-sweetened dairy

FIGURE 1. Proposed mechanisms by which yogurt consumption as part of a balanced diet exerts beneficial health effects.
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products like flavored milk and yogurt, the quality of childhood
and adolescent diet is improved. However, if sugars are con-
sumed in excess, deleterious effects may occur (65).

High-protein snacks and meals induce a greater reduction in
appetite than do isoenergetic high-fat or high-carbohydrate foods
(66, 67). Some of the more frequently consumed high-protein
snacks in the United States include dairy products, which usually
contain w10 g of protein/serving (63). The introduction of Greek
yogurt into the United States in 2008 may be considered a po-
tentially optimal snack option considering its higher protein
content compared with regular yogurt (20–24 g/serving) (68, 69).
Interestingly, a study performed in healthy women showed that
a 160-kcal afternoon Greek yogurt snack, containing 24 g protein,
led to reduced hunger, increased fullness, and delayed subsequent
eating compared with snacks containing lower protein amounts
(69). This result is in accordance with previous data showing that
yogurt has a superior effect on satiety compared with other foods,
beverages, and snacks (70, 71). Interestingly, Dougkas et al (72)
showed that yogurt has a greater effect on suppressing appetite
compared with milk or cheese but did not affect subsequent ad
libitum meal energy intake compared with other dairy products.

Furthermore, some studies have shown a potential industrial
opportunity to design satiating yogurt. For example, Lluch et al
(73) observed that low-fat yogurt enriched with protein and fiber
can significantly reduce short-term appetite compared with
a nonenriched low-fat yogurt. Cognitive and oral factors, post-
ingestive factors (eg, gastric emptying and intestinal absorption
rates), postprandial circulating amino acids, and endocrine fac-
tors (eg, ghrelin) may explain the effects of the test dairy products
on appetite in this study. Further studies are warranted to explain
the effect of yogurt and its micro- and macronutrients on satiety
and body weight regulation, considering factors such as eating
patterns, portion sizes, and the substitution of other foods or
beverages after the consumption of yogurt.

CONCLUSIONS

Yogurt is an accessible, easy-to-digest, and tasty food that
provides important nutrients to children and adolescents and thus
forms part of a balanced nutrient-rich diet during development
and growth. Recent studies have shown that yogurt consumption
may have a beneficial role on body weight regulation and car-
diovascular health. However, there is limited evidence in children
and adolescents. Dairy products are a source of high-quality
proteins, and more studies are needed to evaluate the health effect
of specific peptides and amino acids such as BCAAs in youth.
Furthermore, epidemiologic studies and clinical trials that con-
sider the interactions of yogurt nutrients and bacteria within the
food matrix are warranted to evaluate the effect of yogurt on the
modulation of the gut microbiota and the prevention of obesity
and cardiometabolic diseases.
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Yogurt, living cultures, and gut health1–3

Lorenzo Morelli

ABSTRACT
Bacteria used to ferment milk to obtain yogurt belong to thermophilic,
bile-sensitive species of lactic acid bacteria, which are not ideally
suited for survival into the human gut. However, assessing the viability
of these bacteria through the digestive tract may be relevant to evaluate

their potential to deliver some beneficial effects for the well-being of
the consumer. The well-known reduction in the symptoms caused by
lactose maldigestion is not the only benefit provided by yogurt starter

cultures; some additional effects will be reviewed here, with special
attention paid to data that may suggest a strain-dependent effect, fea-
tures that are not present with lactose hydrolysis. Am J Clin Nutr
2014;99(suppl):1248S–50S.

Traditionally, yogurt is considered to be a fermented dairy food
carrying viable bacteria with health-promoting effects. Lactobacillus
delbrueckii subspecies bulgaricus and Streptococcus thermophilus
have generally been used as starters for milk fermentation in yogurt
production [for a recent review, see Mohammadi et al (1)]. The
concentration of these organisms in the human or animal gas-
trointestinal tract has been poorly examined (2) in comparison
with that of other bacteria believed to be beneficial for human
well-being (3); it is noteworthy, however, that L. bulgaricus and
S. thermophilus are not included among the members of the
autochthonous microbiota of the human intestine. Although the
beneficial action of yogurt starter cultures on lactose maldiges-
tion (4) is not related to their survival and multiplication into the
human gut, and therefore shared by all members of the bacterial
species, some other positive actions seem to be strain specific in
a way that is very similar to those of other probiotic bacteria.

One of the most scientifically recognized health effects de-
livered by yogurt cultures is the reduction in symptoms caused by
lactose maldigestion, which requires the presence of viable cells
at ingestion but not during intestinal transit (4). This effect is
shared by all yogurt starter cultures and results from the presence
of the lactose-hydrolyzing enzyme in all strains of the used species
of lactic acid bacteria. This species-related trait is recognized at the
regulatory level by the FAO, WHO (5, 6), and the European Food
Safety Authority (EFSA) (7) and does not require survival and re-
production of the bacterial cells during intestinal transit.

On the other hand, the large majority of clinical studies involving
“probiotic” bacteria that show some effects on health have found
that benefits are related to the ability of beneficial bacteria to
survive and multiply in the gastrointestinal tract and to persist
at high amounts in the intestine (2). Moreover, the viability of
yogurt starter cultures in the human gut has rarely been assessed
in comparison with the full range of studies devoted to assessing
survival of probiotic bacteria intentionally added to food.

Studies reporting the fate of L. bulgaricus and S. thermophilus
in sections of the human gut show that survival in the upper part
of the gastrointestinal tract is low (ie, only 1% of the bacteria are
able to reach the duodenum) (8). The low survival rate of these
bacteria in the upper part of the gastrointestinal tract has led to
few studies being conducted in fecal samples of individuals
consuming yogurt. Results of the assessment of viability in
stools of L. bulgaricus and S. thermophilus ingested by humans
in yogurt are summarized in Table 1.

Garcı́a-Albiach et al (9) reported essentially negative results
and concluded that they were “consistently unable to detect
viable yogurt lactic acid bacteria in fecal samples after repeated
yogurt consumption by healthy volunteers.” They also noticed
a difference between results obtained at the DNA level when
fresh or pasteurized yogurt was consumed: “L. bulgaricus and/or
S. thermophilus DNA remains were detected by hybridization
assays in only 10% of volunteers who had ingested fresh yogurt.”
This study could suggest that yogurt cultures are unable to survive
intestinal transit and that heat treatment impairs the potential of
dead cells to remain intact during the transit. However, 2 addi-
tional studies (10, 11), in which the authors used less yogurt per
day but with a higher concentration of viable bacteria, reported
a different scenario: both trials detected L. bulgaricus cells in fecal
samples, whereas viable cocci were recovered only in the trial by
Mater et al (10). These results may be explained by the following:
1) the higher amount of ingested cells, 2) differences in the re-
covery/detection methods, or 3) differences in the used strains.

Puzzled by the third hypothesis, I searched the existing lit-
erature to verify if there are some indications for strain specificity
of certain beneficial actions possibly exerted by different strains
of yogurt cultures. Data produced by our laboratory have shown
a marked difference in the chromosomal arrangements, as de-
termined by pulsed field gel electrophoresis analysis (12), of
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several strains taxonomically identified as S. thermophilus. This
observation may also indicate a potential difference in the
phenotypic behavior. Two major outcomes resulted from this
search: one related to the action toward the immune system
exerted by an L. bulgaricus strain, and second, of the ability of
some yogurt cultures to enrich the vitamin content of yogurt,
both of which appear to be strain-dependent.

The action on the immune system is not really a new item in the
area of yogurt research, but the novelty of the series of studies
published by a Japanese group (13) is that they have shown both in
vitro and in vivo the immune modulation exerted by a specific
strain of L. bulgaricus, and also identified the bacterial component
responsible for this action. The L. bulgaricus strain OLL1073R-1
was shown to produce a capsular polysaccharide, which has a
marked effect on the immune system in mice (14, 15). This
specific strain was initially studied for its extracellular poly-
saccharide (16), formed by D-glucose, D-galactose, and phos-
phorus, but which was also shown to have potential for
stimulation of mouse splenocytes and a significant increase in
interferon-g production. When orally administered, the purified
polysaccharide augments the natural killer cell activity. Yogurt
produced by using L. bulgaricus OLL1073R-1 and fed to mice
showed a similar amount of immunomodulation as the purified
polysaccharide, but this action was not present in yogurt fer-
mented with a different strain of L. bulgaricus (15). One clinical
trial in humans showed that this strain was able to reduce the
incidence of the common cold in elderly people when adminis-
tered daily in yogurt (Table 2) (16).

An additional example of a beneficial action exerted by
yogurt cultures, which is not related to lactose digestion, is the
improvement of the vitamin B profile in adults (17, 18), with
special attention paid to young healthy women (17). A group of
nutritionists based in Vienna, Austria, conducted a study in
which volunteers consumed 100 g probiotic (n = 17) or con-
ventional (n = 16) yogurt daily for 2 wk and 200 g/d for an-
other 2 wk. Plasma and urine concentrations of thiamine,
riboflavin, and pyridoxine were determined. The main out-
come was that plasma concentrations of thiamine increased in
both groups (P , 0.01).

The same group published in 2001 (18) a similar article in
which the thiamine, riboflavin, and vitamin B-6 status of
healthy adults who consumed yogurt was not influenced by
bacterial flora of the examined yogurt; therefore, it seems
highly possible that vitamin production could be strain related,
and future genomic studies will be relevant (19) to select the
most actively producing vitamin cultures. It is possible to
conclude therefore that a new research line is open for sci-
entists: to assess and exploit the strain-specific beneficial
properties of traditional yogurt starter cultures.
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TABLE 1

Assessment of the survival rate of yogurt cultures in the human gut1

Authors, year

(ref)

Human

subjects

Yogurt

intake

Daily dose of

Streptococcus

Survival of

Streptococcus

Daily dose of

Lactobacillus

Survival of

Lactobacillus

Analytic technique

used

n g/d CFU/g feces CFU/g feces

Garcı́a-Albiach

et al, 2008 (9)

63 + 16 375 2 3 108 1.3 3 107 ,103 MRS/M17 plate counts + species-specific

primers + hybridization (positive 10%)

difference between heated and viable cells

Mater et al,

2005 (10)

13 125 8 3 1010 6.3 3 104

CFU/g feces

8 3 1010 7.2 3 104

CFU/g

M17-agar plates containing 1000 mg

streptomycin/mL and 100 mg

rifampicin/mL for selective recovery

of Streptococcus thermophilus

MRS-agar plates containing the same

antibiotic concentrations were used

for selective recovery of Lactobacillus

delbrueckii

Elli et al,

2006 (11)

20 250 5 3 109 None 6 3 109 Log of min 3 to

max 5.5 subjects

Specific selective media + species-specific

primers + strain-specific RAPD

1max, maximum; min, minimum; MRS, de Man, Rogosa and Sharpe; RAPD, rapid amplification of polymorphic DNA; ref, reference.

TABLE 2

Overview of results obtained in humans by using Lactobacillus bulgaricus1

Subjects Duration Outcomes Results

n = 113 aged 59–84 y;

median age = 74.5 y

12 wk Quality-of-life questionnaires, blood sampling

for immune variables, daily dairy consumption

Risk of common cold was 2.6 times as low

(OR: 0.39; P = 0.019) in the treated group

as in the placebo group. The increase in

natural killer cell activity was significantly

higher in the treated group.

1Data are from reference 13.
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Lactose digestion from yogurt: mechanism and relevance1–3

Dennis A Savaiano

ABSTRACT
Yogurt is traditionally consumed throughout the world among pop-
ulations who are seemingly unable to digest lactose. This review pro-
vides a historical overview of the studies that show lactose digestion
and tolerance from yogurt by lactose-intolerant people. The lactose
in yogurt is digested more efficiently than other dairy sources of lac-
tose because the bacteria inherent in yogurt assist with its digestion.
The bacterial lactase survives the acidic conditions of the stomach,
apparently being physically protected within the bacterial cells and
facilitated by the buffering capacity of yogurt. The increasing pH as
the yogurt enters the small intestine and a slower gastrointestinal transit
time allow the bacterial lactase to be active, digesting lactose from yo-
gurt sufficiently to prevent symptoms in lactose-intolerant people.
There is little difference in the lactase capability of different com-
mercial yogurts, because they apparently contain Lactobacillus
bulgaricus and Streptococcus thermophilus in sufficient quantities
(108 bacteria/mL). However, Lactobacillus acidophilus appears to
require cell membrane disruption to physically release the lactase.
Compared with unflavored yogurts, flavored yogurts appear to exhibit
somewhat reduced lactase activity but are still well tolerated.
Am J Clin Nutr 2014;99(suppl):1251S–5S.

INTRODUCTION

People with lactose intolerance experience gastrointestinal
symptoms when consuming milk or milk products because they
lack sufficient small intestinal lactase (b-galactosidase) activity to
adequately digest the milk sugar lactose (which comprises ga-
lactose and glucose linked by a b-galactoside bond). Undigested
lactose consequently enters the colon where it is fermented by the
resident microflora, resulting in symptoms including abdominal
pain, bloating, diarrhea, and flatulence. Lactase deficiency is
common in nonwhite adults, with a prevalence of 50–70% or
higher (1–3), because of a genetically programmed loss of lactase
after weaning.

Yogurt is produced by incubating concentrated milk with
Lactobacillus bulgaricus and Streptococcus thermophilus (4).
The bacteria ferment the milk, reducing the pH and creating the
tangy taste associated with yogurt. The lactose content of the
finished product is approximately similar to that of uncon-
centrated milk (4), although there may be small differences
(perhaps w5%) between products and brands according to
manufacturing processes. Traditionally, lactose-intolerant pop-
ulations have consumed yogurt without experiencing symptoms;
however, because yogurt contains lactose, this would appear to
be counterintuitive. This review provides an overview of the
studies that reported on how yogurt is well tolerated by people
with lactose intolerance.

EARLY WORK

It was suggested as early as 1974 that fermented dairy foods
would be beneficial for lactose intolerance, although, at the time,
this was hypothesized to be attributable to a low lactose content
(5). However, when natural (live culture) yogurt was fed to rats, they
absorbed galactose more efficiently and had greater intestinal lactase
activity than rats fed pasteurized yogurt or a simulated yogurt
formulation (6). Furthermore, the yogurt bacteria survived for 3 h
in the gastrointestinal tract of the rats, and the authors hypoth-
esized that the bacteria contributed to the hydrolysis of lactose
(6). These data from experimental animals suggested that there
was something more going on than a simple lactose dose effect.

The first human study followed in 1982, although it was not
designed to determine the mechanism. In contrast to low-fat milk,
a test drink of yogurt or acidophilus milk resulted in no symptoms in
lactose-intolerant individuals (1). The reduced lactose quantity in the
yogurt/fermentedmilk was implicated, because the dose of lactose in
the test drinks was greater in the low-fat milk (24.6 g) than in the
acidophilusmilk (18.1 g) or yogurt (11.4 g) (1). The author suggested that
lactase-containing microorganisms within the yogurt and fermented milk
could continue to be active in the intestinal tract, participating in
the hydrolysis of lactose (1). However, with the confounding
effect of dose it was not possible to establish the mechanism.

YOGURT LACTASE ACTIVITY

The dose question was settled with a controlled study that
showed that the lactose in yogurt is better digested than that in
milk, apparently as a result of its lactase activity (4). In this study,
the 10 participants were confirmed to be lactose-intolerant on the
basis of elevated breath-hydrogen concentrations after a lactose
challenge (4). This technique measures the hydrogen produced
when undigested lactose is fermented by the colonic microflora
from individuals who have low levels of gastrointestinal lactase
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activity. The subjects were given test drinks, each containing
similar lactose loads, which comprised lactose inwater (20 g lactose),
milk (18 g lactose), commercial unflavored yogurt (18 g lactose),
or lactulose (a nonabsorbable disaccharide, 10 g in water); and
breath-hydrogen concentration was measured for 8 h afterward
(4). The ingestion of 18 g of lactose in yogurt resulted in only
approximately one-third as much hydrogen excretion as a similar
load of lactose in milk or water, indicating a much better di-
gestion of lactose from yogurt (4). The breath-hydrogen curves
(Figure 1) showed a significantly smaller (P , 0.01) total AUC
for yogurt (mean 6 SE: 108 6 25 ppm/h) compared with milk
(293 6 33 ppm/h) or lactose solution (255 6 33 ppm/h), with
a smaller portion of yogurt (containing 11 g lactose) producing
only 72 6 22 ppm/h (4). The consumption of yogurt also re-
sulted in fewer symptoms than did a similar quantity of lactose
in milk or water, with diarrhea or flatulence reported by 20% of
participants after yogurt and 80% of participants after milk (4).
The lactase activity of duodenal contents was assessed indirectly
in 3 individuals, by measuring lactose disappearance and ga-
lactose appearance. It was negligible before the yogurt test, but
for at least 1 h afterward there was sufficient lactase activity to
digest 50–100% of the lactose in 4 h (4), supporting the findings
of the rat study (6). The measured lactase activity of yogurt
decreased faster than would be expected from the measured rate
of galactose appearance (4). This study suggested that the en-
hanced absorption of lactose in yogurt resulted from the intra-
intestinal digestion of lactose by yogurt-derived microbial
lactase, with the survival of yogurt-derived lactase in the duo-
denum. The role of lactase-digesting bacteria in yogurt was
further supported by findings that less breath hydrogen was
produced by lactose-intolerant individuals after consuming un-
heated yogurt than when the product had been heated (7, 8).

YOGURT LACTASE ACTIVITY IN THE INTESTINE

The pH varies widely along the length of the gastrointestinal
tract, being acidic (pH 1–2.5) in the stomach and increasing to
6.6 in the proximal small intestine and 7.5 in the terminal ileum
(9). This pH variability affects the in vivo lactase activity from

yogurt. At 48C and its final postfermented pH of 4, yogurt has
minimal lactase activity (4). However, incubation at a pH of 7
and 378C (and sonication) substantially increases its lactase
activity, to 25 U/g, an amount sufficient to hydrolyze 95% of the
lactose load in 4 h (4). Other studies have also documented pH
effects (10, 11). The lactase activity of yogurt also increases in
the presence of bile, as shown in vitro (7), perhaps by increasing
the cellular permeability to allow more substrate to enter the
bacterial cells (12). Thus, the activity of yogurt lactase is likely
to vary at different gastrointestinal sites and should show max-
imal activity at an approximately neutral pH 7; it is no surprise
then that lactase activity of duodenal contents was reported after
ingestion of yogurt (4).

However, yogurt has a buffering capacity, requiring nearly 3
times as much acid to change its pH from 4.1 to 2.0 than is
required to acidify milk (10). Gastrointestinal pH is influenced
by this buffering capacity, as evidenced by the gastric pH
remaining .2.7 for 3 h after ingestion of yogurt (10). This may
also partly explain how lactase survives passage through the
stomach; the integrity of the bacterial cell membrane may also
play a role. By using a more direct approach than in previous
studies (4), the lactase activity of duodenal contents was as-
sessed after yogurt consumption (11). The fresh, unflavored
yogurt contained w10 g of lactose, and specific strains of
L. bulgaricus and S. thermophilus (the “starter culture”), as well
as being tagged with polyethylene glycol (a nonabsorbable in-
ternal standard for lactose) and spores of a marker bacterium,
Bacillus stearothermophilus (an internal standard for bacteria,
because it only germinates at 658C). Lactose malabsorbers were
given the yogurt either fresh (n = 7) or heated (n = 3). In duo-
denal samples taken after fresh yogurt ingestion, viable starter
culture was detected for 60 min in 6 of 7 lactose malabsorbers,
with large numbers of L. bulgaricus and S. thermophilus sur-
viving passage through the stomach (11). The ratio of microbial
lactase activity to the marker bacterium remained stable,
showing that the enzyme is not degraded for at least 60 min after
yogurt ingestion, despite some of the bacteria losing their via-
bility (11). Yogurt ingestion affected duodenal pH, which de-
creased 15 min after ingestion and remained at ,5.1 throughout

FIGURE 1. Mean (6SE) changes in breath-hydrogen concentrations after ingestion of lactose, milk, yogurt, or lactulose (n = 10). The amount of breath
hydrogen expelled after ingestion of yogurt was one-third the amount expelled after ingestion of milk despite equivalent lactose loads. Reproduced with
permission from reference 4.
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(11). Whereas the in vitro lactase activity in yogurt was maximal
at a pH of 7, it decreased by 80% when the pH was ,5 (11).
Hence, lactase activity in the duodenum increased after the in-
gestion of fresh yogurt, then decreased as duodenal pH lowered
(Figure 2). Ratios of lactose to polyethylene glycol remained
similar to preingested values for 90 min, suggesting that lactase
could not hydrolyze the lactose (11). This study showed that
after fresh yogurt ingestion, viable starter culture reaches the
duodenum and contains lactase activity, confirming previous
findings (4). However, it also suggests that the buffering capacity
of the yogurt, which protects bacteria from the acidic gastric
environment, may have an inhibitory effect on microbial lactase
in the duodenum. The authors suggested that lactose digestion by
microbial lactase might be occurring in the jejunum or ileum of
the small intestine or (less likely) in the colon.

It was subsequently confirmed that.90% of the lactose in yogurt
is digested in the small intestine, aided by a slow gastrointestinal
transit time (13). This study, which collected ileal contents of lactase
malabsorbers, found that the orocecal transit time (determined

from breath-hydrogen measurements) of fermentable compo-
nents after the ingestion of yogurt (mean 6 SE: 165 6 17 min)
and heated yogurt (206 6 19 min) was significantly longer than
that with milk (1036 19 min; P, 0.01 for comparisons of milk
with yogurts, no significant difference between fresh and heated
yogurt) (13). Significantly less lactose was recovered from the
terminal ileum after yogurt (1740 6 260 mg) than after heated
yogurt (2825 6 461 mg; P , 0.05) (Figure 3), with approxi-
mately one-fifth of yogurt lactase activity reaching the terminal
ileum (13). This study showed that the small intestine is the site
of most microbial lactase activity. The delay in transit time with
yogurt compared with milk may be attributed to the difference in
formulation—for example, increased osmolality or the physical
thickening that occurs during fermentation (14). Together, these
studies (11, 13) confirm that yogurt microbial lactase is de-
tectable in the duodenum but is largely active in the distal small
intestine, with only a small amount of lactose entering the colon.

BACTERIAL LACTASE ACTIVITIES

Having identified that yogurt microbial lactases digest lactose
in the small intestine, the logical next question was “Are all
bacteria equal?” Most commercial yogurts containw108 bacteria/
mL, and strains may vary by product. Several bacterial strains and
doses were compared in lactose-intolerant individuals (15). Yogurt
(containing S. thermophilus and L. bulgaricus) and acidophilus
milk (containing Lactobacillus acidophilus) were prepared by
using commercially processed 2% low-fat milk, with 107 or 108

bacteria/mL. Lactose maldigestion was monitored by measuring
breath-hydrogen excretion at hourly intervals for 8 h after con-
sumption of each test drink containing w20 g of lactose. The
study found that, compared with the milk control (30.78 ppm
breath hydrogen), there was little difference between L. acid-
ophilus (either of the doses) or yogurt bacteria (107/mL), whereas
the standard dose of yogurt bacteria (108/mL) resulted in signifi-
cantly less hydrogen (9.81 ppm; P , 0.05) (15). This study
showed that a 10-fold reduction in the dose of yogurt bacteria
rendered their lactase activity ineffective and that the acidophilus
milk had no lactase activity. However, sonicating acidophilus milk
restores the lactase activity, presumably by releasing the enzyme
from the cells (16). In contrast, sonication of yogurt bacteria ap-
pears to render them susceptible to gastric acid, reducing their
lactase activity (10). It is possible that these differences may be
attributable to species- or strain-specific characteristics of the
bacteria/enzyme (eg, location of enzyme, cell structure).

Another study evaluated the ability of different strains and
species of bacteria to digest lactose in vivo, comparing yogurts
(containing mixtures of strains of Streptococcus salivarius subsp.
thermophilus and Lactobacillus delbrueckii subsp. bulgaricus)
and fermented milks (containing individual species of S.
thermophilus, L. bulgaricus, L. acidophilus, or Bifidobacte-
rium bifidus) that varied in lactase activity (14). All of the
yogurts had similar lactose content, and all of the yogurts
performed similarly in lactase-deficient individuals (Figure
4), regardless of their total or specific lactase activity and any
variation in cell counts (2.7–153 108/g product) (14). The response
to fermented milks was more varied (14). The results suggested that,
rather than total lactase activity or microbial cell count, another
factor (perhaps intracellular substrate transport) was the rate-
limiting factor in determining lactose hydrolysis from yogurt.

FIGURE 2. After fresh yogurt ingestion, duodenal lactase (b-galactosidase)
activity increases (A) before falling again with decreasing duodenal pH
(B). Values are means 6 SEs; n = 7. Reproduced with permission from
reference 11.
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EFFECT OF YOGURT CHARACTERISTICS ON LACTOSE
HYDROLYSIS

One factor that could influence the lactase activity of yogurt is
concurrent food intake. This was investigated by examining the
effect of consuming a meal with yogurt (17). Breath-hydrogen
expiration, incidence of symptoms, and enzyme and lactose content
of gastric aspirates indicated that concurrent food intake does not
inhibit, andmay slightly improve, lactose digestion from yogurt (17).

Whereas most studies have been conducted using plain (unfla-
vored) yogurt, measuring breath hydrogen after ingestion of flavored
yogurt shows that this may be associated with less lactase activity
(more malabsorption). In a study measuring breath-hydrogen pro-
duction in lactase-deficient individuals, unflavored yogurt caused
significantly less (37 ppm/h; P , 0.005) hydrogen production than
milk (185 ppm/h), whereas hydrogen production with flavored
yogurt was intermediate (77 ppm/h) (18). The plain and flavored
yogurts both contained significant lactase activities (18), so the in-
creased breath hydrogen may be a result of dilution of the yogurt
with the flavoring or sugar, an osmotic effect of the sugar in the
stomach, or possible end-product inhibition by glucose. However, the
subjects had no symptoms after consuming the flavored yogurt (18).

It is possible that there is an influence of shelf life on the lactase
activity of yogurt. Whereas most research suggests that all yogurts
are effective, there are exceptions. For example, a study that used
commercial products off the shelf found considerable differences
between them (19). Eight lactose-malabsorbing individuals were
challenged with 3 different brands of yogurt (Borden, Dannon, and
Royal Maid), each of which contained 20 g lactose (19). Breath-
hydrogen measurements were significantly higher for Borden, both
in terms of total ppm and peak ppm, although there was no relation
with symptoms (19). The authors implicated their small sample size
for the observed mild symptoms but suggested that other factors
may be involved, including temperature changes during trans-
portation of the products frommanufacturer to retailer (19). It is not
currently known if yogurts that sit on the shelf for a longer time have
diminished lactase activity.

LONG-TERM BENEFITS

Evidence suggests that colonic adaptation to lactose con-
sumption may occur over days to weeks in lactose maldigesters
(20, 21), although there may also be a placebo effect (22).

FIGURE 3. Mean (6SE) lactose flow rate through the ileum after ingestion of fresh yogurt or heated yogurt (n = 8 lactose-deficient subjects). Reproduced
with permission from reference 13.

FIGURE 4. Mean (6SE) changes in concentration of breath hydrogen after ingestion of enriched whole milk or yogurts containing various strains of ST
and LB or Yoplait strains (n = 7 lactase-deficient subjects). Reproduced with permission from reference 14. LB, Lactobacillus delbrueckii subsp. bulgaricus;
ST, Streptococcus salivarius subsp. thermophilus.

1254S SAVAIANO



Adaptation was apparent in a double-blind study that repeatedly
provided yogurt (either fresh or heat-treated) to lactose mal-
absorbers for 15 d and measured breath hydrogen on days 1 and
15 (23). Whereas breath-hydrogen production was minimal and
similar on days 1 and 15 for fresh yogurt, the response was
improved for heated yogurt after 15 d of consumption (23). This
suggests that regular consumption of small doses of lactose might
be part of the management strategy for people with lactose in-
tolerance, and that the benefit of yogurt consumption is main-
tained with regular consumption.

CONCLUSIONS

Autodigestion of lactose by yogurt bacteria improves its ab-
sorption, compared with other dairy products, in lactase-deficient
people. Yogurt with sufficient numbers of S. thermophilus and
L. bulgaricus (as is the case in most commercial yogurts) is very
well tolerated by lactose maldigesters, because it is effectively
analogous to taking an enzyme supplement with a dairy food.

Editorial assistance was provided by Chill Pill Media LLP, which was con-

tracted and funded by the Danone Institute International.

DAS received financial reimbursement for travel expenses and an honorarium

from the Danone Institute International for his participation in the conference.

DAS is a member of the Yogurt Advisory Board for The Dannon Company.

REFERENCES
1. Alm L. Effect of fermentation on lactose, glucose, and galactose

content in milk and suitability of fermented milk products for lactose
intolerant individuals. J Dairy Sci 1982;65:346–52.

2. Savaiano DA, Levitt MD. Milk intolerance and microbe-containing
dairy foods. J Dairy Sci 1987;70:397–406.

3. Wilt TJ, Shaukat A, Shamliyan T, Taylor BC, MacDonald R, Tacklind
J, Rutks I, Schwarzenberg SJ, Kane RL, Levitt M. Lactose intolerance
and health. Evid Rep Technol Assess (Full Rep) 2010;192:1–410.

4. Kolars JC, Levitt MD, Aouji M, Savaiano DA. Yogurt—an autodi-
gesting source of lactose. N Engl J Med 1984;310:1–3.

5. Gallagher CR, Molleson AL, Caldwell JH. Lactose intolerance and
fermented dairy products. J Am Diet Assoc 1974;65:418–9.

6. Goodenough ER, Kleyn DH. Influence of viable yogurt microflora on
digestion of lactose by the rat. J Dairy Sci 1976;59:601–6.

7. Gilliland SE, Kim HS. Effect of viable starter culture bacteria in yogurt
on lactose utilization in humans. J Dairy Sci 1984;67:1–6.

8. Savaiano DA, AbouElAnouar A, Smith DE, Levitt MD. Lactose mal-
absorption from yogurt, pasteurized yogurt, sweet acidophilus milk,

and cultured milk in lactase-deficient individuals. Am J Clin Nutr
1984;40:1219–23.

9. Evans DF, Pye G, Bramley R, Clark AG, Dyson TJ, Hardcastle JD.
Measurement of gastrointestinal pH profiles in normal ambulant human
subjects. Gut 1988;29:1035–41.

10. Martini MC, Bollweg GL, Levitt MD, Savaiano DA. Lactose digestion
by yogurt beta-galactosidase: influence of pH and microbial cell in-
tegrity. Am J Clin Nutr 1987;45:432–6.

11. Pochart P, Dewit O, Desjeux JF, Bourlioux P. Viable starter culture,
beta-galactosidase activity, and lactose in duodenum after yogurt
ingestion in lactase-deficient humans. Am J Clin Nutr 1989;49:
828–31.

12. Noh DO, Gilliland SE. Influence of bile on beta-galactosidase activity
of component species of yogurt starter cultures. J Dairy Sci 1994;77:
3532–7.

13. Marteau P, Flourie B, Pochart P, Chastang C, Desjeux JF, Rambaud JC.
Effect of the microbial lactase (EC 3.2.1.23) activity in yoghurt on the
intestinal absorption of lactose: an in vivo study in lactase-deficient
humans. Br J Nutr 1990;64:71–9.

14. Martini MC, Lerebours EC, Lin WJ, Harlander SK, Berrada NM,
Antoine JM, Savaiano DA. Strains and species of lactic acid bacteria in
fermented milks (yogurts): effect on in vivo lactose digestion. Am J
Clin Nutr 1991;54:1041–6.

15. Lin MY, Savaiano D, Harlander S. Influence of nonfermented dairy
products containing bacterial starter cultures on lactose maldigestion in
humans. J Dairy Sci 1991;74:87–95.

16. McDonough FE, Hitchins AD, Wong NP, Wells P, Bodwell CE.
Modification of sweet acidophilus milk to improve utilization by lactose-
intolerant persons. Am J Clin Nutr 1987;45:570–4.

17. Martini MC, Kukielka D, Savaiano DA. Lactose digestion from yogurt:
influence of a meal and additional lactose. Am J Clin Nutr 1991;53:
1253–8.

18. Martini MC, Smith DE, Savaiano DA. Lactose digestion from flavored
and frozen yogurts, ice milk, and ice cream by lactase-deficient per-
sons. Am J Clin Nutr 1987;46:636–40.

19. Wytock DH, DiPalma JA. All yogurts are not created equal. Am J Clin
Nutr 1988;47:454–7.

20. Johnson AO, Semenya JG, Buchowski MS, Enwonwu CO, Scrimshaw
NS. Adaptation of lactose maldigesters to continued milk intakes. Am J
Clin Nutr 1993;58:879–81.

21. Hertzler SR, Savaiano DA. Colonic adaptation to daily lactose feeding
in lactose maldigesters reduces lactose intolerance. Am J Clin Nutr
1996;64:232–6.

22. Briet F, Pochart P, Marteau P, Flourie B, Arrigoni E, Rambaud JC.
Improved clinical tolerance to chronic lactose ingestion in subjects
with lactose intolerance: a placebo effect? Gut 1997;41:632–5.
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Dairy products, yogurts, and bone health1–3

René Rizzoli

ABSTRACT
Fracture risk is determined by bone mass, geometry, and microstruc-
ture, which result from peak bone mass (the amount attained at the
end of pubertal growth) and from the amount of bone lost subse-
quently. Nutritional intakes are an important environmental factor
that influence both bone mass accumulation during childhood and
adolescence and bone loss that occurs in later life. Bone growth
is influenced by dietary intake, particularly of calcium and protein.
Adequate dietary calcium and protein are essential to achieve opti-
mal peak bone mass during skeletal growth and to prevent bone loss
in the elderly. Dairy products are rich in nutrients that are essential
for good bone health, including calcium, protein, vitamin D, potas-
sium, phosphorus, and other micronutrients and macronutrients.
Studies supporting the beneficial effects of milk or dairy products
on bone health show a significant inverse association between dairy
food intake and bone turnover markers and a positive association
with bone mineral content. Fortified dairy products induce more fa-
vorable changes in biochemical indexes of bone metabolism than
does calcium supplementation alone. The associations between
the consumption of dairy products and the risk of hip fracture are
less well established, although yogurt intake shows a weakly positive
protective trend for hip fracture. By consuming 3 servings of dairy
products per day, the recommended daily intakes of nutrients essen-
tial for good bone health may be readily achieved. Dairy products
could therefore improve bone health and reduce the risk of fractures
in later life. Am J Clin Nutr 2014;99(suppl):1256S–62S.

INTRODUCTION

Bone growth begins with the development of the skeleton
during fetal life and continues until the end of the second decade
of life when the maturation process is complete and peak bone
mass is achieved. In adult life, bone mineral mass is determined
by the amount of bone accumulated at the end of skeletal growth
(peak bonemass) and by the amount of bone lost subsequently. At
any given age, the key determinants of fracture risk, bone mineral
mass, and bone structure result from the difference between the
amounts of bone gained and lost (1, 2).

Whereas bone mineral mass gain during childhood and ado-
lescence is influenced by many factors, the major determinants of
peak bone mass and strength are genetic (accounting for 60–80%
of the variance). The remaining factors may be amenable to
positive intervention, including nutrition, particularly the intake
of calcium and protein, physical activity, and exposure to a va-
riety of risk factors (1, 2).

The role of calcium intake in influencing bone mineral mass is
well recognized (3). An adequate calcium intake increases bone
mineral density (BMD)4 during skeletal growth and prevents bone

loss and osteoporotic fractures in the elderly (1). The greatest
amount of dietary calcium is obtained from milk and dairy foods,
which also provide the human diet with vitamin D (when dairy
products are fortified), protein, phosphorus, potassium, and other
macro- and micro-nutrients important for bone health (3).

CALCIUM AND PROTEIN AS MAJOR CONSTITUENTS
OF DAIRY PRODUCTS

Dairy products may represent the best dietary sources of
calcium because of the high content, high absorptive rate, and
relatively low cost (4). Moreover, dairy products provide more
protein, calcium, magnesium, potassium, zinc, and phosphorus
per calorie than any other food (Table 1) (3, 6). For example, 250
mg of calcium may be obtained from a 200-mL glass of milk,
a 180-g serving of yogurt, or 30 g of hard cheese. The con-
sumption of 3–4 dairy servings/d would allow one to reach the
Recommended Daily Intake (RDI) of calcium (7). Whereas a
single dairy serving can deliver 250 mg of calcium, to attain an
equivalent amount from other dietary sources would require 5–6
servings of vegetables (dark-green leafy vegetables or legumes) or
10–12 servings of whole-grain or refined-grain foods (8). Thus,
dairy products are an efficient source of bone nutrients. Dairy
products may represent up to 52–65% of the RDI of cal-
cium and 20–28% of the protein requirement (9–13).

EFFECT OF CALCIUM ON BONE GROWTH

The advantages of dairy consumption to bone health are
important during growth. The supplementation of pregnant
mothers with calcium and other micronutrients is associated with
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increased skeletal growth and bone mass/density in the offspring.
In one study, children born to women who had a higher frequency
of intake of calcium-rich foods during pregnancy (milk, milk
products, pulses, nonvegetarian foods, green leafy vegetables,
and fruit) had higher total and spine bone mineral content (BMC)
and BMD at the age of 6 y (14). In a further study, dietary patterns
consistent with advice for healthy eating during pregnancy (high
in fruit, vegetables, pasta, yogurt, cheese) were associated with
greater bone size and BMD in the offspring at 9 y of age (15).

The beneficial effects of calcium and dairy products on bone
mineral mass during growth have been confirmed from meta-
analyses of numerous clinical studies on calcium supplementa-
tion and increased dietary dairy products in children (16, 17). A
positive effect of calcium supplementation was shown on total
body BMC and upper limb BMD with daily doses of calcium
ranging between 300 and 1200 mg/d in children aged 3–18 y
(16). Increased intakes of dietary calcium/dairy products were
associated with increases in total-body and lumbar spine BMC
in children with low baseline intakes (17). In studies of calcium
supplementation for .12 mo, calcium-enriched foods signifi-
cantly increased bone mass accrual in prepubertal girls and boys
(18, 19), and the effect was maintained for 1–3 y after discon-
tinuation of calcium supplementation (19, 20).

Recommended Dietary Allowances (RDAs) of calcium pro-
vided by the Institute of Medicine for the North American pop-
ulation range from 700 to 1300 mg/d, depending on age [eg, 1000
mg/d for 4- to 8-y-olds and 1300 mg/d for 9- to 18-y-olds (21)].

Recommendations are not consistent worldwide, and in the
European Union the current RDI for calcium is 800 mg/d (22).
Nonetheless, calcium intakes do not meet RDIs in many countries.
In the United States, mean calcium intake was lowest among
teenage girls, at w900 mg/d (23). Among European girls, the
mean calcium intake varied between 600 mg/d in Italy and 1250
mg/d in Finland (24). In France, where the RDI for calcium is
1200 mg/d for adolescents, 63–73% of girls aged 11–17 y
consumed less than two-thirds of the RDI (25).

EFFECT OF PROTEIN ON BONE GROWTH

Dietary protein provides the body with the necessary amino
acids for building the bone matrix. In addition, dietary protein
stimulates the osteotropic hormone insulin-like growth factor I
(IGF-I), which is important for bone formation (26). Protein
intake in children and adolescents influences bone growth and
bone mass accumulation. In well-nourished children and ado-
lescents it appears that variations in protein intake within the
“normal” range (w0.8–1.5 g $ kg body weight21 $ d21) can

affect skeletal growth and thereby modulate the genetic potential
for peak bone mass attainment (2, 27). Spontaneous protein
intake correlates positively with BMD and BMC as measured in
prepubertal boys (11). In a prospective longitudinal study in
healthy boys and girls aged 6–18 y, dietary intakes were re-
corded over 4 y by using yearly administration of 3-d dietary
diaries (28). Bone mass and size were measured at the radius
diaphysis by peripheral computerized tomography, and a signif-
icant positive association was found between long-term protein
intake and periosteal circumferences, cortical area, BMC, and
a calculated strength strain index. The mean protein intake was
relatively high atw2 kg $ kg body weight21 $ d21 in prepubertal
children and w1.5 kg $ kg body weight21 $ d21 in pubertal in-
dividuals. Overall protein intake accounted for 3–4% of the var-
iance in bone variables. In this study, no association was found
with the intake of calcium or sulfur-containing amino acids (28).

EFFECTS OF DAIRY PRODUCTS ON BONE GROWTH

As well as calcium, phosphorus, and vitamins, 1 L of milk
provides w32–35 g of protein, mostly casein, but also whey
proteins, which contain growth-promoting elements (2). In
growing children, long-term milk avoidance is associated with
smaller stature and lower bone mineral mass. Low milk intake
during childhood and/or adolescence increases the risk of frac-
ture before puberty. In children who had avoided drinking cow
milk for prolonged periods, fracture risk was 2.7-fold higher
than in a matched birth cohort (29, 30).

The earliest controlled studies of milk intervention were con-
ducted in British schoolchildren in the 1920s (31, 32). The con-
sumption of 400–600 mL milk/d had a positive effect on height
gain over a 7-mo period. Since then, numerous observational
studies (Table 2) and randomized controlled trials (Table 3) have
shown a favorable influence of dairy products on bone health
during childhood and adolescence.

In one intervention trial, the effect of milk supplementation on
total-body bone mineral acquisition in adolescent girls was
evaluated. The intervention group who received 1 pint/d of milk
(whole or reduced fat) for 18 mo had significantly greater in-
creases of areal BMD/BMC and significantly higher concen-
trations of serum IGF-I than the control group (39). In another
study in girls aged 10–12 y who had low dietary calcium intake
at inclusion, increasing dietary calcium intake by consuming
cheese was more beneficial for cortical bone mineral mass ac-
crual than calcium supplementation in tablet form for the same
calcium intake (1000 mg/d) (41). The largest randomized con-
trolled intervention trial with dairy products was conducted in

TABLE 1

Bone nutrient content per 100 g of selected dairy foods1

Dairy food (food code) Calcium Potassium Phosphorus Protein

mg mg mg g

Milk, full-fat 3.7% (01078) 119 151 93 3.3

Milk, skimmed (01151) 122 156 101 3.4

Yogurt, plain low-fat (01117) 183 234 144 5.3

Yogurt, fruit low-fat (01122) 169 216 133 4.9

Cheddar cheese (01009) 721 98 512 24.9

Cottage cheese, nonfat (01014) 86 137 190 10.3

Ice cream, soft-serve, chocolate (01236) 131 177 116 4.1

1Data are from the USDA National Nutrient Database for Standard Reference, release 26 (5).
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10-y-old Chinese girls. Significantly higher gains in height, body
weight, BMC, and areal BMD were observed in the groups re-
ceiving milk on school days for 2 y (330 mL milk/d fortified with
calcium with or without vitamin D supplementation) compared
with the control group (42). Consequently, in the Dietary Guide-
lines for Americans, the USDA recommends daily milk intakes
of 480 mL/d among children aged 2–8 y and 730 mL milk or
equivalent dairy products/d among children aged .9 y (7).

PROTEINS AND BONE AND MUSCLE DURING AGING

Dietary protein clearly has a role in bone health, and protein is a
modifiablefactorinosteoporosisprevention.Proteinundernutrition
is frequently seen in the elderly and contributes to the development
of osteoporosis. In an elderly population, studies have reported
a positive relation between protein intake and leanmass andBMD.
Whereas theRDAfor protein is 0.8 g/kg bodyweight for adults (6),
mean protein intake to reach a neutral nitrogen balance in elderly
hospitalized patientswas found to bew1.066 0.28g $ kg21 $ d21,
ie higher than recommendations for healthy elderly people (48). In
another study, median dietary protein intake of 1.1 g/kg body
weight among elderly individuals was associated with a higher
level of maintenance of lean mass over 3 y of follow-up compared
with lower dietary protein intakes (49). Studies in younger women
have shown that the consumption of high-quality dairy protein
after resistance exercise supportsmuscle anabolism (50, 51).Milk/
dairy consumption after resistance exercise has been shown to
positively affect body composition in women by promoting losses
in fat, gains ormaintenance of leanmass, and preservation of bone.
In addition, importantly for bone health, resistance exercise plus
dairy products improved BMD at clinically important sites and
reduced bone resorption (50, 51).

Approximately 2% (1–8%) of the variance in BMD/BMC
may be explained by dietary protein intake. A small positive
effect of protein supplementation on lumbar spine BMD has
been found in randomized placebo-controlled trials (52). There
is some evidence for an effect of dietary protein intake on bone
fracture risk. In an observational study conducted over 3 y,
representing more than 100,000 person-years, hip fracture risk
was inversely associated with protein intake (53, 54). A study
conducted in elderly patients with recent hip fracture showed
that protein supplementation was associated with increased se-
rum concentrations of IGF-I, reduction in proximal femur BMD
loss, and shorter stay in rehabilitation hospitals (55).

ROLE OF IGF-I AND AMINO ACIDS PRESENT IN DAIRY
PRODUCTS AS REGULATORS

A number of controlled intervention trials havebeen conducted
in adults testing the effects of dairy product consumption (milk,
cheese, fortifieddairy) onmarkers ofboneactivity (Table4). IGF-I
is an essential factor for longitudinal bone growth. IGF-I can also
exert anabolic effects on bone mass during adulthood. The con-
sumption of a vitamin D and calcium-fortified soft cheese by
healthy postmenopausal women increased protein intake, reduced
the serum concentration of bone resorption biomarkers [tartrate-
resistant acid phosphatase isoform 5b (TRAP5b) and cross-linked
teleopeptide of type 1 collagen (CTX)], and increased serum IGF-
I, which is compatible with a nutrition-induced reduction in
postmenopausal bone turnover rate (59). Similar findings were
found in studies in elderly women (58, 66).T
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Intakes of aromatic amino acids, which are particularly
prevalent in dairy foods, increase IGF-I and stimulate the in-
testinal absorption of calcium (67). Serum IGF-I concentrations
are increased with protein supplementation in elderly frail in-
dividuals, which is accelerated by the addition of zinc supple-
mentation (68). Furthermore, in women with a recent hip
fracture, protein supplementation achieves peak increases in IGF-
I concentration after only 7 d of treatment (69).

DAIRY PRODUCTS AND BONE HEALTH

Observational studies and controlled trials show a significantly
positive association between dairy food intake, bone turnover
markers, and BMC or BMD (Table 3) (51, 59, 62, 65). The

application of an intervention approach combining nutrition, ed-
ucation, and consumption of fortified dairy products for 12 mo in-
duced more favorable changes in biochemical indexes of bone
metabolism, such as increased IGF-I, than did calcium supple-
mentation alone among postmenopausal women. The dairy in-
tervention group had greater improvements in pelvis, total-spine,
and total-body BMD than did both the calcium supplementation
and control groups (64, 70).

BMD or BMC is a surrogate marker for bone strength, whereas
the incidence of fracture is the key functional outcome measure.
Data on the relation between dairy food intake and fracture
risk are limited, and this relation requires further studies. The
associations between dairy product consumption, BMD, and
hip fracture risk were examined in a 12-y follow-up of the

TABLE 3

Effect of dairy products on bone mineral mass accrual: results from randomized clinical trials in adolescents1

First author, year

(reference) Subjects Age Sex Duration Type of dairy Skeletal site2

Difference between

intervention and

control groups

n y mo %

Cadogan, 1997 (39) 82 12 F 18 Milk (568 mL) Whole-body 2.9

Chan, 1995 (40) 48 11 F 12 Dairy Spine/whole-body 9.9/6.6

Cheng, 2005 (41) 195 11 F 24 Cheese (= 1000 mg Ca) Tibia shaft 4.4

Du, 2004 (42) 757 10 F 24 Milk (330 mL) Whole-body 4.2

Gibbons, 2004 (43) 154 8–10 F/M 18 Fortified dairy drink Whole-body/hip/spine NSD

Ho, 2005 (44) 199 14–16 F 12 Fortified soy drink (375 mL) Spine/hip NSD

Lau, 2004 (45) 344 10 F/M 18 Milk powder (= 650 mg Ca) Spine/hip 1.4/1.1

Merrilees, 2000 (46) 91 16 F 24 Milk (= 1160 mg Ca) Spine/femoral neck/trochanter 1.5/4.8/4.8

Zhu, 2005 (47) 606 10 F 24 Milk (330 mL) Metacarpal cortical thickness,

periosteal diameter

5.7/1.2

1BMC, bone mineral content; BMD, bone mineral density; NSD, no significant difference.
2BMC and BMD were assessed by X-ray, dual-energy X-ray absorptiometry, or peripheral quantitative computed tomography.

TABLE 4

Effect of dairy products on bone turnover markers and bone mass: data from controlled intervention trials in adults1

First author, year

(reference) Subjects Age Sex Duration Type of dairy Outcome

n y mo

Adolphi, 2009 (56) 85 58.7 6 0.32 F 0.5 Fortified fermented milk (175 mL) Reduction in nocturnal

deoxypyridinoline excretion

Bonjour, 2008 (57) 30 59.3 6 0.3 F 1.5 Milk Reduction in PTH, CTX, PINP,

osteocalcin

Bonjour, 2009 (58) 37 84.8 6 8.1 F 1 Skimmed soft cheese, 2 servings/d Reduction in PTH, CTX, TRAP 5b;

increase in IGF-I, 25(OH)D

Bonjour, 2012 (59) 71 56.6 6 3.0 F 1.5 Skimmed soft cheese, 2 servings (100 g)/d Reduction in PTH, CTX, TRAP 5b;

increase in IGF-I

Bonjour, 2013 (60) 89 85.5 F 2 Either vitamin D– and calcium-fortified

yogurt (2 3 125 g/d) (vitamin D 10 mg/d

and calcium 800 mg/d) or nonfortified control

yogurt providing calcium of 280 mg/d

Reduction in PTH, CTX, TRAP 5b

Josse, 2010 (51) 20 22.4 6 2.4 F 3 Milk (2 3 500 mL/d) Reduction in PTH, CTX

Kruger, 2006 (61) 82 20–35 F 4 Fortified milk Reduction in CTX

Kruger, 2010 (62) 1898 .55 F 4 Fortified milk Reduction in PTH, CTX, PINP,

osteocalcin

Kruger, 2012 (63) 63 .55 F 3 Fortified milk Reduction in CTX

Manios, 2007 (64) 101 60.5 6 0.7 F 12 Fortified milk and yogurt, 3 servings/d Reduction in PTH, CTX; increase

in BMD

Thorpe, 2008 (65) 130 45.6 6 8.9 F/M 12 High-protein dairy Attenuated bone loss

1BMD, bone mineral density; CTX, cross-linked teleopeptide of type 1 collagen; IGF-I, insulin-like growth factor I; PINP, procollagen type I

N-propeptide; PTH, parathyroid hormone; TRAP 5b, tartrate-resistant acid phosphatase isoform 5b; 25(OH)D, 25-hydroxyvitamin D.
2Mean 6 SD (all such values).
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Framingham Offspring Study. Intake of dairy products was re-
lated with hip but not spine BMD, whereas yogurt intake was as-
sociated with hip (trochanter) BMD alone. Yogurt intake showed a
weakly positive protective trend for hip fracture, whereas no other
dairy groups showed a significant association (71).

SPECIFIC ROLES AND POTENTIAL MECHANISMS OF
ACTION OF FERMENTED PRODUCTS

The processing of milk, particularly cheese production, was an
important development in early agriculture, which can be dated
back to the sixth millennium BC in northern Europe (72). Milk
processing allows for the preservation of milk in a nonperishable
form, which is more easily digested because of the reduced
lactose content.

The large intestine possesses an efficacious vitamin D–de-
pendent calcium absorptive capacity, although dietary calcium is
generally in a poorly absorbable form when it reaches the large
intestine (73). Various dietary sugars are known to stimulate
intestinal calcium absorption by a mechanism that is still poorly
understood. Of those, lactitol has a positive effect on the ab-
sorption of calcium in the large intestine and on the retention of
calcium in the body, as shown in animal models, possibly by
reducing the pH of the large intestine content, thereby making
calcium more readily absorbable (74). In a small study in 12
postmenopausal women, lactulose consumption (5 or 10 g/d)
was shown to increase calcium absorption in a dose-response
manner (75).

Prebiotic agents, such as galactooligosaccharides, have been
shown to increase calcium absorption in postmenopausal women
(76). Adolescence is a time of rapid growth, which represents an
opportunity to influence peak bone mass. In male adolescents, the
consumption of 15 g oligofructose/d was shown to stimulate
fractional calcium absorption (77). Among healthy adolescent
girls aged 10–13 y who consumed smoothie drinks twice daily
with 0, 2–5, or 5 g galactooligosaccharides for 3-wk periods,
improvements in fractional calcium absorption were seen with
both 5- and 10-g/d doses of galactooligosaccharides compared
with the control (0.444, 0.419, and 0.393, respectively), al-
though a dose-response relation was not observed. The increase
in absorption was greatest after 24 h, consistent with lower gut
absorption (78). Whether a small increase in fractional calcium
absorption with galactooligosaccharide supplementation results
in a biologically significant increment in bone mineral accrual
leading to higher peak bone mass in the long term remains to
be shown. Preclinical studies have shown that dietary gal-
actooligosaccharide supplementation improves mineral absorp-
tion and bone properties in growing rats through gut fermentation
(79). Dietary galactooligosaccharide supplementation increased
femur 45Ca uptake, calcium retention, femur and tibia breaking
strength, distal femur total and trabecular volumetric BMD, and
area and proximal tibia volumetric BMD in the rats (P , 0.02)
(79). However, there is currently no direct evidence in humans to
show that the observed increase in intestinal calcium absorption
through gut-enhanced absorptive activity translates to a significant
inhibition of bone resorption and either increased bone accumu-
lation during growth or reduced bone loss in adulthood.

Other studies are investigating how probiotic bacterial strains
affect the human gut microbiota and host. Fecal bifidobacteria
were shown to increase with galactooligosaccharide treatment,

which suggests that calcium absorption may be mediated by
the gut microbiota, specifically by bifidobacteria (78, 80). Pre-
liminary studies have investigated the effect of fermented milk
products (FMPs) on the human gut microbiome in adult mono-
zygotic female twins, although the changes in microbiome
expression observed in gnotobiotic mice fed the same FMP
bacterial species were not observed in the human study (81).
Future studies may elucidate the direct effects of consuming
yogurts and foods containing bacterial species with potential
health benefits on the gut microbiomes of various human
populations, and consequently on various aspects of human
health.

COST-EFFECTIVENESS OF DAIRY PRODUCTS

The economic impact of improving dairy product consumption
has been estimated in some models (82, 83). By increasing the
intake of dairy foods to the recommended 3–4 servings/d, a re-
duction of at least 20% in osteoporosis-related health care costs
could be achieved in the United States, translating to savings of
$3.5 billion/y (82). The potential economic impact of increased
dairy consumption on osteoporotic fractures has been quanti-
fied for selected European countries, such as the Netherlands,
France, and Sweden (83). The potential savings on the cost of
treating hip fractures exceeded the costs of extra dairy foods in
all 3 countries: daily costs of additional dairy products, derived
from local market prices, were small and were calculated at
€0.44, €0.64, and €0.68 for the Netherlands, France, and
Sweden, respectively. The total potential savings on the costs of
treating hip fractures were large:w€129 million for France, €34
million for Sweden, and €6 million for the Netherlands (83).

CONCLUSIONS

At all ages, calcium and protein play a key role in bone health,
with particular emphasis on the phase of bone growth during
childhood and adolescence and in the preservation of bone
strength and prevention of osteoporosis in the elderly. Milk and
dairy products are an optimal source of calcium as well as other
nutrients (eg, potassium and magnesium) with important effects
on bone health. Increasing daily calcium and protein intake with
dairy products has the potential to improve and sustain bone
health and to protect against fractures during childhood, ado-
lescence, and later in life. A significant positive association
between dairy food intake and bone turnover markers, BMC,
and BMD has been shown in clinical studies. Data on the re-
lation between dairy food intake and fracture risk are limited,
and this relation requires further studies. The specific actions of
FMPs are under investigation and have yielded some interesting
results to date; the elucidation of the mechanisms involved may
lead to a greater understanding of the health benefits of dairy
products.
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Yogurt: role in healthy and active aging1–4

Naglaa Hani El-Abbadi, Maria Carlota Dao, and Simin Nikbin Meydani

ABSTRACT
Yogurt consumption has been associated with health benefits in dif-
ferent populations. Limited information, however, is available on
nutritional and health attributes of yogurt in older adults. Yogurt
is abundant in calcium, zinc, B vitamins, and probiotics; it is a good
source of protein; and it may be supplemented with vitamin D and
additional probiotics associated with positive health outcomes. Ag-
ing is accompanied by a wide array of nutritional deficiencies and
health complications associated with under- and overnutrition,
including musculoskeletal impairment, immunosenescence, cardi-
ometabolic diseases, and cognitive impairment. Furthermore,
yogurt is accessible and convenient to consume by the older pop-
ulation, which makes yogurt consumption a feasible approach to
enhance older adults’ nutritional status. A limited number of stud-
ies have specifically addressed the impact of yogurt on the nutri-
tional and health status of older adults, and most are observational.
However, those reported thus far and reviewed here are encouraging
and suggest that yogurt could play a role in improving the nutritional
status and health of older adults. In addition, these reports support
further investigation into the role of yogurt in healthy and active
aging. Am J Clin Nutr 2014;99(suppl):1263S–70S.

INTRODUCTION

Yogurt is a nutrient-dense probiotic food, with unique prop-
erties that enhance the bioavailability of some of these nutrients
and potentially enhancing health. These properties make it worth
exploring whether yogurt may be particularly well suited to
ameliorate some of the most common nutritional deficits, and
their related health risks, in the elderly. So far, few studies have
evaluated the effect of yogurt on health outcomes in the elderly. In
this review, we summarize the existing evidence and identify gaps
in our knowledge that need to be addressed by well-designed
studies. Studies of yogurt supplementation in the elderly are
compiled in Table 1.

NUTRITIONAL VALUE OF YOGURT

Yogurt and diet quality in the elderly

An evaluation of dietary intake showed that yogurt con-
sumption is associated with greater adherence to healthy dietary
guidelines, as assessed by the Dietary Guidelines for Americans
2005 (1). Those consuming an average of 2.3 servings yogurt/
wk were more likely than nonconsumers to eat more healthy
foods, including fruit, vegetables, nuts, fish, and whole grains,
and had a smaller proportion of their energy intake from pro-
cessed meat, refined grains, and beer (2). Results further showed

that yogurt consumers have significantly reduced prevalence of
nutrient deficiencies for riboflavin, vitamin B-12, calcium,
magnesium, and zinc (2).

Many factors contribute to malnutrition in the elderly, in-
cluding chronic and infectious disease, decrease in physical
activity and metabolic rate, physical disability, difficulty chewing
and ingesting food, polypharmacy, limited income, and decrease
in mobility. In addition to the rich nutritional composition of
yogurt and its potential effects on health, there are benefits that
make it feasible for the elderly to increase yogurt intake. Yogurt
has a relatively long shelf-life, and there are no obstacles in
consumption for individuals with chewing difficulty. Lactose
intolerance, which is prevalent in the older population, is not an
issue with yogurt, in contrast to other dairy products. Therefore,
increasing yogurt consumption by older adults could represent
a convenient and economical strategy to enhance their intake of
key macronutrients and micronutrients for this age group.

Consumption and type

Yogurt can be commercially produced with substantial variety
in composition, flavors, and additives. These include whole-milk,
low-fat, or nonfat forms; plain or flavored; inclusion of fruit;
addition of natural or artificial sweeteners; and occasional sup-
plementation with vitamin D. Flavored fermented dairy products
cannot exceed 50% (by mass) of nondairy additives such as fruit
or sweeteners (3). Yogurt consumption accounts for as much as
32% of dairy intake in Europe, with a range of consumption in
different European countries, yet accounts for only 5% in the
United States (2). As reported in the National Nutrient Database
for Standard Reference (NDBsr26)5, among the 1000 most

1 From the Jean Mayer USDA Human Nutrition Research Center on Aging

at Tufts University, Boston, MA.
2 Presented at the satellite symposium “First Global Summit on the Health

Effects of Yogurt,” held in Boston, MA, at ASN’s Scientific Sessions at Exper-

imentalBiology2013, 24April 2013.The conferencewasorganizedby theASN,

the Nutrition Society, Danone Institute International, and the Dairy Research

Institute. The supplement scientific guest editors were SharonMDonovan, Uni-

versity of Illinois,Urbana, IL, andRaananShamir, SchneiderChildren’sMedical

Center and Tel Aviv University, Israel.
3 Sources of grant support for NHE-A, MCD, and SNM include USDA

agreements 58-1950-0-014.
4 Address correspondence to SN Meydani, Jean Mayer USDA Human

Nutrition Research Center on Aging at Tufts University, 711 Washington

Street, Boston, MA 02111. E-mail: simin.meydani@tufts.edu.
5 Abbreviations used: BMD, bone mineral density; CVD, cardiovascular

disease; LAB, lactic acid bacteria; NDBsr26, National Nutrient Database for

Standard Reference version 26; NK, natural killer.
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commonly consumed foods in the United States are low-fat
yogurt, plain or with fruit, or plain whole-milk yogurt. They
range in protein content from 3.5 to 5.3 g and in caloric energy
from 61 to 105 kcal/100-g serving (14). There is also an in-
creasing popularity of strained yogurt, more commonly known
as Greek yogurt or labneh, where straining the fermented milk
after coagulation removes the liquid whey as well as some of the
lactose, creating a richer consistency (15), and which is required
to contain at least 5.6% protein compared with the minimum of
2.7% for unstrained yogurt (3). Forms of Greek yogurts refer-
enced in the NDBsr26 within a similar range of caloric energy as
unstrained yogurt contain these higher protein amounts (ie, 10.2
and 7.5 g for plain or with fruit, respectively, per 100-g serving)
(14). Historically, yogurt was strained to decrease its water
content and to help delay spoilage, and this condensed form of
yogurt is a traditional component of Mediterranean, Middle
Eastern, and South Asian cuisines (15).

The nutritional characteristics of yogurt are comparable to the
milk from which it was produced, although usually in higher
concentration, and certain nutrients are affect by factors such as
bacterial strains, heat exposure during the fermentation process,
and extra ingredients added (16).

Probiotics

As defined by the 2003 Codex Standard for Fermented Milks,
yogurt must contain viable, live, and abundant cultures of the lactic
acid bacteria (LAB) Lactobacillus bulgaricus and Streptococcus
thermophiles species at a minimum concentration of 107 CFU/g at
the time of manufacture (3, 17, 18). It may also be supplemented
with additional bacteria that contribute desirable factors (19), and
these labeled microorganisms should be present at $106 CFU/g
(3). To qualify for the seal of “live and active culture yogurt” by
the National Yogurt Association, amounts of L. bulgaricus and S.
thermophiles at the point of manufacture must be $108/g (16).
Yogurt is considered a probiotic food by virtue of the live mi-
croorganisms it contains, which clinical studies have shown to
confer various health benefits with consumption (17, 19). It is
important, therefore, to consider not only the type of bacterial
strains but also the concentrations of live yogurt bacteria at in-
gestion, and how much remains viable in the ileum and duodenum.

Minerals

Yogurt is a rich source of dietary minerals, and the NDBsr26
reports that a 100-g serving of plain low-fat yogurt includes
amounts of calcium at 183mg, magnesium at 17mg, potassium at
234 mg, phosphorous at 144 mg, and zinc at 0.9 mg (14). The
concentrations of these minerals are higher in yogurt compared
with milk by nearly 50% (2). Furthermore, fermentation with
LAB to create yogurt results in an acidic environment that can
enhance the bioavailability of these minerals. The lower pH
maintains calcium and magnesium in their ionic forms, poten-
tially allowing for their greater absorption in the intestine and
increasing amounts of soluble zinc bound to ligands that can
facilitate transportation across the intestinal wall, which results in
enhanced absorption of zinc (16, 20). However, the effect of
higher luminal pH on enhancing the status of calcium and
magnesium from yogurt needs to be determined in vivo.

Vitamins

Yogurt is also a good source of B vitamins: a 100-g serving of
plain low-fat yogurt contains riboflavin, niacin, vitamin B-6, and
vitamin B-12 at amounts of 0.21, 0.11, 0.05, and 0.56 mg, re-
spectively (14). However, fermentation, pasteurization, and other
production processes can negatively affect the vitamin content.
For Greek-style yogurt, the process of straining can lead to the
loss of certain micronutrients, particularly the water-soluble
vitamins (15). The choice of bacterial strain can further influence
vitamin integrity, because some LAB consume B vitamins for
growth, whereas others can synthesize them. Commercial pro-
cesses therefore combine different bacterial strains to mitigate
issues of vitamin depletion, with some combinations aimed at
restoring or amplifying the amounts of these vitamins in the final
yogurt product (16).

Protein

Yogurt is an excellent source of essential amino acids of high
biological quality and generally contains a higher protein content
than milk. Furthermore, the proteolytic activity of bacterial
cultures in yogurt enables some predigestion of milk proteins,
resulting in greater amounts of free amino acids that allow for
better protein digestibility (16).

HEALTH RISKS AND NUTRITIONAL DEFICIENCIES IN
THE ELDERLY THAT COULD BE ADDRESSED WITH
YOGURT CONSUMPTION

Musculoskeletal

Bone health and aging

With aging there is a decrease in bone density and an increased
requirement for vitamin D and calcium. The physiologic changes
leading to poor bone health include decreased calcium absorp-
tion, along with increased bone loss and bone remodeling
throughout the life span (21). Vitamin D deficiency is common in
the elderly because of the age-related decrease in cutaneous
vitamin D3 production, poor nutrition, and lifestyle factors such
as prolonged periods spent indoors (22). This, together with an
equally large prevalence of calcium deficiency and low protein
consumption in the elderly, are significant factors for poor bone
health, leading to a higher risk of osteoporosis, muscle weak-
ening, falls, and fractures. Several studies have shown that vi-
tamin D and calcium supplementation have positive effects on
bone health, including reduction in falls and fractures and en-
hanced muscle performance (21, 23, 24). This seems to be the
case, especially when focusing on populations that are vitamin D
deficient (25). Previous evidence has shown that higher con-
sumption of dairy products, which are rich in calcium, may
protect adults against bone loss (26). However, it has not yet
been fully established whether calcium supplementation may
lead to this effect in the absence of vitamin D supplementation.

Muscle health and aging

The decline in muscle mass that accompanies aging, termed
sarcopenia, is exacerbated by poor nutrition (27). It has been
suggested that, although long-term trials are still needed, a slight
short-term increase in protein intake in older individuals may
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lead to enhanced bone and muscle health without affecting renal
function (28).

Potential benefits of yogurt on musculoskeletal health

Yogurt may be an important source of protein and calcium in
the elderly that could potentially lead to enhancement in bone and
muscle health. An assessment of dairy product consumption and
its relation with bone mineral density (BMD) of the hip (at the
femoral neck and trochanter) and spine, as well as with incidence
of hip fracture, was conducted by Sahni et al (18) among par-
ticipants in the Framingham Offspring Study. For BMD analysis
(n = 2506), it was found that participants in the high-yogurt-
consumption group of .4 servings/wk had greater BMD in all
bone sites compared with nonconsumers, although the increase
was only significant at the trochanter (0.809 6 0.009 compared
with 0.787 6 0.003 g/cm2; P = 0.05), and not significant for
femoral neck or spine BMD [0.933 6 0.009 compared with
0.914 6 0.003 g/cm2 (P = 0.32) and 1.242 6 0.016 compared
with 1.225 6 0.005 g/cm2 (P = 0.27), respectively]. A decrease
of 1 SD in femoral neck BMD has previously been shown to be
associated with an w40% increase in risk of osteoporotic hip
fracture (19); however, the difference in hip fracture risk seen in
this study in yogurt consumers compared with nonconsumers
was not significant (P-trend = 0.10) (7).

Yogurt extract has also been found to protect against de-
mineralization and even enhance remineralization of tooth enamel
invitro (5). In a randomized, double-blind, controlled intervention
in which elderly nursing home residents consumed either yogurt
fortified with calcium (800 mg/d) and vitamin D3 (10 mg/d) or
a nonfortified yogurt control (280 mg calcium/d) for w2 mo, it
was found that the group consuming the fortified yogurt experi-
enced a significant reduction in parathyroid hormone and bone
resorption markers compared with the control group (4). Similarly,
a crossover study in which postmenopausal women consumed ei-
ther fruit-flavored yogurt or a fruit-flavored jelled snack for 7–11
d showed that there was a significant reduction in N-telopeptide
(NTx), a urinary marker of bone resorption, after yogurt con-
sumption compared with after consumption of the jelled snack (6).
Lower amounts of bone resorption indicate a more positive bone
balance and reflect the potential for better bone health (30). More
long-term studies are needed to evaluate the effect of yogurt con-
sumption on bone and muscle health of both community-dwelling
and institutionalized elderly individuals. In addition, the optimal
nutritional composition of yogurt for enhancement of bone health
must be established.

Obesity

The nutritional composition of yogurt, as well as an estab-
lished correlation between yogurt consumption and increased
diet quality (2), may be used to address not only nutritional
deficiencies but also weight maintenance in the elderly. The loss
of lean muscle tissue and concomitant reduction in muscle
function and mobility that are associated with aging lead to
a greater proportion of body fat mass, which can result in
a tendency toward becoming overweight or obese. Epidemiologic
studies indicate that dairy products, and in particular yogurt, may
have the potential to reduce the risk of obesity. Lifestyle and
dietary factors were assessed for their association with long-term
weight gain in w120,000 male and female participants from the

Nurses’ Health Studies and the Health Professionals Follow-Up
Study over a period of 12–20 y (31). The authors found that
average weight gain across all cohorts was 1.52 kg per 4-y pe-
riod (95% CI: 21.86, 5.62 kg). However, a significant inverse
association was observed between long-term weight gain and
higher consumption of certain foods, where an increase in the
number of servings per day was associated with less weight gain
for yogurt (20.37 kg), nuts (20.26 kg), fruit (20.22 kg), whole
grains (20.17 kg), and vegetables (20.10 kg) per 4-y period
(P , 0.01; adjusted for age, baseline BMI at each 4-y period,
sleep duration, changes in physical activity, alcohol use, tele-
vision watching, smoking, and dietary factors). The authors
postulated that increased consumption of these foods displaced
intake of other foods that may be higher in calories and fat and
have lower fiber content but stated that the effect of yogurt could
be related to altered gut bacteria as well as other weight-related
behavior that was not captured in the study (31). In an analysis
conducted on the cross-sectional relation between dairy con-
sumption and metabolic outcomes in data from the NHANES,
yogurt was associated with fewer metabolic disorders. Specifi-
cally, in men and women, yogurt consumption was inversely
related to BMI, waist circumference, systolic blood pressure,
and fasting glucose. In women, yogurt consumption was also
related to higher HDL cholesterol (32). In a study to assess the
cross-sectional association of yogurt with diet quality and met-
abolic profile in w6500 participants in the Framingham Off-
spring Study, Wang et al (2) found that yogurt consumers, on
average, exhibited significantly improved metabolic variables,
including lower BMI and blood pressure, reduced concentra-
tions of triglycerides, fasting glucose, and insulin and greater
HDL cholesterol compared with nonconsumers, after adjustment
for demographic and lifestyle factors that included diet quality.

Evidence from randomized controlled trials in overweight and
obese individuals further indicates that dietary calcium, partic-
ularly when sourced from dairy, can promote weight and fat loss
(33). In a 12-wk isocaloric, energy-restricted dietary intervention
that included 400–500 mg calcium supplementation/d, partici-
pants in the experimental and control groups (n = 34; aged
18–50 y) were prescribed diets established on the basis of energy
needs that included adjustment for activity level records and
matched for macronutrient proportions, and which were sub-
sequently monitored weekly by diet records and measures of
compliance. The experimental group consumed 3 daily 6-ounce
servings of yogurt and showed significantly greater weight re-
duction than did controls exposed to caloric restriction and 0–1
daily servings of an alternative dairy product (6.63 6 0.6
compared with 4.99 6 0.5 kg, respectively; P , 0.01), although
the control group consumed fewer calories than did the yogurt
group, at an average 1303 6 190 kcal/d compared with 1437 6
190 kcal/d, respectively. The yogurt group also experienced
a significantly higher proportion of abdominal fat loss (yogurt
compared with control: 24.43 6 0.47 compared with 22.75 6
0.73 kg; P , 0.005) and less loss of lean body mass (yogurt
compared with control: 21351 6 156 compared with 21968 6
212 g; P , 0.05). There was a significant increase in circulating
glycerol (representing amplified lipolysis) and a reduction in
waist circumference among the yogurt group. The participants
were not blinded to treatment, and data on tobacco use and
physical activity were collected but not reported, although the
authors stated that baseline levels were maintained throughout
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the study (33). To our knowledge, no studies have focused on the
effect of yogurt on obesity in the elderly.

Inflammatory and cardiometabolic diseases

A review published by Labonté et al (34) on effects of dairy
products on inflammatory biomarkers in randomized controlled
trials of a nutritional intervention in overweight or obese adults
showed conflicting results, with 4 of the 8 studies showing im-
provement in inflammatory biomarkers with dairy consumption.
However, most of the reviewed studies failed to address yogurt
consumption individually. The only one to do so found that
yogurt-enriched diets resulted in reduced C-reactive protein and
increased adiponectin concentrations compared with controls
(33, 34).

Although there are a substantial number of studies that have
sought to characterize the relation between dairy products and
various long-term health outcomes, few have examined yogurt
individually. Nevertheless, those that provided direct analysis of
yogurt have generally shown that yogurt is associated with
a reduced risk of chronic diseases. Margolis et al (9) found that
higher yogurt consumption is linked to a lower risk of diabetes in
postmenopausal women. In this prospective cohort study in
82,076 postmenopausal women, aged 50–79 y, from the
Women’s Health Initiative it was found that there was a signifi-
cant inverse relation between low-fat dairy food consumption
and the risk of developing type 2 diabetes, with an RR of w0.7
(P-trend , 0.0001, after adjustment for age, race, and total
energy intake, and with the trend remaining significant after
adjustment for additional variables) in the highest quintiles of
consumption compared with the lowest quintile. A similar yet
weaker trend was observed for total dairy product consumption
that included high-fat dairy products, but the association was
lost when high-fat dairy foods were examined separately. Al-
though median yogurt consumption was generally low in this
population, at 0.5 servings/wk, and 38% of participants reported
seldom or never eating yogurt, an increased frequency of yogurt
intake was associated with a significantly reduced risk of de-
veloping type 2 diabetes. Women with the most frequent yogurt
consumption ($2 servings/wk) had the lowest risk of de-
veloping type 2 diabetes (RR: 0.52; P , 0.0001, after adjust-
ment for age, race, and total energy intake, and with the trend
remaining significant after adjustment for additional variables)
compared with those who consumed yogurt less than once per
month. Some effect modification by BMI was also observed,
because consuming more low-fat dairy foods offered additional
protection against diabetes risk among women with a higher
BMI compared with leaner women and helped mitigate some of
the additional risk of diabetes seen in study participants who
were obese. This study suggests that dairy consumption, par-
ticularly of low-fat dairy foods and specifically yogurt, may be
protective against diabetes in an older population of women,
particularly among those who are overweight or obese. Results
from the Swedish prospective cohort study in Malmö showed
a significant inverse relation between fermented dairy products
(yogurt and cultured sour cream) and cardiovascular disease
(CVD) in adults aged 44–74 y (10). Higher consumption of
fermented milk was associated with lower homeostatic model
assessment (HOMA) index (P-trend = 0.005), and cheese
consumption was associated with higher HDL cholesterol

(P-trend = 0.002), whereas consumption of other types of dairy
products was positively associated with cardiovascular risk
factors. There was a significantly lower risk of CVD for in-
dividuals in the highest quintiles of consumption of dairy foods
compared with those with low consumption [12% decreased risk
of CVD (95% CI: 0%, 22%) for the highest quintile; P-trend =
0.04], in particular for those with a high consumption of fer-
mented milk products [15% decreased risk of CVD (95% CI:
5%, 24%); P-trend = 0.003]. This reduction in CVD risk re-
mained significant after several covariates, including age, race,
energy intake, and physical activity, were adjusted for.

In the Italian cohort of the European Prospective Investigation
into Cancer and Nutrition (EPIC), dietary intake of yogurt was
related to decreased colorectal cancer risk in men and women
(35). In a study to evaluate the relation between dairy product
consumption and risk of cardiovascular and all-cause related
deaths in the Netherlands Cohort Study, fermented milk products
were found to have a modest but significant inverse relation with
all-cause mortality among men (RRcontinuous: 0.91; 95% CI: 0.86,
0.97 per 100 mL/d) and women (RRcontinuous: 0.92; 95% CI:
0.85, 1.00 per 100 mL/d) within the 10-y follow-up period.
Posteriori analysis of yogurt consumption showed that 61% of
male study participants consumed yogurt, at an average 66 mL
yogurt/d, and 75% of female study participants consumed yo-
gurt, at an average 71 mL yogurt/d. A slight inverse association
with mortality was observed among men (P-trend =0.039;
RRcontinuous: 0.96; 95% CI: 0.92, 1.00 per 100 mL/d), although
no association was found among women (RRcontinuous: 1.00;
95% CI: 0.95, 1.05 per 100 mL/d) (8). Although the mechanism
of inverse relation between yogurt and all-cause mortality is not
known, several publications recently have shown the gut mi-
crobiota to play a role in determining the risk of several chronic
and metabolic diseases (6). Thus, yogurt’s live bacterial content
might provide one possible explanation for the reported asso-
ciation between yogurt and lower risk of all-cause mortality
reported here.

Immunosenescence

Dysregulation of inflammatory and immune responses occurs
with aging, resulting in chronic low-grade inflammation and
immunosenescence that puts the elderly at greater risk of in-
fection and development of metabolic and chronic diseases such
as type 2 diabetes, CVD, and certain cancers (11, 37). The
immune system undergoes several changes throughout the life
span that increase the risk of impairment against external and
internal dangers in the host. Several reviews have described these
changes in depth. Briefly, there is impairment in T cell–mediated
immunity, alterations in cytokine production, impaired innate
immunity, limited antibody production, a decrease in the per-
centage of naive cells, and an increase in the percentage of
memory cells with impaired response (38–40). Initiating and
maintaining an appropriate immune response to pathogenic
challenge are also influenced by nutritional status. Protein-energy
malnutrition and/or insufficient concentrations of essential
micronutrients can impair immune function (41, 42). Lesourd
and Mazari (43) observed that among apparently healthy elderly
even slight reductions in serum albumin below the normal range
of 35–40 g/L indicated diminished nutritional state and were as-
sociated with increased age-related alterations in T cell subsets
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and function and decreased lymphocyte proliferation. Among
undernourished elderly individuals, protein-energy malnutrition
and deficiencies in zinc, vitamin B-6, and folate are linked to
impaired immune response, at least some of which were ame-
liorated with supplementation of these nutrients (43).

Several diseasesaremorelikelytooccur intheelderlybecauseof
immunosenescence. Pneumonia is especially prevalent among
nursinghomeandfrail elderlypopulations, and it is associatedwith
low zinc status (44, 45). Vulnerability to tuberculosis, HIV/AIDS,
herpes zoster, urinary tract infections, and gastrointestinal in-
fections also increase with aging. Infectious diseases are both
associatedwith andmaybe exacerbated bynutritional deficiencies
that can impair cell-mediated and humoral immunologic function
(41). The intestinal flora is also affected by aging, partly as a result
from changes in diet, reduced intestinal motility, excessive and, in
some cases, chronic use of antibiotics, changes in gastrointestinal
architecture, and impairment of gut immunity. Furthermore, the
numbers and diversity of protective bacteria species decline with
age (46). In recent years, a group in Irelandhas been characterizing
the gut microbiota of elderly Irish individuals through the creation
of the ELDERMET project. A high prevalence of Clostridium
perfingens (commonly found in fecal samples in elderly and
hospitalized patients, especially in individuals in long-term resi-
dential care) was inversely correlated with Bifidobacterium spe-
cies (47). These results show that hospitalized elderly subjects
may have unhealthy intestinal microflora and suggest a potential
benefit for foods supplemented with probiotics.

Yogurt consumption may enhance immune response, thereby
reducing infectious disease risk. The components of yogurt that
may be involved in enhancing immunity include zinc, vitamin B-6,
protein, and bacteria. Evidence supporting this comes from either
human and animal studies showing that deficiencies of these vi-
tamins lead to immune impairment or supplementation studies
showing immune enhancement. For example, zinc supplementa-
tion of zinc-deficient nursing home elderly individuals led to
enhancement in lymphocyte proliferation (48). In addition, zinc
deficiency, which is highly prevalent in frail elderly individuals,
was associated with risk of pneumonia (45, 49). The potential of
yogurt in simultaneously providing these nutrients and enhancing
immune response warrants further investigation. Probiotic con-
sumption has been associated with enhancement of innate im-
munity (50), reduction in duration and severity of respiratory
infection (51), and enhancement of gut-associated immunity (52).

There are few studies, however, on the effect of yogurt on
immunity in humans, and even fewer studies in elderly pop-
ulations. Double-blind randomized controlled trials of adequate
size are needed to determine the effect of yogurt on relevant
markers of the immune response and related clinical outcomes,
such as incidence of infection and the underlying mechanisms. A
study conducted by Schiffrin et al (12) in healthy elderly in-
dividuals determined the effect of yogurt with probiotics on gut
health, measured as intestinal permeability to macromolecules,
innate immunity, and changes in plasma endotoxin concentra-
tions. They compared a group of healthy elderly individuals with
hypochlorhydria, measured as low or negative hydrogen in
breath, with a group with positive hydrogen breath test mea-
surements. In both groups, there was a decrease in plasma en-
dotoxin concentrations and leukocyte phagocytosis and an
increase in monocyte and neutrophil activity measured through
ex vivo assays.

Makino et al (11) showed that daily consumption of yogurt
with live culture may lead to resistance to respiratory infection,
specifically colds, in the elderly. They conducted 2 independent
studies in healthy elderly individuals in which a group consuming
yogurt daily was compared with a group consuming milk daily
for 8 or 12 wk. They showed a significantly lower risk of de-
veloping colds in the elderly individuals who consumed yogurt.
Although they saw a significant increase in lymphocyte blastoid
transformation in both milk and yogurt groups after the con-
sumption period, the increase in the yogurt group was signifi-
cantly greater than in the milk group. They also conducted
cytotoxicity assays by measuring natural killer (NK) cell activity,
which they classified into low, normal, or high in relation to the
activity range in the study population. Subjects in the yogurt
group with low NK cell activity at baseline experienced a sig-
nificant increase in cytotoxicity after intake. Conversely, the NK
cytotoxicity in subjects with above-normal NK cell activity at
baseline returned to the normal range after intake. None of these
changes were significant in the milk group. The existing evidence
on the potential benefits of yogurt on immunity in elderly
populations is limited but encouraging, and further investigation
is warranted, especially through randomized controlled human
trials to confirm and expand on these observations.

Cognition and mental health

Although there is limited assessment of the influence yogurt
may have on cognition and long-term mental health, this is an
important area to explore because of the rich content of B vi-
tamins in yogurt and evidence of its anti-inflammatory effects that
may be protective against cognitive impairment, as well as the
recent evidence indicating a connection between the gut
microbiota and cognition. In a longitudinal study conducted by
Vercambre et al (53) of the relation between dietary habits of
w4800 French women, born between 1925 and 1930, and age-
related mental decline assessed in 2006, the odds of reduced
capacity for instrumental activities of daily living showed a
significant inverse relation with concentrations of riboflavin
and vitamins B-6 and B-12. They did not find an association
with dairy products, and the specific influence of yogurt is dif-
ficult to gauge, because it was grouped with milk in their
analysis. However, in a cross-sectional analysis in 1183 men and
women in Australia, aged 39–65 y, self-reported measures of
memory recall and social functioning were significantly asso-
ciated with the consumption of low-fat yogurt among men (13).
Similarly, a randomized controlled study conducted recently by
Tillisch et al (54) compared brain response by using fMRI in
women (aged 18–55 y) who consumed a fermented milk product
supplemented with several probiotic species compared with
women who consumed a nonfermented milk product or un-
dergoing no intervention. They reported that consumption of the
fermented milk product led to functional changes in a wide array
of regions of the brain that control emotion and sensation. It will
be interesting to know whether similar results can be reproduced
in older adults (.65 y).

SUMMARY AND CONCLUSIONS

Thus far, the most robust evidence that suggests a potential
benefit of yogurt consumption on elderly health outcomes is from
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observational studies or indirectly from studies that have eval-
uated the effect of isolated nutrients or probiotics known to be
abundant in yogurt on different health outcomes. Few clinical
studies have determined the effect of yogurt as a whole food on
biological markers of health or diseases in the elderly. The
existing studies are encouraging, however, and suggest that
yogurt could play an important role in improving the nutritional
and health status of the elderly when provided as part of a healthy
diet. Furthermore, these studies support the need for additional
investigation on the role of yogurt in healthy and active aging
individuals. In particular, clinical trials and studies conducted
over longer periods are needed to evaluate the sustained effects of
yogurt on nutritional status and health of older adults.
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The future of yogurt: scientific and regulatory needs1–4

J Bruce German

ABSTRACT
Lactation biology, microbial selection, and human diversity are cen-
tral themes that could guide investment in scientific research, indus-
trial innovation, and regulatory policy oversight to propel yogurt
into the central role for health-promoting food products. The ability
of yogurt to provide the nourishing properties of milk together
with the live microorganisms from fermentation provides a unique
combination of food assets. Academic research must now define the
various targets on which these biological assets act to improve health
and develop the metrics that can quantitatively document their ben-
efits. The food industry must reconcile that yogurt and its microor-
ganisms cannot be expected to provide measurable benefits for all
consumers, at all doses, and at all times. A supportive regulatory oversight
must demand safety and yet encourage innovations that support a value
proposition for yogurt in health. Health valuation in the marketplace
will be driven by parallel innovations, including accurate assessment
technologies, validated microbial ingredients, and health-aware
consumers. Am J Clin Nutr 2014;99(suppl):1271S–8S.

INTRODUCTION

Yogurt is perhaps the most complex and biologically active
of all foods in the marketplace. Its assets, costs, and values are
all linked to its biological nature. The science to understand its
potential benefits and the regulatory policies to ensure its
safety must recognize the complex biology underlying what is,
on first glance, simple yogurt. Yogurt is the combination of 3
factors: milk, the product of hundreds of millions of years of
lactation evolution; industrial bacteria, the result of centuries
of human selection of microbial cultures; and finally, con-
sumers, including the reality of human variation and the need to
address the breadth of our diversity. Understanding all 3 is
necessary to fully appreciating the potential value of yogurt in
the future.

MILK AND LACTATION

Lactation is at the core of mammalian success. The emer-
gence of Mammalia w200 million y ago brought a remarkable
aspect of reproductive strategy of mothers: to feed infants with
the secretions of an epithelial gland tissue network (1).
Through the ensuing millennia, selective pressure drew re-
markable constituents into this increasingly complex nourish-
ment system. Milk is ostensibly encoded by the lactation
genetic elements (2). This subset of the mammalian genome
has been under selective pressure by maternal and infant sur-
vival and their long-term reproductive success. Therefore, se-
lective pressure through mammalian evolution was relentless

on the balance of the beneficial attributes of milk and their cost
(3, 4). Everything in milk costs the mother, putting her survival at
a selective disadvantage. Hence, if a constituent in milk does not
result in value for the infant, it is at strong negative pressure be-
cause of its cost to the mother. However, if any element of milk
provides a nutritional, protective, or developmental advantage to
the infant, it is difficult to imagine a more positive selective
pressure on a genetic trait. At its core, yogurt is a milk-delivery
system for noninfants.

MICROBIAL CULTURE

Microorganisms are an integral part of our food supply, both
directly and indirectly. Although much academic research, in-
dustrial technologies, and regulatory surveillance have been
designed to eliminate microorganisms from food, this view is now
changing. Microorganisms are increasingly viewed as valuable
assets in the bioprocessing of commodities, with their own con-
tributions of metabolites, structures, and bioactive components (5).
Yogurt is a model of such assets. The future of food processing will
include more “biological” innovations as microorganisms become
controllable. In truth, microorganisms have participated through-
out history as important modifiers of the safety, nutritional value,
and flavor of a select group of high-value foods. Microorganisms
provide hydrolytic enzymes to degrade plant components (phy-
tate). Microorganisms release metabolites (ethanol and lactic
acid). Finally, microorganisms release biopolymers that act on
other organisms as signals. These biopolymers range from endo-
toxins that act on the host to quorum-sensing factors that act on the
microorganisms in the lumen. In traditional yogurt, the mixed-
culture system of Lactobacillus and Streptococcus (6) delivers a
remarkable combination of enzymes and metabolites that enhance
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safety, nourishment, taste, and flavor. The future of food fermen-
tation in its broadest biotechnology perspectives can learn valuable
lessons from this traditional artisan system.

The most innovative and scientifically challenging new di-
mension of nutrition and diet research is the intimate relation
between humans and microorganisms. All sciences related to
food are similarly realizing the importance of microorganisms as
constituents in and on our foods, as biotechnology partners in and
on our processing technologies, and as ecological partners in and
on—us. New tools and models are revealing an astonishing
importance to the diversity of microbes inhabiting specific
ecological sites throughout humans (7–11). This research also
shows just how much we “pay attention” to them. The micro-
biota, the diverse populations of microorganisms in and on hu-
mans, affects the following:

� the development of the response and regulation of immu-
nity from barrier composition to integrity and acquired im-
munity from protection to allergy;

� metabolic regulation, from fuel scavenging to whole-body
tissue prioritization;

� physiologic processes such as acute blood flow regulation;
and

� neurologic processes from infant development to adult
regulation.

The disciplines of nutrition and food science are wrestling
with the following questions: what components of the bacteria
are we sensing to influence our health and how are foods
influencing the “health” of the microbial ecosystems within us?
Yogurt is the food that today most relates to that relation.

HUMAN DIVERSITY

Food and nutrition are still struggling with a fundamental
truth: humans are not the same. Although sex, age, and lifestyle
differences have always been recognized as demanding dietary
diversity, more subtle differences are now emerging for which
solutions must be found. These differences include essential
nutrients, but they do not stop there. Lactation and milk provide
innovative solutions to mammalian diversity. The first nutri-
tional priority of milk is the provision of all essential nutrients
at the minimum level for infant growth and development.
Because these same nutrients are as essential to the mother as to
the infant, providing essential nutrients in milk comes at
a potentially devastating cost to the mother. Hence, milk de-
livers essential nutrients in bioavailable forms (12, 13). The
value of yogurt differs between adults. For example, the elderly
are at risk of nutrient deficiencies resulting from low caloric
intakes and poor nutrient absorption. Certain genetic poly-
morphisms are associated with poor uptake of nutrients, in-
cluding folate (MTHFR; 14). Food components can slow
nutrient absorption (eg, iron; 15–17). Digestion differs be-
tween humans, notably the digestion of lactose. The vast
majority of the human population is lactose intolerant after
infancy. Genetic polymorphisms in the lactase gene regulatory
regions emerged with dairying as an agricultural practice (18).
The presence of this endogenous genetic lactose “tolerance” in
adults presumably provided selective advantages to those who
had this attribute (19). Yogurt provides this enzymatic activity
with external microorganisms.

YOGURT: PAST, PRESENT, AND FUTURE

Past success

In its history, yogurt has been a unique product combining
valuable elements of lactation, microbial culture, and human
diversity. Yogurt delivered the nutritional elements of milk, es-
sential nutrients in highly absorbable forms, bioactive proteins,
and lipids. The safety and stability of yogurt as a dairy product
were enhanced by the culture by lactic acid bacteria, lowering the
pH and producing significant quantities of lactic acid. Finally,
because yogurt reduces the lactose amount and provides active
bacteria with the lactase enzyme, this rendered it a dairy product
for humans who were lactose intolerant.

Present reality

The current role of yogurt in the diet is one of the more
successful and yet contentious issues in the entire food mar-
ketplace. Yogurt enjoys considerable market share in the overall
diet of many parts of the world and yet consumers have little
understanding of its value to their health. Even the core assets of
yogurt are not universally accepted in the regulatory arena or
understood by consumers. The value propositions of yogurt have
been altered significantly in the context of the regulatory judg-
ments of recent actions of the European Food Safety Authority
and the US Food and Drug Administration. These 2 agencies have
been working to establish consensus language to guide scientific
research to substantiate health claims for foods (20, 21). The path
is complex, and yet certain themes are instructive. Most examples
of successful development of scientific evidence that has reached
regulatory approval have relied on simple nutrient status (calcium
and bone) or have use well-established biomarkers of accepted
metabolic relations to long-term disease (cholesterol and heart
disease). Yogurt, with its role of delivering live bacteria, does not
fall within either of these simple categories. It is therefore not
surprising that there is not yet any scientific consensus on the
benefits of yogurt and the presence/abundance of live bacteria
beyond its traditional role of providing essential nutrients in
a dairy product to those with lactose intolerance (22). Thus,
despite considerable evidence that yogurt as a food product is
beneficial to health, its scientific evidence portfolio, regulatory
position, and consumer perception remain underappreciated. This
current situation does, however, provide the opportunity for
a bright future, if investments are applied.

Future promise of yogurt

Yogurt has the potential to be the vital player in the spectrum of
food products that provide a wide range of health benefits to
individuals through specific influence on their intestinal micro-
biota. To reach this potential, however, important strides in both
scientific understanding and regulatory oversight must be made.
The scientific understanding of the intestinal microbiota is still
being assembled. For yogurt, how much of the intestinal
microbiota and its influence on whole-body health are alterable
by diet. For regulatory oversight, the scientific, industrial, and
regulatory communities must agree on quantifiable measures of
those microbiota-dependent health properties. Within such
a context, companies can then show with these metrics that these
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health properties have been significantly improved by their di-
etary interventions.

Industry must invest in the development of yogurt’s potential.
Industrial processes and products will need to become more
transparent and their expectations for claimable health benefits
more clearly defined. Industry will also need to participate in the
development, validation, and implementation of technologies
that accurately measure yogurt products and their quality, safety,
and efficacy. It would be most efficient if the science and its
regulatory applications were pursued in parallel.

THE INTESTINE AND ITS COMPLEX MICROBIOTA

The mucosal surfaces of humans are teeming with micro-
organisms. The intestinal mucosa and the intestinal contents of
each human host a large reservoir of microorganisms that are
now described as relatively constant as an ecosystem despite
the continuous passage of diverse bacteria from the diet (8).
Whereas “resilience” of the ecosystem is a relative term, the
numbers (w100 trillion) and the complexity of each individual’s
microbiota are dauntingly complex. Variation among humans
exists in every aspect measured: age, geography, etc (23).
Despite the complexity and diversity, the gut microbiota pop-
ulation and the human host are apparently working in a mutu-
alistic way to maintain the microbiota as a coherent system
(24), if not numerically, at least functionally (25). These efforts
at maintaining functions, presumably the result of billions of

years of mutualistic coevolution, underlie and at least instruct
a broad range of human immunologic (26), metabolic (27),
physiologic (25), even neurologic processes (28). When these
systems falter, both acute and chronic disease results. The
science of how to and why guide our microbiota will drive
a next generation of foods.

RESEARCH TARGETS AND KNOWLEDGE MANAGEMENT
NEEDED FOR YOGURT

The basic information needed from scientific research and its
translation from agriculture to yogurt to personal health is shown
in Figure 1. The scientific tools to build the data are largely in
place. It is now possible to direct these tools to yogurt. The
translation of the knowledge will require new ingredients, prod-
ucts, and processes, and technologies to measure and document
them. Research scientists, regulatory agencies, and industrial
partners will need to work together to ensure that their respective
goals and methods are aligned. Such coordination will be facili-
tated by developing bioinformatics tools to merge the disparate
data sets—for example, of microbial genomes, milk components,
and human microbiota functions—into a more comprehensive
and annotated knowledge of the relations between the input
variables of yogurt (bacteria and milk) and their consequences in
different humans.

The success of this research and development agenda will
depend on close collaboration and appropriate commitment in

FIGURE 1. The knowledge flows needed to understand the benefits of yogurt and to deliver them to appropriate consumers.
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time and resources by all 3 vested sectors: academic research,
regulatory agencies, and industrial partners. The challenge is that
these 3 sectors have very different goals for research (Table 1).
Academic scholars need projects that provide long-term compet-
itive funding. For industry, the key is to identify investable values
emerging from research. For regulatory policy, transparency in
protecting public safety is the priority. Academic research will
generate peer-reviewed publications, yet the knowledge must also
lead to products, markers, and devices. Regulatory bodies need to
participate actively in building consensus, standardization, and

validation of quality and safety metrics and diagnostic markers of
efficacy. Industry has the opportunity to move beyond simple food
product development and participate in the commercialization of
technologies to document health efficacy. The interactions and
knowledge flows between partners are shown in Figure 2. Im-
portantly, both research and practice are working on similar
overall goals; they are not necessarily using identical materials and
tools and thus they need to communicate, translate from one do-
main to another, and ensure that outcomes are measurable.

INGREDIENTS

The core ingredients of yogurt sound deceptively simple:
milk and bacteria. The diversity of both is a challenge and an
opportunity.

Milk

Milk is not necessarily a uniform commodity ingredient for
yogurt. The basic composition of milk differs according to
multiple variables, including the animal’s breed (29, 30) and diet
(31), milking style (32), and the animal’s rumen (33). Although
processing has emphasized uniformity, milk research now has
the tools available to build a more detailed understanding of the
components of milk and to alter their concentrations. For ex-
ample, milk proteins are not only sources of amino acids for
nutrition. Research shows the sequence and structural com-
plexity of milk proteins (34). Milk proteins are, in part, strings
of encrypted peptides, the activity of which is released on se-
lective proteolytic digestion. The first generation of research
suggests that these peptides have unique biological activities,
many of which could be released before yogurt consumption
(35). Similar complex structures and functions are being

TABLE 1

Summary of research and translation targets for yogurt

Academic Industrial Regulatory

Ingredients

Milk Analytic method development Method deployment Method validation and international

standardization of methodologies for

composition and quality

Compositional analysis and

annotation

Compositional analysis

of ingredients

Bacteria Genomic sequencing and

annotation

Strain-specific documentation Establish standard nomenclatures for

quantity, bioviability, and strain

specificity of bacteriaMicrobial ecology

Strain annotation

Processes

Unit operations and

fermentation

Quantitative understanding

of effects of temperature,

pressure, homogenization,

and shear on milk and bacteria

Support for and partnering

with academic institutions

for pilot scale production

Validation of new technologies for

quality and safety

Coherent, transparent regulations for

standard of identity and labeling

Health outcomes Discovery of targets

of health as function

and performance

Diversify products for

different consumers

and diverse endpoints.

Visible criteria for regulatory approval
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FIGURE 2. The distinct databases of research and practice for health
improvements by yogurt as a food product.
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recognized for the lipids, oligosaccharides, and various small
molecules in milk (36).

The future of yogurt will depend not only on building a more
detailed knowledge of milk’s structures and functions but also on
understanding the diverse structures that can be released during
production. Such a future will be accelerated by an accessible,
annotated database of milk components. Regulatory scrutiny of
the marketplace will also require that industries deploy the an-
alytic toolsets capable of documenting the presence of bioactive
components in the raw material ingredients and final products.

Bacteria

Bacteria used to produce traditional yogurt are increasingly
well described, their growth properties defined, and entire ge-
nomes sequenced (6, 37). Annotating the yogurt bacterial ge-
nomes for flavor, structure, and stability traits is an important goal
for yogurt product quality. With the growing recognition that
yogurt provides a viable delivery system for probiotics, a broader
range of the Lactobacillus bacteria are being explored for their
ability to enhance the health properties and value of yogurt (38).
The first comprehensive genome-sequencing project for the
lactobacilli established a strategy for the entire field (39). Since
this visionary start, research has been competitive and compre-
hensive approaches have not emerged to build a unified and
consensus knowledge set of the yogurt bacteria. Nonetheless,
scientific progress has been impressive, with increasingly de-
tailed genomic knowledge of the diversity of microorganisms
available to milk and cultured dairy products and of their
functional differences (40). New technologies such as pan-
genomic sequencing and detailing gene by gene, functional trait
by functional trait, and metabolite by metabolite differences in
strain functionalities represent a model for building the future
knowledge base of yogurt.

The informatics tools for managing comprehensive sets of
bacteria in mixed cultures, their interactions with milk as
a matrix, the components produced from milk and microbial
metabolites in the ingredient streams for yogurt, and the
precise health metrics after their consumption are not yet in
place and will need to be developed. On the positive side, this
means that experimental designs and methods, marker vali-
dation, and informatics tools can be placed simultaneously into
a coherent systems approach for yogurt innovations and val-
idations (41).

PROCESSES

Yogurt processing is integral to the final product quality, safety,
and health efficacy. Recent successes in expanding the diversity
of yogurt processing and composition, notably “Greek style”
yogurt, have shown that there is considerable flexibility to in-
novate within the category. These same successes, however,
highlight the lack of industry standards for product labeling,
lack of policy consensus of yogurt standards of identity, and lack
of scientific support for the purported benefits. For example, so-
called Greek-style yogurt swept into the 2010 yogurt market-
place with a simple proposition of being higher in solids and
protein. Although this modification in composition is tradition-
ally accomplished by a filtration step during the final stages of
processing, many products labeled “Greek style” achieve

a higher solids and protein composition by explicitly adding
milk protein ingredients at the beginning or end of the process.
Producers, regulators, and consumers are now debating: are
these methods the same?

As yogurt diversifies, regulatory policy will be faced with
important decisions as to what constitutes “yogurt,” how far the
compositions can diverge before products can no longer be
considered within the category, and how to label these various
alternatives. Industries are faced with the conflicting pressures
of formulating and positioning products within the rapidly
changing, competitive marketplace and maintaining labeling
standards and consumer transparency.

Food processing is about to be transformed by genomics se-
quencing tools. Genomics sequencing–based microbial detection
systems are now available for relatively routine surveillance of
entire processing facilities. Techniques can map entire microbial
communities from cows and plants to entire crops and food-
processing and health facilities (42–45). Detailed knowledge of
the microbial communities, including bacteria, yeast, molds, and
even bacteriophages, within entire yogurt-processing environ-
ments, will enhance safety, quality, and going forward, the
health propositions possible.

HEALTH OUTCOMES AND YOGURT

Yogurt is already perceived by consumers as having health
benefits. Going forward, yogurt is a food category poised to
translate scientific research. In many respects, yogurt is ideally
situated to lead science and technology into a future of greater
health through diet. The question is, can research be mobilized to
realize this future?

Progress in discovering the relations between yogurt and
health would be significantly enhanced with 3 simple changes in
strategy:

1) Focus on prevention and protection rather than therapeutic
cure.

2) Unify lactation research across all mammals, including
human and bovine.

3) Develop markers based on mechanisms of action to trans-
late science into regulatory dossiers of efficacy and dem-
onstrated proof of benefits.

Prevention

Health is approached largely from a disease-centric per-
spective. Diseases are defined by specific functional departures
from “normal” health. The goal of curative health science is to
understand the mechanisms underlying those diseases and to
discover interventions—chemical, biological, or procedural—
to reverse them. Preventing diseases before they occur is not
necessarily the same. Prevention implies that interventions
(again, chemical, biological, or procedural) act preemptively
on healthy individuals to lower the risk of disease (ie, to im-
prove health). Prevention in practice would strengthen pro-
cesses that block agents that cause diseases, to rebalance
endogenous processes that are chronically dysregulated suffi-
ciently to lead to disease and to enhance the activity or sen-
sitivity of surveillance processes that detect damaged
molecules, cells, or tissues that would become diseased. The
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challenge for science is to bring these broad principles into
mechanistically defined and demonstrable action. Scientists are
using very imaginative approaches to identity the targets of
disease diagnostics and therapeutics; those same toolsets can
now be applied to discover the targets, metrics, and products of
prevention.

Lactation

Lactation has been driven by relentless Darwinian selective
pressure for protection and prevention. Yogurt would profit by
bringing a scientifically detailed, molecular understanding of
how milk from all mammals, especially humans, achieves its
benefits. Once established, those mechanisms can be translated
into innovative yogurt products and benefits. The following 4
broad categories of benefits to infants would be of immediate
value across the age spectrum, if science could unravel the
mechanisms by which milk achieves these effects: immunity,
metabolism, physiology, and microbiota.

Immunity is a massively complex system consisting of
multiple innate structures and functions together with an even
greater diversity of acquired processes. Appropriate functioning
of immunity is necessary to the protection of life and the
prevention of disease. Yet, imbalances in immunity can cause
disease. Failure to regulate immunity appropriately thus con-
tributes both to increased risk of infectious disease when im-
mune responses are insufficient and yet contributes to increased
risk of diseases of inflammation and autoimmunity when im-
munity is inappropriate and excessive. Diets that prevent disease
must therefore improve both aspects of immunity. The failure of
the immune system to respond sufficiently to pathogenic invasion
is seen in young infants, as a result of delayed development, and in
the elderly who are at risk of immune senescence and suppression
(46). Human milk has been documented to enhance the de-
velopment of acquired immunity in infants and these same
mechanisms could translate to adults, if they were understood (47).

Scientific consensus has not yet developed a full nomenclature
to describe inflammation. Nonetheless, however it is defined,
inflammation is associated with, if not considered central to,
virtually all noncommunicative, degenerative diseases (heart
disease, diabetes, cancer, arthritis, asthma, stroke, etc) (48). If
inflammation could be reduced, the benefits to long-term health
would be remarkable. However, there is a problem. Inflammation
is also at key points essential to the successful immune response
to pathogens. Therefore, interventions to reduce inflammation
carry the risk of increased infectious disease. The balance of
immunity is at the core of this diverse protection system, and at
present no strategy has emerged that can maintain appropriate
immune response and simultaneously prevent chronic in-
flammation. Yet, human milk is very well described as providing
multiple, diverse mechanisms that are anti-inflammatory, while at
the same time enhancing overall immune protection of the infant
(49). The mysteries of inflammation—from the diverse mecha-
nisms that cause it to the ingredients to manage it—are hidden
within lactation biology.

Metabolism in higher organisms is in many ways as complex
and pervasive as immunity. The appropriate distribution of fuels
and substrates to support all of the disparate systemic processes is
the function of metabolic regulation. The inappropriate distri-
bution of fuel is now recognized to be driving obesity, cachexia,

heart disease, diabetes, and many cancers (50). Once again,

aggressive pharmacologic approaches to alter metabolic regu-

lation are fraught with risk. Milk has not only been shown to be

associated with appropriate metabolic regulation in infants, but

dairy intake has also been associated with risk protection in adults

(51). Thus, the mechanism by which milk supports metabolism is

evidently translatable across all ages and mammalian species.
The secrets to metabolic control are in lactation biology.

Physiologic processes, when unbalanced, are increasingly
recognized as drivers of chronic disease. Simple blood flow is an
example of the complexity of the problem. When physiologic
processes are working appropriately, blood flow is acutely di-
rected to tissues in demand, fueling performance and removing
byproducts. When not working appropriately, impaired blood
flow, measured as hypertension, is a major driver of cardiovas-
cular disease (52). Milk clearly targets blood flow regulation. One
of the classes of bioactive factors (antihypertensive peptides) and
their targets of action (angiotensin-converting enzyme) have
already been brought to practice as functional food ingredients
(53). The path to understanding physiologic regulation is through
lactation biology.

The microbiota of humans is a key contributor to the regulation
of metabolic, physiologic, immunologic, and even neurologic
processes. The most compelling evidence for the importance of
the microbiota to human health and the ability to manipulate it
through diet comes from milk. The mammary gland and lactation
providing milk for infant nourishment have been central to
mammalian evolutionary success (54). Milk nourishes the infant
and yet costs the mother. One class of molecules has been
particularly perplexing in this context. Glycans (complex sugar
polymers and their conjugates) are indigestible by infants (55).
Ongoing research has established that these components are
selectively feeding not the infant but specific bacteria within the
infant’s intestine (56–58). The diverse saccharide structures and
linkages in the glycans of milk are matched to stereospecific
catalytic activities of a group of bacterial enzymes within the
genomes of bacteria unique to infants (58–60). The microbiota
of breastfed infants is remarkably distinct during the first year of
life (61, 62). Milk itself is a source of living microorganisms,
implicating milk as a delivery system for maternally derived
bacteria destined for the infant (63, 64). Once again, the road-
map to colonizing and guiding a complex microbial ecosystem
in the intestine of humans is contained within the lactation ge-
nome of mammals. Research just needs to “decode” it.

METRICS/DIAGNOSTICS OF YOGURT AND HEALTH

A key to improving health in the population and to capturing
value in food products and services is to develop the technologies
to accurately measure individual health. Success in diagnosing
disease by identifying analytes in blood associated with particular
diseases has driven the drug marketplace. Unfortunately, this
basic strategy will need to be modified for measuring health and
preventing disease, because there is no disease to diagnose.
Health itself must be assessed. Assessing health means measuring
the functioning of the various systems, structures, and processes
that constitute the normal healthy state. In a food marketplace in
which consumers are measured for personal health, the value of
yogurt can be shown by its ability to enhance those functions.
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Disease is typically detected by static measures: diagnostics.
The processes of health are revealed by challenging those pro-
cesses explicitly (65–67). The challenge approach to health as-
sessment includes the measurement of the dynamic fluxes of
metabolites through specific biochemical pathways in response
to a defined nutritional input. A standard glucose challenge, for
example, has been a hallmark of metabolic assessment for de-
cades, and this principle has been shown to be expandable to
multiple nutrients (65). This “challenge” principle shows aspects
of metabolism that are unavailable in the fasted state. Analogous
to running a race to assess the performance of athletes, analyzing
the metabolic, immunologic, physiologic, and even neurologic
responses to a standard stimulus can assess the quality of the
performance of those systems.

Scientists can and should drive a new view of health, measurable
by absolute, quantitative criteria. The metrics of what to measure,
when, how accurately, and in response to what challenge are ap-
propriate research goals for academic science. However, scientists
developing health metrics must now go beyond simply chronicling
disease processes. Finally, these scientific measures must move out
of the laboratories and into common practice. This ultimate goal of
building a health assessment marketplace will require devices that
are sufficiently accurate to be of predictive value but sufficiently
noninvasive, cost-effective, and convenient to be practical. Engi-
neers will need to be at least as diligent and engaged in building the
tools of health measurement as they are in the tools of automotive
performance. Deploying personal health measures will build
a more knowledgeable consumer population. A more knowl-
edgeable consumer population will drive a more competitive and
more valuable marketplace. To reach this more measured con-
sumer population, regulators will need to guide, validate, and
monitor the accuracy of health measurement as an industry. In
a measured health marketplace, yogurt’s value will rise.

Health assessment needs a policy advocate. There needs to be
a regulatory body that champions the development of health as-
sessment indicators out of academic research. Although disease
diagnostics provide a framework, there are some important dif-
ferences. The costs of approving disease diagnostics are high, for
good reason. The consequences of an error, either type 1 (false
positive) or type 2 (false negative), based on a diagnostic outcome
decision for disease can be catastrophic. Hence, the time and effort
needed to minimize error rates for disease diagnostics are justified.
However, for measures of health, the situation is different. Health
will be measured more routinely, and the decisions taken are less
impactful. Hence, a distinct regulatory oversight system for the
development, validation, and monitoring of the marketplace of
health assessment should be more flexible and reactive.

CONCLUSIONS

The long history of the health values of yogurt are chronicled
throughout this series of accompanying articles in the supplement
issue. The future of yogurt is in the hands of scientists, tech-
nologists, and policy makers. There is a clear opportunity to build
the knowledge, tools, and products needed to position a portfolio
of new foods based on the concepts of traditional yogurt. Aca-
demic research, industrial partners, and policy regulators working
together will achieve this future. Research will need to establish
the mechanisms by which yogurt acts on specific aspects of health
and the metrics to document them. Industries will accelerate

progress by providing materials for development and clinical
trials. Regulators will provide a more competitive commercial
marketplace for health by supporting the development, valida-
tion, and deployment of technologies to measure human health
and to show the value of health-supporting food products.
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