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ABSTRACT

Associations between yogurt intake and risk of diet-related cardiometabolic diseases (CMDs) have been the subject of recent research in

epidemiologic nutrition. A healthy dietary pattern has been identified as a pillar for the prevention of weight gain and CMDs. Epidemiologic studies

suggest that yogurt consumption is linked to healthy dietary patterns, lifestyles, and reduced risk of CMDs, particularly type 2 diabetes. However, to

our knowledge, few to no randomized controlled trials have investigated yogurt intake in relation to cardiometabolic clinical outcomes.

Furthermore, there has been little attempt to clarify the mechanisms that underlie the potential beneficial effects of yogurt consumption on CMDs.

Yogurt is a nutrient-dense dairy food and has been suggested to reduce weight gain and prevent CMDs by contributing to intakes of protein,

calcium, bioactive lipids, and several other micronutrients. In addition, fermentation with bacterial strains generates bioactive peptides, resulting in a

potentially greater beneficial effect of yogurt on metabolic health than nonfermented dairy products such as milk. To date, there is little concrete

evidence that the mechanisms proposed in observational studies to explain positive results of yogurt on CMDs or parameters are valid. Many

proposed mechanisms are based on assumptions that commercial yogurts contain strain-specific probiotics, that viable yogurt cultures are present

in adequate quantities, and that yogurt provides a minimum threshold dose of nutrients or bioactive components capable of exerting a physiologic

effect. Therefore, the primary objective of this review is to investigate the plausibility of potential mechanisms commonly cited in the literature in

order to shed light on the inverse associations reported between yogurt intake and various cardiometabolic health parameters that are related to its

nutrient profile, bacterial constituents, and food matrix. This article reviews current gaps and challenges in identifying such mechanisms and

provides a perspective on the research agenda to validate the proposed role of yogurt in protecting against CMDs. Adv Nutr 2017;8:812–29.
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Introduction
Obesity, type 2 diabetes (T2D), dyslipidemia, and hyperten-
sion are important risk factors for cardiometabolic diseases

(CMDs). Dairy foods, intrinsic to the Western diet and
food-based dietary guidelines, may have beneficial effects
on CMD risk factors (1). The potential health benefits of
yogurt consumption have received much attention over
the past few years, with countless reviews published on
the topic. To date, the benefits of yogurt intake on cardio-
metabolic health are primarily sustained by observational
evidence. The positive impact of yogurt intake on T2D
risk is strongly supported by the consistent findings of 3
separate meta-analyses of prospective cohort studies (2–
4). In these studies, the magnitude of risk reduction of
T2D for yogurt intake was 22% (95% CI: 60–102%) for ev-
ery 200 g serving/d (4), 18% (95% CI: 70–96%) for every
244 g serving/d (3), and 14% (95% CI: 83–90%) for
80 g/d compared with no intake (2). A closer look at indi-
vidual prospective cohort studies shows a neutral relation
between yogurt and T2D risk in 6 cohorts (3, 5–8) and
an inverse relation in 6 other cohorts (3, 9–12). In other
prospective cohort studies, yogurt (total, high-fat, and
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low-fat) consumption was inversely associated with fasting
plasma glucose (13) and had a neutral relation to abnormal
glucose homeostasis in other studies (14–16). Drouin-
Chartier et al. (17) performed a systematic review of meta-
analyses and concluded that high-quality evidence supports
a favorable relation between yogurt intake and T2D risk,
and this relation is not likely to be modified by the addition
of new observational studies. However, to our knowledge,
no randomized controlled trials (RCTs) have yet been con-
ducted to determine the effects of yogurt intake on metabolic
parameters of T2D.

A favorable association between yogurt and adiposity
indicators, such as BMI (in kg/m2), weight, and waist cir-
cumference, is also supported by observational studies
(13, 16, 18) and an RCT (19). To our knowledge, although
no meta-analyses have yet been conducted, findings from 2
systematic reviews suggest that there is accumulating evi-
dence supporting the role of yogurt consumption in weight
management from both clinical and observational studies
(20, 21).

To date, moderate-quality evidence (17) from prospective
cohort studies (22–27) and one clinical study on metabolic
parameters (28) has emerged to support a neutral relation
between yogurt and cardiovascular disease (CVD) or coro-
nary artery disease (29). Two meta-analyses have examined
yogurt and fermented milks in relation to CVDs and re-
ported slightly different conclusions, likely owing to differ-
ent study inclusion criteria and a very small number of
studies (30, 31). Wu and Sun (31) reported no significant as-
sociation between yogurt consumption and incident CVD
based on 9 studies; however, several of the studies included
other fermented dairy products. The authors also concluded
that a daily dose of 200 g yogurt may be associated with a
lower risk for CVD based on 3 studies with a borderline sig-
nificant inverse association (RR: 0.92; 95% CI: 0.85, 1.00)
(31). Guo et al. (30) reported a marginal 2% lower risk
for CVD (95% CI: 97–99%) with each 20 g serving of fer-
mented milk/d (sour milk, cheese, and yogurt) but this
was attenuated during sensitivity analyses. The relationship
was not significant for yogurt (30). To date, observational
evidence indicates a neutral association between yogurt
consumption and CVD risk.

The overwhelming weight of evidence from observa-
tional studies has indicated either beneficial or neutral ef-
fects of yogurt consumption on various CMDs. Despite
the seemingly positive benefits of yogurt consumption on
CMDs, it is extremely difficult to rule out confounding fac-
tors in observational studies, given yogurt’s positive associa-
tion with healthier lifestyles and dietary patterns, which have
been discussed elsewhere (32, 33). Yogurt contains a multi-
tude of nutrients that have the potential to act in a functional
manner on CMDs. However, these confounders make it dif-
ficult to ascertain whether it is the nutritional properties of
yogurt that are indeed responsible for the beneficial associ-
ations observed in epidemiologic studies, rather than its as-
sociation with a healthier lifestyle. Nevertheless, high-quality
prospective cohort studies with large populations have

carefully accounted for various known lifestyle confounders
such as physical activity, diet, and smoking and still indi-
cated favorable relations between yogurt intake and CMD
(3, 13, 18, 34, 35). These consistent results suggest that the
nutrient composition of yogurt has an independent role in
promoting cardiometabolic health, although causal evidence
will require RCTs and mechanistic studies. Furthermore, the
conflicting effects of different dairy products that contain a
similar nutrient composition (e.g., milk compared with yo-
gurt) on health suggest that the yogurt matrix and ferments
play an important role in potentiating the health benefits of
its nutrients (36).

To our knowledge, few RCTs have been conducted to val-
idate the causal relation between yogurt consumption and
CMD risk factors. Past studies have generally been con-
ducted in the context of a low-fat or energy-restricted diet
(19, 37), have not necessarily isolated yogurt from other
dairy products (38, 39), or have used probiotics (40, 41).
Moreover, few studies have been conducted in animal
models of obesity, T2D, and CVD to demonstrate the inde-
pendent effect of yogurt intake on CMDs and the underlying
mechanisms that could explain the positive relation between
yogurt consumption and cardiometabolic risk factors re-
ported in observational human studies. Although many re-
views have been published on yogurt and CMDs, the lack of
mechanistic studies in both clinical and animal models
means that authors are left to speculate on potential mech-
anisms and cite epidemiologic studies or narrative reviews
to support hypotheses (Table 1). This review addresses
speculated mechanisms of action that have been reported
in the literature to support the beneficial relation between
yogurt consumption and reduced risk of CMDs. We ex-
plore research gaps that must be addressed to provide evi-
dence that explains why yogurt is not only a “nutritional”
marker of a healthy diet but is also a nutrient-rich food
that exerts beneficial physiologic actions to reduce the
risk of CMDs.

Role of the Yogurt Matrix
A group of 18 experts published a consensus statement in
May 2017, highlighting the importance of the dairy matrix
and examining the effects of whole dairy along with single
nutrients. The experts agreed that dairy products do not
have a positive association with CVD or diabetes, but fer-
mented dairy products generally have an inverse association
and different types of dairy products may have distinct ef-
fects on disease risk. The effects of whole dairy on CMDs
may be different from the effects of individual dairy nutri-
ents, and processing techniques may improve nutrient-
matrix interactions potentially modifying metabolic effects
(88). An example of potential nutrient-matrix interactions
in yogurt is illustrated in Figure 1.

The matrix effect of a food goes beyond the individual
nutrients, suggesting that the physical structure, created
by a combination of nutritive components, can act indepen-
dently of its individual components during digestion and
metabolism (88–90). Compared with an isolated nutrient,
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the yogurt matrix protects its nutrients and bioactive
compounds against degradation (e.g., enhanced viability of
live cultures) and allows for nutrient-nutrient interactions
(e.g., enhanced calcium absorption during fermentation)
(91). The buffering capacity of milk is known to promote
higher viability of bacteria in the gastrointestinal tract be-
cause of maintenance of higher pH values in the stomach
(92). The gel structure of yogurt supports the viability of
live cultures by providing a physical barrier against degrada-
tion and protecting them against hydrogen ions and organic
acids. Furthermore, exopolysaccharides produced by lactic
acid bacteria (LAB) play a structural role in yogurt by in-
creasing its viscosity, further enhancing the viability of live
bacteria by protecting it during its passage through the gas-
trointestinal tract (92). In an in vitro digestion simulation,
green tea extract was given with a dairy matrix (yogurt,
milk, or cheese) or a control (water). Dairy matrices ex-
hibited better capacity to maintain antioxidant activity
than water alone (93). A matrix can also be altered during
food processing (mechanical, chemical, or biochemical),
which can impact the bioavailability of nutrients (94). The
physical structure of the matrix and the processing methods
(heat treatment and acidification) may considerably impact

milk protein digestion and amino acid availability (95). Di-
gestion kinetics of amino acids may be regulated by gastric
emptying, which is closely linked to the physical properties
of the food matrix (96). It has been speculated that the yogurt
matrix may explain the reduced incidence of T2D in yogurt
consumers compared with milk and other dairy products
(3, 88). Further studies comparing yogurt with other fer-
mented dairy products are needed to confirm the unique
protective nature of the yogurt matrix against CMD. It
would also be of interest to identify processing techniques
that could enhance the physical structure of the yogurt ma-
trix to optimize its nutritional properties (94).

Role of Fermentation
Bioactive peptides, exopolysaccharides, and CLA are among
the beneficial compounds released during yogurt fermenta-
tion (97). Peptides can be released from protein through 3
known mechanisms: 1) hydrolysis with digestive enzymes
(e.g., pepsin, trypsin, and chymotrypsin), 2) fermentation
with proteolytic starter cultures, and 3) proteolysis with en-
zymes derived from microorganisms (98). Yogurt provides
all 3 opportunities for bioactive peptide release from milk
proteins as follows: 1) release occurs during fermentation

FIGURE 1 Suspected mechanisms of action responsible for yogurt’s protective cardiometabolic properties. ACE, angiotensin-converting
enzyme.
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of milk with yogurt starter cultures, 2) then the bacteria
themselves release enzymes that act on proteins in yogurt,
and 3) enzymes in the digestive tract further hydrolyze bio-
active peptides from proteins. Cell envelope–associated pro-
teinases contained in LAB are able to break down milk
protein into oligo-, di-, and tripeptides, which are then hy-
drolyzed into peptides and amino acids by endopeptidases
and aminopeptidases. These small peptides have alternative
transportation routes, allowing them to be absorbed quickly
and partially bypass gastrointestinal digestion (99). Once
absorbed, these bioactive peptides can directly exert phys-
iologic effects on cardiometabolic parameters. A recent
study using an in vitro gastric simulation model concluded
that milk fermented with lactic acid acted in a complemen-
tary manner to produce bioactive peptides with functional
health properties (100). Therefore, yogurt may have greater
potential for functional health properties, given the syner-
gistic relation between yogurt microorganisms and human
digestion. In one study, milk fermentation with commercial yo-
gurt LAB starters resulted in increased angiotensin-converting
enzyme (ACE)–inhibitory activity. Gly-Thr-Trp and Gly-
Val-Trp were specific ACE-inhibitory tripeptides identified.
The antihypertensive effects of these peptides were then vali-
dated with an animal model by feeding diluted whey protein
(peptide concentration 5 mg/mL) to spontaneously hyperten-
sive rats for 8 wk. There were significant reductions in systolic
and diastolic blood pressure in the treatment group com-
pared with the control group (101). Sequences of bioactive
peptides released from fermented milk made with traditional
yogurt cultures, Lactobacillus delbrueckii subsp. bulgaricus, and
Streptococcus thermophilus, have been characterized with anti-
oxidant (102), mucin-stimulating, ACE-inhibitory, opioid
(103, 104), and immunomodulatory properties (105). Similar
properties have been characterized in peptide fractions re-
leased from probiotic cultures (e.g., L. casei and L. helveticus)
in fermented milks (99).

The fermentation process increases the concentration of
CLA, potentially making yogurt a better source than milk;
however, the extent of this conversion depends on the milk
source (dairy cattle breed and animal diet), bacterial strain,
and supplemental ingredients (106, 107). For example, the
highest concentration of CLA was found by cofermenting
milk with S. thermophilus and L. acidophilus supplemented
with maltodextrin, resulting in a 38% greater concentra-
tion of CLA than a control (108). CLA is potentially a valu-
able health-promoting FA and may be more concentrated
in certain types of yogurt. The CLA content in yogurt can
be optimized during processing by selected LAB strains for
fermentation (109). Fermentation of milk into yogurt also
improves nutrient availability, increases the quantity of nutri-
ents, and enhances digestion and absorption of nutrients by
the host. Gut transit time is increased via activity of LAB spe-
cies that promote the formation of smaller curds and in-
creased viscosity (60). The decrease in the pH of yogurt
through fermentation creates an acidic environment that is
ideal for mineral absorption (110). Thus, there is a high

degree of absorbability of calcium in yogurt, which is of par-
ticular interest for lactose-intolerant individuals (60).

In addition to beneficial bacteria, milk contains oligo-
saccharides, which have a prebiotic role and favorably ma-
nipulate the gut microbiota by enhancing the growth of
beneficial species (bifidobacteria and lactobacilli) at the ex-
pense of potentially pathogenic species (clostridia, enterocci, eu-
bacteria, and enterobacteria). Although oligosaccharides
are only found in trace amounts in bovine milk (111), fermen-
tation with different cultures can produce a yogurt with
higher concentrations of fermentable oligosaccharides that
have the potential to provide prebiotic benefits (112). There
has been little characterization or quantification of bioactive
metabolites produced by different bacterial strains during
fermentation, and results are extrapolated to human health
rather than rigorously tested (99). Furthermore, little is
known about the doses of bioactive peptides or other fer-
mentation metabolites needed to induce a physiologic ef-
fect, but they likely act synergistically with the dairy
matrix (99, 113).

Effects on the Gut Microbiota
The trillions of bacteria colonizing the gut live in symbiosis
to assist digestion; however, the benefits of this relation ex-
tend well beyond intestinal function and have a profound
impact on energy homeostasis. Disruption to gut-microbial
balance, also known as dysbiosis, can promote obesity,
inflammation, and T2D (114). Obesity-linked dysbiosis
involves a shift in bacterial communities in the gut, character-
ized by a decrease in Bacteroides relative to that of Firmicutes,
which is known to promote low-grade inflammation (115).
Furthermore, this dysbiosis has been linked to greater energy
harvest from the diet and increased fat storage (65). Diet is a
key factor in obesity-associated gut dysbiosis and T2D (116).
It has been hypothesized that yogurt has positive effects on
the microbiota (21), which may contribute to its cardiometa-
bolic health benefits (117). However, the mechanisms linking
yogurt to gut health are largely based on the assumption that
all yogurts contain probiotic bacteria and that commercial
yogurts contain sufficient probiotics to exert a physiologic
effect. According to a consensus statement from the Inter-
national Scientific Association for Probiotics and Prebiotics,
probiotics should be defined as “live microorganisms that,
when administered in adequate amounts, confer a health ben-
efit on the host” (118). With that definition in mind, the Eu-
ropean Food Safety Authority supports that yogurt made
from cultures (S. thermophilus and L. bulgaricus) have dem-
onstrated effects for assisting lactose digestion (119) and
may be considered a probiotic for individuals with lactose in-
tolerance (118). However, the health benefits of these classic
yogurt cultures on CMDs or metabolic parameters are yet
to be established.

Yogurts made with alternate cultures and specific strains
such as Bifidobacterium lactis BB12 and L. acidophilus are
considered probiotic in some countries and are authorized
to carry nonspecific health claims indicating that the product
may help maintain the gut flora by providing organisms that
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are naturally found in the gut (120). Although it is unclear
what percentage of yogurts on the market are made with pro-
biotic cultures, the use of alternative or complementary cul-
tures is common practice in commercial yogurts regardless
of whether they are accompanied by health claims. Yogurt
provides an ideal vehicle for probiotics in food products. Pro-
biotic effects of these yogurts, however, are strain specific
(121, 122), and over the years, there has been speculation
about the broadly defined benefits of commercially available
probiotic yogurts (123). Furthermore, not all probiotic pro-
ducts disclose strain information and some need as many as
20 servings to be effective (124). Nevertheless, there are com-
mercial yogurts that can improve glycemic control and cho-
lesterol in individuals with diabetes when consumed on a
regular basis in doses as little as 0.5–2 servings/d (41, 125,
126). Epidemiologic studies have yet to distinguish between
yogurts made with classic, probiotic, or alternative cultures,
further limiting speculation about associations between yo-
gurt consumed (probiotic or not) and benefits to the micro-
biota. Further characterization of both classic and alternative
yogurt cultures is needed to establish potential probiotic ef-
fects, particularly on the gut microbiota.

Aside from probiotics, consuming yogurts with live cul-
tures may have important beneficial effects on maintaining
a healthy gut microbiota. There is a growing body of litera-
ture about the beneficial effects of live cultures, used in both
traditional and commercial foods. Fermenting foods with
live bacteria releases bioactive peptides and bacteriocins
from its food matrix (113). b-Casein–derived peptides re-
leased from fermenting milk with classic yogurt cultures
(L. bulgaricus and S. thermophilus) can promote goblet cells
to secrete mucin in vitro and in vivo (104). Enhancing the
intestinal mucosal layer contributes to protecting against
the colonization of pathogenic bacteria, acidic pH, luminal
proteases, and mechanical damage and reduces intestinal in-
flammation (127). Ingesting live bacteria can quickly metab-
olize simple carbohydrates producing lactate, acetate, or
propionate. Therefore, these bacteria can influence dietary
carbohydrate breakdown, potentially altering metabolic
outputs, and can provide substrates (i.e., lactate, acetate
and propionate) for resident bacteria growth. They may
also have direct effects on pathogenic bacteria abundance
by decreasing the pH, competing for niches, or producing
exopolysaccharides and bacteriocins (128).

Ingesting milk fermented with B. lactis, S. thermophilus,
L. bulgaricus, and Lactococcus lactis stimulated beneficial me-
tabolite production (butyrate) and decreased pathobionts
(40) that cause inflammation and compromise the intestinal
barrier function. Microbiota dysregulation and impaired gut
barrier function can contribute to low-grade inflammation
and altered metabolic function (glucose and lipid homeo-
stasis), leading to obesity and T2D (117). The benefits of
yogurt (made with cultures) on digestive health through
modulating enteric pathogens and regulating toxemia were
proposed more than a century ago by Nobel Prize winner
Elie Metchnikoff (129). Mechanisms explaining Metchnikoff ’s
hypothesis are only now starting to be elucidated, but research

in this area is nascent. Recently, Putt et al. (130) determined
that a commercial low-fat yogurt increased tight junctions
of an inflammation-disrupted intestinal barrier in a Caco-2
cell model, with greater bioactivity in the gastric phase than
the intestinal phase. Yogurt’s ability to restore inflammation-
induced intestinal barrier dysfunction in Caco-2 cells can
contribute to improving the pathology of diseases like
obesity (130).

The contribution of commercial yogurt consumption to
gut-microbial balance has not yet been adequately examined
in human models, but like other probiotics, yogurt would
need to be consumed on a regular basis in sufficient amounts
to confer any benefits. The shelf life of commercial yogurts
reduces the viability; however, bacteria may not need to be
viable throughout the entire digestive tract to provide health
benefits (131). This is evidenced by beneficial effects of yo-
gurt bacteria (S. thermophilus and L. bulgaricus) on lactose
digestion despite its poor viability (low abundance in fecal
matter) (60). Further research is needed to test the capacity
of commercially available yogurts, and not just probiotic spe-
cific strains, to contribute to gut-microbial balance. Given
the increasingly important role of gut microbiota in health
and disease (132, 133), particularly weight management
(60, 134), and the popularity, international accessibility,
and affordability of commercial yogurt and the potential
implications of yogurt in preventing gut dysbiosis and
improving gut health, this topic warrants immediate re-
search attention.

Functional Yogurt Nutrients
Protein, whey, and bioactive peptides
Bovine milk protein contains whey and casein in a 20:80 ra-
tio, providing an excellent concentrated source of high-
quality protein and essential amino acids. Unlike milk, how-
ever, the protein content of yogurt may be further enhanced
during the manufacturing process converting milk into a stan-
dardized commercially available yogurt. This process may in-
volve the addition (or substitution) of other milk-based
products such as milk powders, condensed milk, buttermilk
powder, milk protein concentrates, whey products, and ca-
seinates (135). The positive effects of yogurt on CMDs
(e.g., obesity, diabetes, and metabolic syndrome) have been
frequently attributed to the potential for yogurt to contribute
to satiety and subsequently reduce energy intake (69, 136).

Although few clinical studies have been conducted on the
impact of yogurt intake on CMD endpoints, some have
shown reduced energy intake after yogurt consumption
compared with fruit or dairy drinks (66) and chocolate
(67). It has also been reported that yogurt has a greater effect
on subjective appetite ratings than milk, cheese, or an isovol-
umetric quantity of water (137). The role of individual
yogurt components, particularly protein, on metabolic regula-
tory mechanisms has received much attention. The protein
content and composition of yogurt has been suggested to con-
tribute to appetite control by inducing gastrointestinal hor-
mone secretion, resulting in increased satiety, suppressed
short-term food intake, and diet-induced thermogenesis
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(138–140). Whey protein, known as a “fast protein,” is
quickly digested, leading to a rapid rise in plasma amino
acid concentrations that peaks 40 min to 2 h after its con-
sumption and returns to basal levels after 3–4 h. In contrast,
the casein fraction, known as a “slow protein,” clots in the
stomach under acidification and results in lower amino acid
concentrations that increase at a slower rate but maintain a
plateau over a period of $7 h after its consumption (141).

Yogurt can contribute to satiety and reduced food intake
in part through its whey protein content. The satiating
effects of isoenergetic whey protein isolate (WPI), glycoma-
cropeptide, and maltodextrin carbohydrate were previously
compared in preload drinks given 120 min before a test
meal. Food intake was significantly lower in the WPI and
glycomacropeptide groups than the carbohydrate group,
and the WPI was more satiating than the carbohydrate con-
trol (142). Other studies have also demonstrated short-term
satiety-inducing effects of protein-rich yogurt (143) and in-
tact whey protein (138). The satiety-inducing effects of
whole whey proteins are thought to be driven by postpran-
dial increases in circulating amino acids and plasma chole-
cystokinin and glucagon-like polypeptide-1 (144). Of whey
proteins, tryptophan-rich a-lactalbumin is specifically
thought to increase satiety and reduce appetite and food
intake (145). An a-lactalbumin–supplemented breakfast
was associated with significantly lower energy and food in-
takes in an ad libitum lunch 3 h later than breakfasts supple-
mented with casein, soy, or whey (without glycomacropeptide)
proteins. It has been proposed that a-lactalbumin, which
is rich in tryptophan and low in large neutral amino acids,
can promote secretion of serotonin, influencing food in-
take (146).

Whey protein in yogurt could be responsible in part for
the protective effects on T2D risk. Consuming small
amounts of whey protein before a meal has been suggested
to help control plasma glucose through both insulin-
dependent and insulin-independent mechanisms. Indepen-
dent mechanisms are based on whey protein’s effect on the
gastrointestinal hormones regulating stomach emptying, in-
cretins that potentiate insulin efficacy, and the gastric-
emptying rate before a meal (139). Indeed, whey proteins
have been shown to increase insulin secretion in T2D
(147). Studies have reported that administering whey protein
170–300 min before a meal can reduce glucose responses and
increase insulin and incretin responses (138, 139, 148). These
findings demonstrate that even small amounts of whey can
help control glycemia independently from changes in insulin
secretion or clearance. The potential mechanism underlying
this effect appears to involve the release of glucagon-like
polypeptide-1 and peptide tyrosine-tyrosine, which is associ-
ated with a lower premeal gastric-emptying rate (139). These
mechanisms are plausible but have yet to be substantiated, be-
cause nutrients that may be responsible for satiety (e.g., whey
proteins) have not been consistently demonstrated clinically
or have only been demonstrated in animal models. It is uncer-
tain whether a single standard portion of commercial yogurt
contains adequate whey to have a physiologic effect on satiety

or blood glucose regulation. Furthermore, yogurt may simply
act as a replacement for energy-dense foods (136).

Bioactive peptides that affect cardiac health are released
from milk proteins during digestion and are also present
in yogurt (145). These peptides contain between 2 and 20
amino acids and, depending on their sequence, may possess
hormone-like activity as regulatory compounds exerting an-
tihypertensive, antimicrobial, antithrombic, immunomodu-
latory, and hypocholesterolemic effects (149, 150). Known
sequences of peptides derived fromwhey (e.g., b-lactoglobulin,
a-lactalbumin, and lactoferrin) and casein (e.g., b-casein,
k-casein, and a-casein) proteins have specific health effects
(Figure 2) (145).

ACE-inhibitory peptides are the most widely studied bio-
active peptides in milk and fermented milk (98, 150). ACE-
inhibitory activity has been identified in >50 sequences of
bioactive peptides derived from casein, which are thought
to be responsible for the hypotensive properties of dairy,
particularly the tripeptides iso(leucine)-proline-proline and
valine-proline-proline (129, 149). A meta-analysis of 30
randomized clinical trials investigating the effects of lacto-
tripeptide ingestion on blood pressure suggested that they
may be a positive treatment for blood pressure, particularly
for Japanese individuals; however, inconsistencies between
studies generated through a strong publication bias should
be considered (151). Although an overall inverse associa-
tion between dairy intake and hypertension has been ob-
served (152), this effect has not been consistently found
in the yogurt dairy subgroup (153). It should be noted
that although the ACE-inhibitory mechanisms of bioactive
peptides have been widely investigated and provide a case
for yogurt’s antihypertensive effects, the doses used in clin-
ical trials are likely much higher than could be consumed
from yogurt, leaving us to question its clinical relevance.
Nevertheless, ACE-inhibitory bioactive peptides have been
characterized in many fermented dairy (yogurts and cheeses),
some of which have been described as having moderate to
high activity, but antihypertensive effects of these peptides
have yet to be confirmed in relevant animal models, and even-
tually in human studies (99).

Bioactive peptides from dairy proteins may also play a
role in metabolic regulation and contribute to improve insu-
lin sensitivity. Indeed, glycomacropeptide generated from
k-casein has been reported to prevent high-glucose–induced
insulin resistance in HepG2 liver cells (154), to reduce lipid
accumulation and enhance antioxidant properties in obese
rats (155), and to improve CVD risk markers in humans
(156). Moreover, glycomacropeptide is a bioactive peptide
with demonstrated prebiotic effects that has the potential
to modulate proteobacteria in the gut, promoting growth
of beneficial bacteria in mice (157), which may contribute
to gut health and reduced metabolic endotoxemia, resulting
in lower risk for obesity-linked CMDs. To our knowledge,
the characterization of bioactive peptides from different
strains of yogurt cultures has not been thoroughly studied
and the physiologic doses of peptides in humans remain un-
known. The ability of bioactive peptides derived from milk
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proteins to reduce cardiometabolic risk is plausible, but
without further research, we can only speculate that yogurt
consumption contributes to CMD protection through
mechanisms that involve bioactive peptides.

FAs
The nature of lipids in yogurt is almost identical to its milk
source but may vary slightly in both quality and composi-
tion depending on various factors related to the origin of
the milk. The dairy cow breed, its feed, lactation stage,
and nutritional status affect the lipid composition (158).
Milk contains ~3% PUFAs, 25% MUFAs, and 72% SFAs.
Dairy products are a natural source of medium-chain fatty
acids (MCFAs), which account for 7–8% of total FAs in butter,
milk, yogurt, and cheese (159). MCFAs (4:0 to 12:0) are pref-
erentially hydrolyzed by lipase into diacylglycerides, absorbed,
and transported via the portal vein to the liver, where they un-
dergo b-oxidation. Long-chain SFAs, on the other hand, are
packaged into chylomicron TGs and enter the systemic circu-
lation through the lymphatic system and are likely stored
(160, 161). These differences in metabolism make MCFAs a
source of rapid energy that is not likely to be deposited as
fat in the body (162, 163), and they likely explain its beneficial
effects on weight control and body composition (164, 165).

Long-chain SFAs (lauric acid, myristic acid, palmitic acid,
and stearic acid) found in milk have unique profiles and can
have contrasting effects on cholesterol (166). As a group,
long-chain SFAs are known to increase total cholesterol;

however, the magnitude and increase differs in action on ei-
ther LDL or HDL cholesterol. According to a meta-analysis
of 60 controlled trials, when carbohydrates are replaced with
SFAs, lauric acid is a potent cholesterol increaser, but this is
largely attributable to its ability to increase HDL cholesterol
and decrease the total:HDL cholesterol ratio. Other long-
chain SFAs have similar, albeit not as potent, effects on
HDL cholesterol when replacing carbohydrates, which may
be related to their chain length (167). Replacing carbohy-
drates with long-chain SFAs (lauric acid, myristic acid, pal-
mitic acid, and stearic acid) also increases serum TG
concentrations (167). The mitigating effects of different indi-
vidual SFAs on cholesterol may suggest that the SFAs typically
found in yogurt have neutral effects on certain cardiometa-
bolic risk factors such as total:HDL cholesterol ratios, al-
though this remains to be confirmed by RCTs in humans
or preclinical studies in relevant animal models.

A growing number of studies suggest that dairy MCFAs
may exert protective effects against CMDs. Diets containing
MCFAs have been reported to exert antidiabetic effects in
both animals and humans. Researchers have observed im-
proved glucose tolerance and protection against insulin re-
sistance (168, 169) and preserved insulin action in skeletal
muscle and adipose tissue (170) in rats and humans (171,
172). Indeed, increased insulin-mediated glucose metabo-
lism was found in both diabetic and nondiabetic subjects
consuming medium-chain compared to long-chain SFAs
(171). Although the molecular mechanisms have not yet

FIGURE 2 Potential physiologic effects of bioactive yogurt peptides. ACE, angiotensin-converting enzyme.
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been delineated, it was suggested that bioactive lipids, in-
cluding MCFAs, could increase adiponectin and lipolysis
and enhance insulin sensitivity, thus alleviating insulin resis-
tance (173). Improved glucose tolerance in rats fed a
medium-chain TG diet has also been attributed to higher se-
rum adiponectin through transcriptional activation of the
adiponectin gene (169). Given the increased availability of
whole-milk yogurts, understanding the relation between
dairy fat and weight regulation is important for health pro-
fessionals to make appropriate dietary recommendations.

Mechanisms explaining the inverse association between
high-fat yogurt and CMD risk may also implicate the bioac-
tive properties of specific dairy fats such as CLA (174). In-
deed, several animal studies have consistently demonstrated
antiobesogenic effects of CLA (175–178). CLA has been re-
ported to improve glucose tolerance (178), to decrease diabe-
tes onset in rats (179), and to improve metabolic parameters
in human subjects with T2D (180). Other bioactive lipids pre-
sent in dairy can exert metabolic properties. For example,
vaccenic acid was reported to improve blood lipids via activa-
tion of PPARa and PPARg expression in rats (181). Phytanic
acid, another bioactive fat produced by ruminant animals, has
been reported to act as an agonist of PPARa, PPARg, and also
retinoid X receptor pathways, triggering uncoupling protein
1 expression in brown adipose tissue, which was associated
with an improvedmetabolic profile and increased insulin sen-
sitivity in mice (174, 182–184). Butyric acid is a 4-carbon
SCFA found in milk fat but is best known for its presence
in the colon as a by-product of microbial fermentation. Stud-
ies in animal models have shown that butyric acid can improve
insulin sensitivity and increase thermogenesis, protecting
against diet-induced obesity and insulin resistance (163, 185).
Although the current intake of yogurt in a typical diet likely
does not provide sufficient quantities of any specific bioactive
lipid capable of inducing a physiologic response, bioactive lipid
species may act in concert to improve energy balance and glu-
cose and lipid homeostasis (namely through activation of
PPAR pathways) (174). There is a conceptual basis for the
health benefits of MCFAs and CLA found in yogurt, but the
mechanisms involved have largely been investigated in animal
models and remain to be validated in humans. Furthermore,
these mechanisms may not be relevant to individuals who con-
sume low-fat yogurt and are not relevant for those who con-
sume nonfat yogurt.

Calcium
Calcium concentrations in the blood are not directly affected
by dietary calcium but are modulated by hormonal re-
sponses and vitamin D that help maintain a constant narrow
range in the circulation. Yogurt provides a good source of di-
etary calcium and vitamin D (in fortified yogurt). Its intake
influences vitamin D and hormonal responses, thereby con-
tributing to the regulation of intracellular calcium concentra-
tions. Groups with high dairy consumption have a lower risk
of developing T2D than those who do not consume dairy
(186). It remains plausible that the contribution to dietary
calcium intake from yogurt consumption (~20% of DRIs)

plays a role in glucose and insulin regulation. It is also possible
that calcium plays an indirect role in preventing T2D through
mechanisms related to reducing nutrient deficiencies, con-
trolling hypertension (187), managing adiposity (188), and
reducing systemic inflammation (189).

Pittas et al. (189) outlined several mechanisms whereby cal-
cium influences glucose tolerance through 1) improved release
of insulin from pancreatic b cells, 2) improved insulin action,
and 3) modulation of cytokines to reduce systemic inflamma-
tion (189). Regarding the first mechanism, insulin secretion
is a calcium-dependent process (189) and hypocalcemia has
been associated with impaired insulin release (190, 191). In vi-
tamin D–depleted rats, calcium repletion was able to normal-
ize glucose tolerance and insulin secretion (192), whereas
patients who were resistant to 1,25-dihydroxyvitamin D
(1,25-OH2D) were prone to abnormal insulin secretion if
they were also hypocalcemic (193). Pittas et al. (189) specu-
lated that inadequate calcium or vitamin D intake modifies
the intracellular or extracellular calcium equilibrium, poten-
tially interfering with insulin release in response to a glucose
load. Calcium concentrations can also affect insulin action
through various pathways, including the regulation of intracel-
lular calcium ion concentrations (189); an optimal range of
the calcium ion concentration is important to maximize
insulin-mediated glucose transport in adipocytes (187). Both
vitamin D and calcium influence characteristic mechanisms
modulating the development of insulin resistance and T2D
(189) such as intracellular insulin signaling and AMP-
activated protein kinase pathways, both of which are involved
in the regulation of muscle glucose metabolism (194–196). Al-
though yogurt is an excellent source of calcium, only fortified
yogurts contain vitamin D.

A calcium-deficient diet induces adaptive mechanisms to
maintain extracellular calcium concentrations (197). The
impairment of intracellular calcium flux is a fundamental
underlying factor for both hypertension and obesity (187).
Low dietary calcium results in less calcium absorption in
the gut and decreased extracellular calcium concentrations,
which activates an increase in parathyroid hormone and
1,25-OH2D (197).

Observational studies have provided conflicting results
between the relation between yogurt consumption and hy-
pertension (13, 49, 198, 199), leading to the suggestion
that yogurt has a neutral effect on blood pressure (17). How-
ever, consuming 3–4 portions of dairy, in combination with
adequate fruits and vegetables, has antihypertensive effects
(200), which are thought to be a result of adequate intakes
of calcium (201). The DASH (Dietary Approaches to Stop
Hypertension) Trial diet promotes adequate dairy consump-
tion within the context of a diet rich in fruit and vegetables
as a nonpharmacologic approach to reducing hypertension
(202, 203). The beneficial effect of calcium intake on hyper-
tension is thought to be superior when calcium is derived
from dairy sources than from calcium supplements (204).

The exact mechanism by which dietary calcium is in-
versely related to hypertension is poorly understood and
has yet to be substantiated (205). Nevertheless, it has been
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postulated that inadequate calcium intake activates parathy-
roid hormone and 1,25-OH2D. Promotes an increase in cy-
tosolic calcium concentrations that increase contractile tone
in vascular smooth muscle, causing vasoconstriction and
promoting hypertension (197, 206, 207). Another potential
mechanism is that calcium may indirectly promote endo-
thelial NO synthase activity and NO-mediated vasodilation,
increasing insulin secretion or action. Indeed, endothelial
NO synthase expression and activation is defective in hyper-
tensive individuals, and this is believed to contribute to ele-
vated blood pressure (208).

The potential role of calcium in obesity prevention and
weight maintenance is thought to be crucial (209) and to in-
volve pathways related to energy regulation and lipid storage
(204). Low dietary calcium, as mentioned previously, is pre-
sumed to modulate the presence of 1,25-OH2D, which in
turn influences intracellular calcium concentrations in vari-
ous cells (including in adipocytes). Increases in intracellular
calcium promote TG storage in adipocytes by stimulating
lipogenesis and inhibiting lipolysis (204, 210). Low calcium
intakes may decrease fat mobilization and utilization (54),
particularly during caloric restriction (211). A diet rich in
calcium would, however, have an antiobesogenic effect by
decreasing FA synthesis and increasing lipolysis (204). Fur-
thermore, calcium has been found to promote fecal FA ex-
cretion via the formation of insoluble calcium soaps with
FAs. Although this effect has been demonstrated clinically,
it is very modest (204). Although it contributes to a net re-
duction in energy balance, fecal fat excretion remains very
small (7.4% compared with 6.8%), and it is unclear whether
this is sufficient to promote clinically relevant weight loss
(204). However, a meta-analysis of 13 calcium supplemen-
tation (dairy and supplements) RCTs measuring fecal fat
loss concluded that increasing dairy calcium in the diet
to 1241 mg/d resulted in a 5.2-g increase in fecal fat loss
compared with a diet low in dairy calcium (<700 mg/d)
(212). In diets with high dairy intake (;1200 kcal/d), fecal
fat loss would represent a reduced intake of ~50 kcal/d,
which may promote weight stability and prevent weight
regain (212).

Perspectives on the Research Agenda and
Future Challenges
Yogurt is a nutrient-rich fermented dairy product that is
part of a healthy diet and lifestyle. Yogurt should be pro-
moted, along with nuts, fish, fruits, and vegetables, within
healthy dietary patterns, food-based dietary guidelines,
and therapeutic diets such as the Dietary Approaches to
Stop Hypertension Trial diet to prevent CMDs (42). How-
ever, current evidence stemming from either animal models
or clinical studies is not yet sufficient or strong enough to
support yogurt-specific recommendations for the preven-
tion of CMDs such as obesity and diabetes. Further experi-
mental and clinical studies are clearly needed to demonstrate
the impact of yogurt intake on relevant health parameters
and key CMD risk factors. To establish yogurt-specific rec-
ommendations, an ambitious research agenda is needed.

Research priorities to validate the health benefits of yogurt,
identify the mechanisms, and determine an appropriate
dose could be summarized as follows:

1) Conduct clinical studies that support the overwhelming
observational evidence on yogurt and reduced incidence
of T2D. These studies should include investigating the
short-term effects of yogurt consumption on blood glu-
cose control and long-term effects of regular yogurt in-
take on prediabetes and T2D development. Ideal studies
would use appropriate controls to compare yogurt sup-
plementation to a nutritionally equivalent food and
usual dietary intake. Similar studies are warranted for
other cardiometabolic risk factors that contribute to
the metabolic syndrome (e.g., adiposity, blood pressure,
or blood lipid profiles).

2) Investigate the effects of yogurt cultures on gut-
microbial balance, metabolic endotoxemia reduction,
inflammation, and metabolism regulation. Testing
whether live yogurt cultures are capable of influenc-
ing positive changes to the gut-microbial balance or
whether the effects are strain specific and limited to
probiotic cultures is important. Animal studies may
be best suited to testing numerous types of yogurt cul-
tures within relatively short periods before conducting
clinical studies that have high participant burden and
are costly. Given the importance of the gut microbiota
in the development of obesity and T2D, a better under-
standing of how an everyday product like yogurt can
contribute to gut microbiota and intestinal health war-
rants attention.

3) An in-depth examination of the yogurt matrix is
needed to distinguish it from other foods with similar
nutrient compositions. Animal studies (and when
possible, clinical studies) should use appropriate nutrient
equivalent controls to yogurt (e.g., milk or acidified milk)
to test that beneficial effects are not limited to the nutri-
ent composition of yogurt.

4) Strain-specific effects of yogurt cultures on the pro-
duction of bioactive nutrients are important for iden-
tifying the best cultures to produce quality commercial
products. Metabolomics will be useful to characterize
and quantify bioactive nutrients in yogurt produced
by specific strains, followed by the establishment of
physiologic doses.

It is important to emphasize that further research is not
needed to establish yogurt as a nutrient-rich dairy product
that can be consumed on a regular basis for good nutritional
health. However, the research priorities mentioned above
would help to establish whether yogurt-specific recommen-
dations for particular health parameters and diseases are
warranted. Some of these priorities are feasible and can be
conducted with relative ease (e.g., clinical trials for insulin
resistance regulation). However, other priorities, such as de-
termining the physiologic doses of bioactive nutrients in yo-
gurt or examining effects of yogurt on the gut microbiota,
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are complex and would require a series of multiple comple-
mentary experiments or may depend on field-specific tech-
nological advances.

Challenges and recommendations for preclinical
studies in animal models
The advantage of testing and validating mechanisms on an-
imal models is the ability to have a reasonable degree of con-
trol over environmental and genetic factors, which are not
possible to fully control in clinical studies (213). Animal
models further allow matching for key dietary factors (per-
centage of lipids, proteins, and carbohydrates), better con-
trol of dosage of the yogurt matrix (e.g., through gavage),
and examination of the underlying mechanisms of action
of yogurt in more detail than a clinical investigation. The
impact of yogurt intake on insulin resistance in a high-fat
feeding or genetic model of obesity and T2D can be ascer-
tained using tracer-coupled hyperinsulinemic-euglycemic
clamp studies. Both glucose uptake and production
by insulin target tissues can be used to define molecular
mechanisms through determination of insulin signaling in-
termediates in such tissues (214). This is key for several rea-
sons, particularly to ensure that the gut microbiota is stable
and consistent between experimental animals, which is nor-
mally achieved after 1 wk of adaptation to a new animal facil-
ity. However, it is also known that animals kept in different
animal facilities carry different microbiota, and this limita-
tion must be considered when preclinical studies investigating
the impact of diets or dietary factors in different locations are
compared. Developing diets for laboratory animals that closely
resemble human dietary patterns should also be considered to
emulate the day-to-day human diet rather than use traditional
nutrient-focused diets currently and widely used for animal
studies. To better illustrate one obvious limitation of most
animal studies investigating the impact of any food compo-
nents on CMDs, casein is by far the predominant (if not
the only) source of dietary protein used in such studies. Yogurt
studies in animal models are scarce and, unfortunately, are lim-
ited by the fact that a dairy protein, casein, is the common
protein source used in control diets (215). In order to be
closer to the human reality, it is recommended that investiga-
tors include more human-relevant protein sources in animal
diets, especially meats, poultry, and eggs.

Challenges and recommendations for clinical
intervention studies in humans
RCTs that consider specific criteria are needed to establish
the effects of a potential yogurt intervention on various
health parameters and in various populations, including chil-
dren, healthy individuals, and vulnerable individuals such as
those with obesity or T2D. These studies would need to
include a sufficient sample size, various types and quantities
of yogurt, a suitable control, and important biomarker mea-
surements to assess potential hormonal mechanisms in hu-
mans. To our knowledge, most clinical studies have examined
the effects of yogurts with added probiotics (216, 217) or

supplemented yogurts (218) compared with plain (traditional)
yogurt and have not used an appropriate control to assess the
effects of conventional yogurt. These studies investigate the po-
tential of yogurt as a vector for functional ingredients (e.g., an-
tioxidants, probiotics, or vitamin D) rather than a nutrient-rich
food with a unique matrix containing live cultures. The few
RCTs that have investigated the impact of yogurt are difficult
to compare because they tend to use different routes of ad-
ministration, study populations, experimental procedures,
indicators of gut microbiota health, strains of LAB, and con-
trols (219). Furthermore, given the short duration of most
RCTs and the limitations to sample size, the dose of yogurt ad-
ministered would likely need to be greater than the amounts re-
ported to be associated with lower body weight and T2D
incidence in prospective cohort studies.

Conclusions
Given the limitations presented above, the ideal experimen-
tal design to validate yogurt’s role and mechanisms of action
on CMD prevention would consist of a multistep proof-of-
concept study based on strong epidemiologic studies, well-
standardized laboratory experiments in relevant animal
models using humanized diets, and proof-of-concept hu-
man studies and clinical trials. An appropriate placebo for
yogurt would be similar in texture, viscosity, and nutrient
composition but would be absent of viable yogurt bacteria
and fermentation metabolite products resulting from their
activity. Together, the results of such studies would represent
the best opportunity to provide a global validation of yo-
gurt’s role in preventing CMD and would lead to the iden-
tification of the specific mechanism(s) responsible for the
purported beneficial health effects of yogurt.

Of the individual yogurt components, calcium, protein,
bioactive nutrients, and live cultures are likely among the
primary factors responsible for the beneficial effects of yo-
gurt on CMD risk factors, but the individual and synergistic
roles of these nutrients within the food matrix also must be
examined. Animal data would provide the most relevant and
robust outcome to design quality RCTs with appropriate
control groups. Overall, this multistep research strategy
should eventually reveal the direct role of yogurt on cardio-
metabolic health, above its already demonstrated role as a
dietary marker of a healthier lifestyle.
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