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Abstract

Fermented dairy foods such as yoghurt and cheese are commonly found in the Mediterranean diet. Recent landmark research has
confirmed the effect of the Mediterranean diet on reducing the CVD risk, but the relative contributions of fermented dairy foods have
not been fully articulated. The present study provides a review of the relationship between fermented dairy foods consumption and
CVD risk in the context of the whole diet. Studies show that people who eat healthier diets may be more likely to consume yoghurt,
so there is a challenge in attributing separate effects to yoghurt. Analyses from large population studies list yoghurt as the food most
negatively associated with the risk of weight gain (a problem that may lead to CVD). There is some suggestion that fermented dairy
foods consumption (yoghurt or cheese) may be associated with reduced inflammatory biomarkers associated with the development of
CVD. Dietary trials suggest that cheese may not have the same effect on raising LDL-cholesterol levels as butter with the same saturated
fat content. The same might be stated for yoghurt. The use of different probiotic cultures and other aspects of study design remain
a problem for research. Nevertheless, population studies from a range of countries have shown that a reduced risk of CVD occurs with
the consumption of fermented dairy foods. A combination of evidence is necessary, and more research is always valuable, but indications
remain that fermented dairy foods such as cheese and yoghurt are integral to diets that are protective against CVD.
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The landmark Prevencion con Dieta Mediterranea (PRE-
DIMED) study confirmed that the Mediterranean diet reduces
the risk of CVD by about 30% . The diet is a composite of
foods, so understanding the contribution of each food group
is important. The interdependence between individual
foods, their significant nutritional components® and the
total diet will need to be considered. There is a wide range
of foods with different compositions in the dairy products cat-
egory, but fermented dairy foods such as yoghurt and cheese
are commonly found in the Mediterranean diet'”. The relative
contributions of fermented dairy foods in reducing the CVD
risk have not been fully articulated in the scientific literature.

The association between fermented dairy foods consumption
and reduced cardiovascular risk appears in a number of ways.
For example, observational research has shown that yoghurt
consumption is negatively associated with weight gain, and
cheese has a more neutral effect®. Other studies have demon-
strated that fermented dairy products have anti-hypertensive
effects™, and a number of small trials have shown that
cheese intake does not have the same effect on cholesterol
levels compared to that of butter'®. Thus, the consumption of
fermented dairy foods, in particular yoghurt and cheese, may
contribute substantively to the prevention of CVD risk. The

present study provides a review of the association between

Abbreviations: DGAI, Dietary Guidelines Adherence Index; EPIC, European Prospective Investigation into Cancer and Nutrition; HR, hazard ratio;
PREDIMED, Prevencion con Dieta Mediterranea.
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fermented dairy foods consumption and CVD risk in the
context of the whole diet.

Fermented dairy foods, body weight and CVD risk

Excess body weight is a risk factor for CVD and excessive
energy intake from food is a significant cause of obesity.
The consumption of fermented dairy foods may have a
primary preventive effect on CVD by supporting the develop-
ment of a healthy body weight. One of the proposed
mechanisms for this effect is through supporting a healthy
gut microbiota. Animal model experiments suggest that a
‘leaky’ gut wall is implicated in the development of obesity
and associated basal inflammation'”, adding to the under-
standing of the links between inflammation and central
obesity with the development of CVD®. Much of the research
on this topic has focused on yoghurt consumption. In a recent
review, Marette & Picard-Deland® argued that the early
introduction of yoghurt into the diets of children was
important in establishing a microbial community that supports
long-term health. More research is needed, but in the first
instance, yoghurt can deliver essential nutrients with high
bioavailability and relatively low energy density.

The energy value of yoghurt may be a problem if the energy
content of the diet is not managed, particularly with high-fat
varieties and with added ingredients such as sugar. This
problem was demonstrated in a trial from Spain involving
students supplemented with whole-fat or low-fat milk and
yoghurt. In the present study, supplementation with whole-
fat products increased weight significantly compared to the
low-fat supplements (1-2kg, 95% CI 05, 1-8; P=0-007)"".
Here, forty-five students were asked to consume usual diets
(substituting dairy foods) and additional efforts were not
made for reducing the energy intake. Thus, the ‘free-living’
nature of the study demonstrated how the fat content of the
dairy supplements acted as a passive source of additional
energy when other parts of the diet were not considered. Like-
wise, providing advice to consume low-fat dairy products may
not achieve the intent of reduced energy intakes. In one
analysis of trial data, we found females changed their dairy
choices to consume higher carbohydrate dairy foods (notably
fruited yoghurt), creating no energy deficit, whereas males
simply reduced dairy food intake with negative consequences
for overall nutritional intakes"'". A similar finding emerged
from a 24-week randomised controlled trial involving ninety-
three families with 4-13-year-old children. In this case,
advice to consume low-fat dairy products achieved reductions
in saturated fat intake, but not energy intakes or body
weight'?
of the relationship between dairy foods consumption and
body weight, particularly given the range of different foods
in the category™>'®. Thus, it was not surprising that a meta-
analysis of randomised controlled trials failed to show
weight loss effects of dairy foods consumption in the absence

of energy restriction and that significant heterogeneity was
as

. Systematic reviews acknowledge the complexity

found in the evidence base
Observational studies may provide a more consistent
picture but are limited by residual confounding. In a

cross-sectional analysis of data from two cohorts related to
the Framingham Study, yoghurt consumers were found to
have higher scores for the Dietary Guidelines Adherence
Index (DGAD and higher intakes of key micronutrients than
5 K and fibre intakes were
significantly higher for high yoghurt consumers compared to

non-consumers of yoghurt

low yoghurt consumers (Pyepng < 0:001 and Pyepg < 0:002
respectively, adjusted for covariates and DGAI score). This
places yoghurt consumption in the context of a healthy diet,
from which benefits are likely to occur. The challenge lies in
accounting for the contribution of yoghurt itself.

A much larger study was conducted with data combined
from three prospective studies of 22557 men and 98320
women in the USA examining the association between
changes in food/beverage consumption and body weight®.
In this analysis, yoghurt consumption was
associated with a 4-year weight gain (—0:82, 95% CI —0-99,
—0-671b; P<0-001), adjusted for age, baseline BMI, and
numerous lifestyle and other dietary factors. Both the Framing-

negatively

ham study and the present study implicate yoghurt consump-
tion as a significant contributory factor in delivering effects of
a healthy diet.

As suggested earlier, one of these effects may be ameliorating
the impact of inflammation associated with obesity. For
example, in a cross-sectional analysis of the ATTICA study
(n 3042 Greek adults), inverse associations were found
between markers of inflammation (C-reactive protein, IL-6
and TNF-o) and consumption of dairy products in general®,
Compared to those consuming fewer than eight servings per
week, significant reductions were found between those
consuming between eleven and fourteen serves per week
(P<0-05) and the differences were even greater for those con-
suming more than fourteen servings per week (P<0-0D).
Although the analysis focused on dairy foods as a group, a
greater proportion of the cohort reported consumption of
fermented dairy foods such as feta cheese (93 %), hard yellow
cheese (92 %) and low-fat yoghurt (50%) compared to low-fat
milk (46 %).

More focus on fermented dairy foods is needed in order
to expose the individual food effects from within the food

category'”.

For example, in a 3-week crossover study
comparing the effects of dairy foods categorised as low-fat
(milk/yoghurt), fermented (yoghurt/cheese) or non-fermented
(butter/cream/ice cream), the concentrations of IL-6 were
significantly lower on the low-fat or fermented dairy diet
than on the non-fermented dairy diet (P<0-05"”. The
authors cautioned that a number of biomarkers should be
considered not least because the disease itself has many
facets. A single biomarker is insufficient for addressing the
CVD risk, rather multiple biomarkers and studies with clinical
endpoints are required'®.

In summary, fermented dairy products have the potential to
assist in maintaining a healthy weight, support the integrity of
the gut and ameliorate the effects of basal inflammation to
reduce the CVD risk. For effects to be realised, energy intakes
need to be compatible with a healthy weight.
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Fermented dairy foods, lipids and CVD risk

While the fat content of dairy foods may be at issue for weight
management, evidence linking dietary SFA to high LDL levels
has implicated dairy food consumption with an increased risk
of CVD. Cheese is a fermented dairy food with a high SFA
content. A recent review on dairy foods and CVD risk""”
examined nine trials addressing this issue and concluded
that cheese may not increase LDL-cholesterol to the same
extent as butter compared with a lower SFA diet"'”. In the
same review, fifteen studies were considered on the effects
of fermented milk and yoghurt. These produced little
evidence that conventional starter cultures (Lactobacillus
bulgaricus and Streptococcus thermophilus) lower LDL-
cholesterol or TAG or raise HDL-cholesterol. The main
problem with the evidence base was the choice of controls
and presence of confounding. In addition, the use of different
probiotic bacterial strains made comparisons difficult™?
Others have arrived at a similar conclusion® arguing the
need to control for energy and macronutrient intakes, to deter-
mine appropriate bacterial concentrations and to consider the
blood lipid status of subjects.

Whether effects on lipids translate to reductions in the CVD
risk can be considered with studies of disease end points. At
least one study involving a dose—response meta-analysis has
confirmed no significant associations between the consumption
of dairy food products (per 200g daily) and CHD?. In their
review of epidemiological studies, Huth & Park” found no
evidence of a consistent association between intakes of dairy
products generally or cheese specifically, and increased risk
of CVD. Given the range of foods in the dairy category, vari-
ations in total diet and other lifestyle/environmental factors,
the problem of residual confounding must be considered. In
another review, Gibson et al*" argued that problems also
include bias in the study design, in particular the lack of adjust-
ments for socio-economic and educational factors.

It is possible that yoghurt consumption may interfere with
cholesterol synthesis (via increased SCFA) or reduced
reabsorption of bile acids, but studies are required to confirm
the hypothesis®. Different bacterial strains appear to have
different cholesterol-lowering properties, but the bacteria
need to be able to survive the gut and colonise the intestine
(i.e. have a probiotic effect). Reviews have argued the anti-
hypertensive effects of milk fermented with Lactobacillus
belveticus that may be due to the angiotensin-converting
enzyme inhibition from peptides”, and the effect of cheese
may be a response to the Ca content or peptides produced
during fermentation® .

New technologies provide other ways to investigate poss-
ible effects of dairy products on reducing the CVD risk. In
the main Syracuse cohort (1 587), arterial stiffness was
assessed with measures of carotid—femoral pulse wave
velocity and pulse pressure‘®®. Statistically significant negative
linear trends were observed for both these variables with an
increasing dairy food intake (P<0-01). No associations were
detectable for between carotid—femoral pulse wave velocity
and different categories of dairy foods such as milk, cheese,
and yoghurt (P>0-30), but the sample was small and the

intakes were highly variable. Milk was most commonly
consumed, then cheese (two to four times per week), and
yoghurt less frequently. In contrast, a study of >1500 older
women in Perth, Australia, showed a negative association
between yoghurt consumption and common carotid
artery intima-media thickness (CCA-IMT) (standardised
B = —0-075, P=0-015). This was not the case for cheese,
milk or total dairy food intake (P>0-05). The difference
between those who consumed >100g/d compared to those
with lower consumptions was still significant even after adjust-
ments (CCA-IMT,g = — 0-023 mm, P=0-003)**. Clinical trials
are required to confirm the apparent protective effect of
yoghurt consumption on intima media thickening of the
carotid artery, at least in women.

In summary, components in fermented dairy foods may
help to reduce the risk of CVD by interfering with cholesterol
pathways((’) or they may have antihypertensive properties™,
and possibly more local positive effects on the arterial
wall®®. More randomised controlled trials are required as
@Y but the picture is
becoming clearer. As with the weight management, the contri-
bution of fermented dairy products to reduced CVD risk is
likely observed in the context of a healthy diet.

associations do not prove causality

Fermented dairy food and CVD risk in
different dietary contexts

The emphasis on positioning individual foods in healthy diets,
rather than studying them in isolation, is a major shift in
research, but it allows for more natural exposure of effects.
There are limited reports in the scientific literature on healthy
diets, with the exception of the Mediterranean diet. Indeed,
there is global recognition of the Mediterranean diet within
United Nations Educational, Scientific and Cultural Organiz-
ation’s Intangible Cultural Heritage list, expanding the
appreciation of the diet to that of local and global values®.
The PREDIMED study'” provided a sound scientific basis for
setting the Mediterranean diet as a platform for quantifying
the impact of diet on reducing the risk of CVD. The next
step is confirming the types of foods that together constitute
protective effects.

Populations consume foods available within regions. Given
the evidence on the effect of the Mediterranean diet, studies
from Europe provide a good starting point for reviewing the
protective effects of fermented dairy foods. In a nested
cohort study (7 16835) of the European Prospective Investi-
gation into Cancer and Nutrition (EPIC)-InterAct Study (eight
of ten EPIC countries), an inverse association was found
between the risk of type 2 diabetes (a risk factor for CVD)
and the consumption of cheese (hazard ratio (HR) 0-88, 95%
CI 0:76, 1:02; Pyena = 0-01) and fermented dairy food (yoghurt
and fermented milk) (HR 0-88, 95% CI 078, 0-99;
Prrend = 0:02)%®. The strength of this analysis was that it
cuts across different populations in the European region.
The profile of dairy food consumption in the Netherlands
might explain the small inverse association between fermen-
ted full-fat dairy food intakes and all-cause mortality in the
Netherlands cohort study (NCLS) cohort (2 120, 852)“7.
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In contrast, data from the EPIC-Norfolk cohort in the UK
(n 4000) produced an association between low-fat fermented
dairy product consumption and reduced risk of type 2
diabetes (HR 0:76, 95% CI 0-60, 0:99; Pyena = 0-049), and
more specifically for yoghurt intake (HR 072, 95% CI 0-55,
095; Prena = 0-:017)%.

It may be that the impact of fermented dairy foods and
yoghurt is more pronounced in different dietary contexts. An
analysis of a subset of data in the Malmo Diet and Cancer
cohort (17 24445) found that the consumption of dairy
products overall was inversely associated with CVD risk
(Pyena = 0009)®. Fermented milk was the only product
with a statistically significant negative relationship with CVD
risk (about 15%) (Pyena = 0:003). A decreased CVD risk was
found with cheese intake in women (Pyenq = 0-03) but not
in men. These findings were similar to those from an analysis
of the Swedish Mammography Cohort study (12 33 636; 1997
)PP This study found that total dairy intake was
inversely associated with the risk of myocardial infarction
(HR,q 0-77, 95% CI 063, 0:95). Total cheese intake was
inversely associated with myocardial infarction risk (HR 0-74,
95% CI 0-60, 0-91). Importantly, the authors of this analysis
stressed the need to differentiate between different foods in
the dairy category, and to not treat all dairy foods as the
same. As they found differences in results for butter consump-
tion depending on its use in the diet, they also acknowledged

the limitations for research inherent in the cultural use of dairy
(30)

subset

foods

To take this discussion further, studies outside of Europe may
be informative. From Japan, factor analysis using data from the
Osaka National Health Insurance (NIH) cohort found a lower
CVD risk with what was termed the Japanese pattern (fish, sea-
weed, vegetables, fruit and green tea) but it was associated with
a high Na intake and greater risk of hypertension. An increased
risk was found with the ‘animal food’ pattern, but a third
pattern defined by high dairy food, high fruit and vegetables
and low alcohol intake was not associated with increased
CVD risk®P. In an even more diverse context, in remote
Canada, no association was found between dairy food intake
and the incidence of CVD in a cross-sectional study of fourteen
villages of the Nunavik®®. This was not surprising, as the
study was small (nz 543), and the intake of dairy food was
small (120-290g/d). Even so, reviewing research from various
regions indicates that the effects of fermented dairy foods are
likely dependent on the degree of dietary exposure alongside
other food and environmental factors.

In summary, the protective effect of the Mediterranean diet
on CVD risk has been confirmed. Evidence of associations
between the consumption of fermented dairy products and
reduced CVD risk has been found in the concept of a healthy
diet. There is some variation in findings across populations
and research designs can be improved upon, but there is
enough to go on. Part of the problem is the somewhat intan-
gible nature of studying effects of nutrients, foods and whole
diets simultaneously, but the recognition of the Mediterranean
diet as a concept throws light on the task. The implications for
translating this knowledge for a broader benefit to the global
population present new and exciting challenges.

Conclusion

The association between fermented dairy foods consumption
and CVD risk rests on the study of healthy diets and individual
foods. Research to date strongly implicates fermented dairy
products as the products of choice in demonstrating effects.
Yoghurt and cheese are traditionally part of the Mediterranean
diet, the protective effects of which are confirmed.

Treating the risk associated with saturated fat intakes and
blood cholesterol in the isolation of food sources is now
seriously challenged®3>3%  Expert panels have noted that
while there is evidence for replacing SFA with PUFA in the
diet, effects of single foods cannot be judged solely on their
SFA content'®3%_ This is because different SFA contents may
have different effects, and the foods themselves deliver
multiple nutrients™®. The concept of food synergy, in which
the sum of the parts is greater than the individual ingredient,

3% There is a need to

is an important new consideration
differentiate between dairy products because of the variation
in the content®. Moderate amounts of fermented dairy
foods play a significant role in dietary patterns that protect
against CVD but more targeted research is required. More
needs to be known on the type of food, in particular cheese
and yoghurt. The overall diet remains an important factor in
terms of energy and nutrient balance, food wvariety and
amounts of foods consumed. A combination of evidence is
necessary"®, and more research across various regions will
assist this, but indications remain that fermented dairy foods
such as yoghurt and cheese are an integral part of diets that

are protective against CVD.
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