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CVD are the leading cause of mortality and morbidity worldwide. One of the key dietary
recommendations for CVD prevention is reduction of saturated fat intake. Yet, despite
milk and dairy foods contributing on average 27 % of saturated fat intake in the UK diet,
evidence from prospective cohort studies does not support a detrimental effect of milk
and dairy foods on risk of CVD. The present paper provides a brief overview of the role
of milk and dairy products in the diets of UK adults, and will summarise the evidence in
relation to the effects of milk and dairy consumption on CVD risk factors and mortality.
The majority of prospective studies and meta-analyses examining the relationship between
milk and dairy product consumption and risk of CVD show that milk and dairy products,
excluding butter, are not associated with detrimental effects on CVD mortality or risk bio-
markers that include serum LDL-cholesterol. In addition, there is increasing evidence that
milk and dairy products are associated with lower blood pressure and arterial stiffness.
These apparent benefits of milk and dairy foods have been attributed to their unique nutri-
tional composition, and suggest that the elimination of milk and dairy may not be the op-
timum strategy for CVD risk reduction.

Milk: Dairy products: CVD: Blood pressure: Serum lipids

CVD remains the leading cause of morbidity and mortal-
ity worldwide. The WHO estimated that 17·3 million
people in the world died from CVD in 2008, including
7·3 million from CHD, and 6·2 million from strokes(1).
There are a number of modifiable risk factors for
CVD, such as high levels of serum LDL-cholesterol
(LDL-C), hypertension, diabetes, overweight/obesity,
smoking, low physical activity and diet. Indeed, diets
that are rich in SFA and trans fatty acids (TFA) are asso-
ciated with an increased risk of CVD, and it is largely
agreed that this is due, in the most part, to increased
serum LDL-C(2). Furthermore, evidence from pharmaco-
logical studies show that lowering LDL-C by an average
of 1·8 mmol/l (by use of statins) reduces risk of IHD and
stroke by 60 and 17 %, respectively(3). Despite this, the

relationship between SFA and CVD risk remains
controversial(4).

The UK dietary guidelines recommend <10 % of total
energy intake from SFA, but according to the most recent
National Diet and Nutrition Survey consumption of SFA
is above these recommendations, at 11·9 % of total energy
intake(5). Milk and dairy products contribute about 27 %
of SFA intake in the UK diet(5). However, evidence from
a number of prospective cohort studies show that con-
sumption of milk and other dairy products (excluding but-
ter) are not consistently associated with an increased risk
of CVD. Milk is a unique and complex food that is nutri-
tionally complete for the sustenance of young mammals.
Milk consumption in most mammals ceases soon after
weaning, this coincides with down-regulation of the gene
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for lactase, leading to a severe compromise in the ability
to digest lactose, the sugar contained within milk.
However, human subjects are unique within the animal
kingdom being the only mammal that continues to con-
sume another animals’ milk past infancy and throughout
our lifespan. This is made possible in the majority of the
population by possession of one of a number of SNP in
the lactase gene, which results in persistence of lactase
throughout life. The majority of individuals of European
origin possess a version of the gene that remains active,
which results in about 90 % of Europeans being able to di-
gest lactose(6). Selection of these mutant SNP in the lac-
tase gene throughout human development suggests that
there may be some advantage to the ability to consume
milk.

The present paper will provide a brief overview of the
consumption of milk and dairy products in the diets of
UK adults, and will summarise the evidence on the
effects of milk and dairy consumption on CVD mortality
and biomarkers.

Trends in milk and dairy consumption

In the UK, current milk consumption is about 1·5 litres
of milk per person per week, with the majority of this
consumed as semi-skimmed milk (70 %) followed by
whole milk (20 %) and skimmed milk (10 %). Over the
past few decades, trends in milk and dairy product con-
sumption have shown considerable variation (Fig. 1)(7).
For example, consumption of whole milk has shown a
dramatic decline since the 1970s from about 2·7 litres
per person per week in 1974 to 0·3 litres per person per
week in 2012 (Fig. 1(a)). In the early 1990s, the decline
in whole milk consumption was partially replaced by
semi-skimmed milk, consumption of which has remained
fairly constant at about 1 litre per person per week over
the last decade, while the intake of whole milk continues
to decline. Fig. 1(b) shows the UK trends in consumption
of other dairy products such as cheese, yoghurt and
fromage frais, cream and butter. The trend for cheese
and cream consumption has remained fairly constant at
about 100 g and 20 ml per person per week for cheese
and cream, respectively since the 1970s. In contrast, the
trend for yoghurt and fromage frais consumption has
increased significantly from the early 1970s with 33 ml
per person per week to about 200 ml per person per
week in 2012. The consumption of butter in the UK
shows a similar downward trend as for whole milk,
due, in part, to recommendations to reduce the amount
of total and saturated fat in the diet, but also because
of the increasing availability of other spreads.

The contribution of milk and dairy foods to nutrient
intakes

Milk and dairy products are complex foods containing a
number of different components. Table 1 shows the con-
tribution of the dairy food group, which includes milk,
cheese, yoghurt, butter, cream and fromage frais to

energy and nutrient intakes in UK adults (age 19–64
years)(5). It is clear that milk and other dairy products
are important sources of a number of nutrients in the
UK diet. Indeed, the dairy food group alone contributes
more than the daily reference nutrient intake for vitamin
B12 and provides about 50 % of the recommended nutri-
ent intake for calcium and phosphorus. Milk and dairy
products are also the main source of iodine in the UK
diet, contributing about 40 % of the recommended nutri-
ent intake. Adequate iodine levels are important for both
men and women throughout life, but particularly in
women of childbearing age as iodine levels below recom-
mendations during pregnancy have been associated with
reduced cognitive outcome in their children(8). Although
dairy is an important contribution to iodine intake in the
UK diet, there have been inconsistent reports of iodine
concentrations in milk with a recent study showing a
30 % lower iodine concentration in organic compared
with conventional milk(9). Therefore, although milk and
dairy products are not an essential dietary component,
they make an important contribution to the provision
of key nutrients.

Fig. 1. Trends in milk, cheese, yoghurt and fromage frais, cream
and butter purchase, 1974–2012. Source: AHDB Dairy.
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Saturated fat from milk and CVD

Higher dietary SFA consumption is associated with
increased risk of CVD, due primarily to the serum total
cholesterol and LDL-C raising effects of SFA(2). The as-
sociation between SFA and increased serum LDL-C has
led to dietary recommendations worldwide for the re-
striction of SFA intake. Dietary recommendations by
the FAO/WHO(10), UK dietary recommendations
(Department of Health, 1991)(11) and, dietary guidelines
for Americans(12) recommend intake of dietary SFA to
<10 % of total energy intake. Despite these recommenda-
tions current SFA intakes in the UK are about 11·9 % of
total energy(5).

Milk and dairy products are the greatest contributor to
dietary SFA in the UK diet, contributing about 27 % of

SFA intake. As a result, guidance to reduce or eliminate
dairy from the diet has been a common practice for CVD
risk reduction. However, the evidence for the relationship
between dairy consumption and CVD mortality does not
support dairy restriction as an effective strategy for CVD
reduction. It is important to recognise that we do not
consume individual nutrients, but complex foods and
diets that contain specific nutrients within various matri-
ces. This can give rise to disparity between the biological
effects of nutrients in different foods that may have con-
tributed to the inconsistencies in the relationships of dif-
ferent SFA-rich foods and CVD mortality. Clear
evidence for this comes from the Multi Ethnic Study of
Atherosclerosis, in which different SFA-rich foods were
shown to produce differential effects on CVD risk(13).
In 5209 subjects after a 10-year period (from 2000 to

Table 1. Energy and major nutrients provided by milk and dairy products to adults (age 19–64 years) diets in the UK

1 % Fat
milk Butter Cheese

Ice
cream

Other milk
and cream

Semi-
skimmed
milk

Skimmed
milk

Whole
milk

Yoghurt,
fromage frais
and dairy
desserts

Total dairy
contribution

Energy
Intake (MJ/d) 0·0 0·1 0·2 0·0 0·1 0·2 0·0 0·1 0·1 0·8
% of EAR 0·0 1·0 2·2 0·4 0·6 1·7 0·3 0·6 0·9 7·8

Total fat
Intake (g/d) 0·0 2·8 4·8 0·6 1·2 1·6 0·0 1·0 0·7 12·7
% of DRV 0·0 3·2 6·4 0·9 0·9 2·5 0·0 1·4 1·0 16·3

Saturated fat
Intake (g/d) 0·0 1·7 3·0 0·4 0·7 1·0 0·0 0·6 0·4 7·9
% of DRV 0·0 4·8 10·6 1·5 1·6 4·4 0·0 2·2 1·6 26·6

Protein
Intake (g/d) 0·1 0·0 3·7 0·2 0·4 3·4 0·7 0·8 1·2 10·5
% of RNI 0·1 0·0 6·8 0·3 0·7 6·3 1·2 1·5 2·2 19·1

Potassium
Intake (mg/d) 2·6 0·9 14·5 9·1 18·3 154·0 31·9 37·7 59·2 328·2
% of RNI 0·1 0·0 0·4 0·3 0·5 4·4 0·9 1·1 1·7 9·4

Calcium
Intake (mg/d) 2·0 0·6 102·4 5·2 11·7 118·3 24·2 28·8 39·3 332·4
% of RNI 0·3 0·1 14·6 0·7 1·7 16·9 3·5 4·1 5·6 47·5

Phosphorus
Intake (mg/d) 1·6 0·8 74·7 4·8 11·2 94·6 19·1 23·1 36·0 265·8
% of RNI 0·3 0·1 13·6 0·9 2·0 17·2 3·5 4·2 6·5 48·3

Magnesium
Intake (mg/d) 0·2 0·1 4·2 0·8 1·7 10·0 2·3 2·5 4·2 25·9
% of RNI 0·1 0·0 1·4 0·3 0·6 3·3 0·8 0·8 1·4 8·6

Zinc
Intake (mg/d) 0·0 0·0 0·5 0·0 0·1 0·4 0·1 0·1 0·1 1·4
% of RNI 0·1 0·0 5·7 0·2 0·5 4·2 1·0 1·0 1·5 14·3

Iodine
Intake (μg/d) 0·6 1·3 4·6 1·5 2·9 25·5 5·7 6·9 8·5 57·6
% of RNI 0·4 0·9 3·3 1·1 2·1 18·2 4·1 4·9 6·1 41·1

Riboflavin
Intake (mg/d) 0·0 0·0 0·1 0·0 0·0 0·2 0·0 0·1 0·1 0·5
% of RNI 0·3 0·1 4·6 1·1 1·6 17·5 3·3 4·3 4·4 37·3

Vitamin B12

Intake (μg/d) 0·0 0·0 0·3 0·0 0·0 0·8 0·2 0·2 0·1 1·6
% of RNI 1·0 0·5 22·0 1·9 2·8 50·9 10·6 12·2 5·4 107·3

Vitamin B5

Intake (mg/d) 0·0 0·0 0·1 0·0 0·0 0·7 0·1 0·1 0·1 1·2
% of RNI 0·3 0·1 1·5 0·9 0·7 13·7 1·8 2·7 2·7 24·3

EAR, estimated average requirement; DRV, daily recommended value; RNI, reference nutrient intake.

New perspectives on dairy and CVD health 249

https://doi.org/10.1017/S002966511600001X Published online by Cambridge University Press

~ ------

https://doi.org/10.1017/S002966511600001X


Proceedings of the Nutrition Society

2010).A
low

er
hazard

ratio
(H

R
)
for

C
V
D

w
as

reported
for

every
5
g/d

(H
R

0·79;
95

%
C
I
0·68,

0·92)
or
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of
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from
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SF
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95
%

C
I
1·02,1·54
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1·48;95

%
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0·98,2·23,respect-

ively) (13).
F
urtherm

ore,
the

substitution
of

2
%

of
energy

from
m
eat

sources
of

SF
A

w
ith

energy
from

dairy
SF

A
w
as

associated
w
ith

a
25

%
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0·75;
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%

C
I
0·63,0·91),

suggesting
that

dairy
foods

contain-
ing

SF
A

attenuated
the

detrim
ental

association
of

SF
A

w
ith

C
V
D

m
ortality.

W
hile

this
finding

w
as

attributed
to

the
effects

of
other

com
ponents

w
ithin

dairy
foods,

such
as

calcium
,
m
agnesium

,
bioactive

peptides
and

proteins,
it

m
ay

also
have

been
due

to
a
difference

in
the

relative
proportions

of
different

SF
A

betw
een

m
eat

and
dairy.

F
urther

evidence
for

the
bene

ficialassociation
betw

een
dairy

and
C
V
D

com
es

from
an

investigation
of

the
asso-

ciation
betw

een
plasm

a
phospholipid

fatty
acids

and
in-

cidence
of

C
H
D

(14).
In

the
present

study,
the

enrichm
ent

of
plasm

a
phospholipid

w
ith

even
chain

SF
A
:
palm

itic
acids

(C
16:0)

and
stearic

(C
18:0),

but
not

m
yristic

(C
12:0),

w
as

associated
w
ith

significantly
higher

risk
of

C
H
D
,
w
hile

the
odd

chain
SF

A
indicative

of
dairy

consum
ption:

pentadecanoic
C
15:0

and
hexade-

canoic
acid

C
17:0

w
ere

associated
w
ith

low
er

risk.T
hese

finding
w
ere

corroborated
by

associations
betw

een
sim

i-
lar

circulating
biom

arkers
of

dairy
fat

and
the

incidence
of

stroke
in

U
S

m
en

(H
ealth

P
rofessionals

F
ollow

-up
Study

n
51

529)
and

w
om

en
(N

urses’
H
ealth

Study
n

121
700) (15).

O
dd

chain
fatty

acids
are

found
in

m
ilk

and
dairy

products
and

result
from

bovine
biohydro-

genation
(16).T

heir
appearance

in
hum

an
plasm

a
or

tissue
sam

ples
is

now
recognised

as
a

specific
biom

arker
of

dairy
intake,

as
m
an

is
unable

to
synthesise

these
fatty

acids
endogenously

(17).
T
hese

data
support

the
prospective

cohort
data

that
suggest

that
m
ilk

and
dairy

products
are

not
associated

w
ith

detrim
entaleffects

on
C
V
D

risk.

T
rans

fatty
acids

and
C
V
D

O
ther

im
portant

fatty
acids

present
in

m
ilk

and
dairy

foods
are

T
F
A
,
w
hich

are
synthesised

via
bacterial

m
e-

tabolism
of

unsaturated
fatty

acids
in

the
rum

en
of

cow
s (18).

T
he

intake
of

T
F
A

from
industrially

hydroge-
nated

vegetable
oils

(iT
F
A
)has

a
negative

im
pacton

car-
diovascular

health
(19,20).

H
ow

ever,
the

association
betw

een
rum

inant
T
F
A

(rT
F
A
)
and

C
V
D

rem
ains

in-
conclusive

(21,22),
w
ith

som
e
studies

show
ing

a
cardiopro-

tective
association

(19,23).
In

an
attem

pt
to

resolve
con

flicting
reports,a

system
atic

review
and

m
eta-analysis

w
as

undertaken
by

B
endsen

et
al. (24)

w
ho

reported
that

the
relative

risk
(R

R
)
for

high
v.

low
quintiles

of
total

T
F
A

intake
(2·8

to
approxim

ately
10

g/d)
w
as

1·22
(95

%
C
I
1·08,

1·38;
P
=
0·002)

for
C
H
D

events
and

1·24
(95

%
C
I
1·07,

1·43;
P
=
0·003)

for
fatal

C
H
D
.
In

addition,
rT

F
A

intake
(0·5

–1·9
g/d)

w
as

not
significantly

associated
w
ith

C
H
D

risk
(R

R
0·92;

95
%

C
I
0·76,

1·11;
P
=
0·36),

although
there

w
as

a
trend

tow
ards

a
positive

association
for

iT
F
A

(R
R

1·21;
95

%
C
I
0·97,

1·50;
P

=
0·09).

T
he

authors
concluded

that
w
hile

iT
F
A

m
ay

be
positively

related
to

C
H
D
,
rT

F
A

w
ere

not,
but

the
lim

ited
num

ber
of

studies
available

prevented
a
firm

con-
clusion

on
the

critical
im

portance
of

the
source

of
T
F
A
.

In
contrast

to
previous

findings,
a
recent

prospective
co-

hort
study

by
K
leber

et
al. (25)

show
ed

that
total

T
F
A

content
in

erythrocyte
m
em

branes
of

3259
participants

of
the

L
udw

igshafen
R
isk

and
C
ardiovascular

H
ealth

Study
w
as

inversely
associated

w
ith

adverse
cardiac

out-
com

es,
w
hile

rT
F
A

(trans-palm
itoleic

acid)
w
as

asso-
ciated

w
ith

reduced
risk.

In
addition,

erythrocyte
m
em

brane
iT
F
A

w
as

associated
w
ith

no
increased

risk
of

adverse
cardiac

outcom
es

(25).H
ow

ever,it
is
im

portant
to

highlight
that

total
T
F
A

concentration
in

erythrocyte
m
em

branes
in

the
presentstudy

population
w
as

relatively
low

com
pared

w
ith

levels
in

other
studies,

and
this

m
ay

have
been

too
low

to
observe

an
effect

of
T
F
A

on
C
V
D

m
ortality.

F
urtherm

ore,
it

has
been

suggested
that

the
lack

of
an

association
betw

een
rT

F
A

and
C
H
D

risk
m
ay

be
due

to
a
low

er
intake

from
rum

inant
sources

com
pared

w
ith

iT
F
A

(24).
D
espite

this
contro-

versy,
there

is
little

doubt
that

dietary
iT
F
A

are
asso-

ciated
w
ith

increased
C
V
D

m
ortality

(26).
In

response
there

has
been

a
substantial

decrease
in

iT
F
A

over
the

past
10

–15
years,

due
to

the
voluntary

action
by

the
U
K

food
industry

(27).
T
his

has
led

to
an

increase
in

the
relative

proportion
of

rT
F
A

in
the

U
K

diet,although
the

absolute
intake

of
rum

inant
fat

is
unchanged,

w
ith

the
current

m
ean

population
intake

of
total

T
F
A

(0·7
%

food
energy

in
adults) (5)

below
the

recom
m
ended

population
m
axim

um
of

2
%

of
food

energy
intake

(11).
A
lthough

m
ilk

and
m
ilk

products
(including

butter)
con-

tribute
to

32
%

of
this

intake
(5),

current
rT

F
A

intake
is

not
considered

to
be

a
m
ajor

cause
for

concern
w
ith

re-
spect

to
cardiovascular

health
at

a
population

level (22,28).
H
ow

ever,
the

im
pact

of
any

increase
in

diet-
ary

T
F
A

w
ould

need
to

be
m
onitored.

E
ffects

of
m
ilk

and
dairy

foods
on

C
V
D

risk:
evidence

from
observational

studies

T
he

potential
effects

of
m
ilk

and
dairy

consum
ption

on
C
V
D

m
ortality

w
ould

best
be

determ
ined

using
ad-

equately
pow

ered
random

ised
control

intervention
stud-

ies,
w
hich

have
C
V
D

events
and

C
V
D
-related

deaths
as

outcom
es.

H
ow

ever,
for

obvious
financial

and
logistical

reasons
such

studies
have

not
been

perform
ed.

T
he

m
ost

inform
ative

data
on

the
relationship

betw
een

m
ilk

and
dairy

consum
ption

and
C
V
D

is
provided

by
long-

term
prospective

cohort
studies

(29).
Several

in
fluential

review
s
have

focused
on

the
im

pact
m
ilk

and
dairy

food
consum

ption
and

C
V
D

risk,
som

e
of

w
hich

have
conducted

m
eta-analyses

of
available

co-
hort

data
(T
able

2) (29
–32).

E
lw
ood

et
al. (32)

conducted
a

m
eta-analyses

often
prospective

cohortstudies
that

exam
-

ined
the

associations
betw

een
m
ilk

and
risk

of
IH

D
and

stroke.
U
sing

a
pooled

estim
ate

of
the

relative
odds

for
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IHD and stroke, the meta-analysis revealed no association
with IHD (RR 0·87; 95 % CI 0·74, 1·03) and a significant
inverse association for stroke (RR 0·83; 95 % CI 0·77,
0·90) in the subjects with the highest milk compared
with those with the lowest intakes. These findings, to-
gether with a combined estimate of risk for both IHD
and stroke (ten studies RR 0·84; 95 % CI 0·78, 0·90), sug-
gested that consumption of milk was associated with a
modest reduction in CVD risk. This work was extended
by Elwood et al.(29) to include nine prospective cohort
studies of milk and dairy products and IHD and eleven
studies for stroke. The meta-analysis indicated a 15 %
lower RR for all-cause mortality (RR 0·85; 95 % CI
0·77, 0·98) and an 8 % lower overall RR of IHD (RR
0·92; 95 % CI 0·80, 0·99) in the subjects with the highest
dairy consumption compared with those with the lowest
intakes. Furthermore, a significant inverse association
was observed for the risk of stroke (RR 0·79; 95 %
CI 0·68, 0·91) in the subjects with the highest dairy con-
sumption compared with those with the lowest intakes.
These findings supported previous meta-analyses by
Elwood et al.(32), and support a reduction in IHD and
stroke in subjects consuming the highest amount of milk
and dairy products compared with the lowest intakes.

In another meta-analysis of seventeen prospective co-
hort studies Soedamah-Muthu et al.(30) showed a modest
inverse association between milk intake and risk of

overall CVD (four studies; RR 0·94 per 200 ml/d; 95 %
CI 0·89, 0·99). However, milk intake was not associated
with risk of CHD (six studies; RR 1·00 per 200 ml/d;
95 % CI 0·96, 1·04), stroke (six studies; RR 0·87; 95 %
CI 0·72, 1·05) or total mortality (eight studies; RR per
200 ml/d 0·99; 95 % CI 0·95, 1·03). A recent meta-
analysis by Qin et al.(31), which included a total of
twenty-two prospective cohort studies, showed an inverse
association between dairy consumption and overall risk
of CVD (nine studies; RR 0·88; 95 % CI 0·81, 0·96)
and stroke (twelve studies; RR 0·87; 95 % CI 0·77,
0·99). However, no association was found between
dairy consumption and CHD risk (twelve studies; RR
0·94; 95 % CI 0·82, 1·07), which supports previous
findings(30). Qin et al.(31) also investigated the association
between individual dairy foods on risk of CVD, includ-
ing stroke and CHD. Interestingly, cheese consumption
was associated with a significantly reduced risk of stroke
(four studies; RR 0·91; 95 % CI 0·84, 0·98) and CHD
(seven studies; RR 0·84; 95 % CI 0·71, 1·0). Recently,
Praagman et al.(33) also reported a significant association
between cheese consumption and stroke mortality, al-
though no impact on CHD mortality was found(33).
One possible explanation for the observed beneficial
effects of cheese consumption on stroke and CHD risk
may be the relatively high calcium content that increases
saponification of SFA in the gut, rendering them

Table 2. Summary of recent reviews and meta-analyses on milk or total dairy intake and risk of CVD

Reference Dairy food Methodology Overall CVD Stroke CHD IHD

Elwood et al.(32) Milk Meta-analysis: ten
prospective
cohorts

Inverse
association
(RR = 0·84; 95
% CI 0·78, 0·90)

Inverse association
(RR = 0·83; 95 %
CI 0·77, 0·90)

No association
(RR = 0·87; 95 %
CI 0·74, 1·03)

Elwood et al.(29) Total dairy
and/or
milk

Meta-analysis:
nineteen
prospective cohorts

Inverse association
(RR = 0·79; 95 %
CI 0·68, 0·91)

Inverse association
(RR = 0·92; 95 %
CI 0·80, 0·99)

Soedamah-Muthu
et al.(30)

Milk Meta-analysis:
seventeen
prospective cohorts

Inverse
association
(RR = 0·94, 95
% CI 0·89, 0·99)

No association
(RR = 0·87, 95 %
CI 0·72, 1·05)

No association
(RR = 1·0, 95 % CI
0·96, 1·04)

Qin et al.(31) Total dairy Meta-analysis:
twenty-two
prospective cohorts

Inverse
association
(RR = 0·88, 95
% CI 0·81, 0·96)

Inverse association
(RR = 0·87, 95 %
CI 0·77, 0·99)

No association
(RR = 0·94, 95 %
CI 0·82, 1·07)

High-fat
dairy

No association
(RR = 0·95, 95 %
CI 0·83, 1·08)

No association
(RR = 1·08, 95 %
CI 0·99, 1·17)

Low-fat
dairy

Inverse association
(RR = 0·93, 95 %
CI 0·88, 0·99)

No association
(RR = 1·02, 95 %
CI 0·92, 1·14)

Yoghurt No association
(RR = 0·98, 95 %
CI 0·92, 1·06)

No association
(RR = 1·06, 95 %
CI 0·90, 1·34)

Cheese Inverse association
(RR = 0·91, 95 %
CI 0·84, 0·98)

Inverse association
(RR = 0·84, 95 %
CI 0·71, 1·00)

Butter No association
(RR = 0·94, 95 %
CI 0·84, 1·06)

No association
(RR = 1·02, 95 %
CI 0·88, 1·20)

RR; relative risk.
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resistantto
digestion

leading
to

increased
faecalfatexcre-

tion
(34).T

his
m
echanism

is
supported

by
the

results
from

a
prospective

cohort
study

in
w
hich

the
observed

inverse
association

betw
een

cheese
consum

ption
and

C
H
D

w
as

attenuated
w
hen

calcium
content

w
as

used
as

a
confoun-

der
in

the
analysis (35).

F
urtherm

ore,
a
m
eta-analysis

of
random

ised
controltrials

(R
C
T
)
investigating

the
im

pact
of

calcium
from

dairy
and

dietary
supplem

ents
estim

ated
that

increasing
dairy

calcium
intake

by
1241

m
g/d

resulted
in

an
increase

in
faecalfat

of5·2
(1·6

–8·8)g/d
(36).

Since
publication

of
the

m
eta-analyses

above
(T
able

2),
additional

prospective
cohort

studies
have

been
pub-

lished.
F
or

exam
ple,

the
R
otterdam

Study
consisting

of
4235

m
en

and
w
om

en
aged

55
years

and
above

show
ed

that
total

dairy,
m
ilk,

low
-fat

dairy,
and

ferm
ented

dairy
w
ere

not
significantly

related
to

incident
stroke

or
fatalstroke

after
a
17·3-year

follow
-up

period
(37).In

add-
ition,

the
authors

reported
a
significant

inverse
relation-

ship
betw

een
high-fat

dairy
consum

ption
and

fatal
stroke

(H
R

0·88
per

100
g/d;

95
%

C
I
0·79,

0·99),
but

not
incident

stroke
(H

R
0·96

per
100

g/d;
95

%
C
I

0·90,
1·02).

T
otal

dairy
or

individual
dairy

foods
w
ere

not
associated

w
ith

incident
C
H
D

or
fatal

C
H
D
.

C
ontrary

to
these

data
and

since
these

m
eta-analyses

a
study

conducted
by

M
ichaelsson

et
al. (38),

reported
that

the
m
ilk

intake
w
as

significantly
associated

w
ith

m
arkedly

higher
total

and
C
V
D

m
ortality

and
fracture

risk
in

61
433

Sw
edish

w
om

en
from

the
m
am

m
ography

cohort.
T
his

relationship
w
as

also
observed

in
a
cohort

of
45

339
Sw

edish
m
en,

although
the

relationship
w
as

considerably
w
eaker (38).H

ow
ever,the

authors
concluded

that
the

study
should

be
‘interpreted

w
ith

caution,due
to

the
inherent

possibility
of

residual
confounding

and
re-

verse
causation

phenom
ena,

w
hich

is
often

associated
w
ith

observational
study

designs’.
In

addition,
w
hen

this
data

w
ere

reanalysed,
an

inverse
association

w
as

observed
for

the
num

ber
of

C
V
D

deaths
against

m
ilk

consum
ption

(39).
T
hese

inconsistent
findings

betw
een

m
ilk

intake
and

C
V
D

m
ortality

observed
w
ith

the
sam

e
dataset

require
further

investigation.
F
urtherm

ore,
since

the
study

by
M
ichaelsson

et
al. (38),tw

o
further

large
pro-

spective
cohort

studies
have

been
published

on
the

rela-
tionship

betw
een

m
ilk

and
m
yocardial

infarction
and

IH
D

m
ortality

in
Japanese

(n
94

980;
19

years
follow

-
up) (40)

and
D
anish

(n
98

529;
5·4

years
follow

-up) (41)

populations,
both

of
w
hich

reported
no

association
w
ith

m
yocardial

infarction
or

IH
D
.

T
he

balance
of

current
evidence,

including
m
eta-

analyses
of

prospective
cohort

studies,
indicates

that
m
ilk

and
dairy

products
are

associated
w
ith

no
detrim

en-
tal

effect
on

risk
of

C
V
D
,
w
ith

som
e
evidence

of
a
m
od-

erately
protective

effect
of

m
ilk

consum
ption.

H
ow

ever,
a
further

m
eta-analysis

that
includes

all
of

the
current

prospective
cohort

data
is

required
to

con
firm

this
and

m
ore

studies
are

required
to

determ
ine

the
effects

of
indi-

vidual
dairy

products
on

C
V
D

risk.

E
ffects

of
dairy

on
blood

lipids
and

lipoproteins

In
the

absence
of

random
ised

control
dairy

intervention
studies

w
ith

clinical
endpoints,

the
bulk

of
evidence

for

cause
and

effect
relationships

betw
een

dairy
foods

and
C
V
D

has
relied

heavily
upon

validated
C
V
D

biom
arkers

as
outcom

e
m
easures

in
R
C
T
.
T
here

is
consistent

evi-
dence

that
consum

ption
of

dietary
SF

A
increases

total
and

L
D
L
-C

concentrations,
a

robust
biom

arker
of

C
H
D

risk
(2).

R
eplacem

ent
of

SF
A

w
ith

unsaturated
fatty

acids
has

a
bene

ficial
reduction

on
serum

L
D
L
-C

and
the

clinically
relevant

total
cholesterol:

H
D
L
-

cholesterol
(total-C

:H
D
L
-C

)
ratio

(2,42,43).
H
ow

ever,
not

all
classes

of
SF

A
have

the
sam

e
effects

on
blood

lipids.
H
igh

dietary
intakes

of
lauric

(C
12:0),

m
yristic

(C
14:0)

and
palm

itic
(C

16:0)
acids

have
been

show
n
to

elevate
serum

total
and

L
D
L
-C

,
w
hereas

stearic
acid

(C
18:0)

has
m
inim

al
im

pact,due,
in

part,to
its

m
ore

lim
ited

ab-
sorption

(44).
T
hese

SF
A

are
also

associated
w
ith

a
con-

com
itant

increases
in

H
D
L
-C

concentrations,
a

lipoprotein
that

is
generally

considered
to

be
anti-

atherogenic
(45).

T
his

differential
effect

of
dietary

fats
on

different
lipoprotein

fractions
highlights

the
im

portance
of

expressing
dietary

effects
on

the
clinically

relevant
total-C

:H
D
L
-C

ratio
(46).

G
iven

that
a
high

proportion
of

the
C
12:0,

C
14:0

and
C
16:0

in
the

hum
an

diet
is

derived
from

m
ilk

fat,it
w
ould

be
predicted

that
the

con-
sum

ption
of

m
ilk

and
dairy

foods
w
ould

be
associated

w
ith

adverse
effects

on
serum

L
D
L
-C

and
total-C

:
H
D
L
-C

.
H
ow

ever,
evidence

indicates
that

dairy
food

consum
ption,

w
ith

the
exception

of
butter (47),

is
asso-

ciated
w
ith

lim
ited

or
no

significant
detrim

ent
to

serum
lipids.

In
support

of
this,

a
cross-sectional

analysis
of

2
512

W
elsh

m
en

from
the

C
aerphilly

cohort
study

show
ed

no
significant

difference
in

serum
total

cholesterol
or

L
D
L
-C

concentrations,and
a
significant

negative
associ-

ation
betw

een
the

highest
com

pared
w
ith

the
low

est
quartile

of
dairy

consum
ers (48).N

egative
associations

be-
tw

een
dairy

consum
ption,

con
firm

ed
by

dietary
assess-

m
ent

and
biom

arkers
of

dairy
intake:

plasm
a

phospholipid
levels

of
C
15:0

and
C
17:0,and

the
propor-

tion
of

the
pro-atherogenic

sm
alldense

L
D
L
III

particles,
w
as

reported
in

another
cross-sectional

study
in

291
healthy

m
en

(49).
Stronger

evidence
from

a
m
eta-analysis

of
tw

enty
R
C
T

w
ith

a
total

of
1
677

subjects
show

ed
that

there
w
as

no
significant

change
in

L
D
L
-C

w
ith

ei-
ther

low
and

full-fat
dairy

consum
ption

(50).
In

contrast,
studies

that
used

butter,
invariably

produced
the

pre-
dicted

increases
in

L
D
L
-C

(47).
T
his

again
suggests

that
the

other
com

ponents
of

dairy
foods,

such
as

proteins,
bioactive

peptides
and

calcium
m
ay

be
involved

w
ith

the
am

elioration
of

the
detrim

ental
effects

of
dairy

SF
A
.

D
ifferential

im
pact

of
high-

and
low

-fat
dairy

foods

T
here

is
no

established
nutritional

bene
fit

of
w
hole-fat

dairy
consum

ption,
except

in
children

under
2

years,
com

pared
w
ith

low
er

fat
alternatives.

W
ith

respect
to

the
latter,

skim
m
ing

m
ilk

fat
to

produce
low

-fat
m
ilk

and
dairy

products
is

a
com

m
on

and
an

effective
w
ay

of
low

ering
SF

A
intake.

H
ow

ever,
there

is
currently

no
consensus

on
w
hether

fat-reduced
dairy

foods
are

asso-
ciated

w
ith

a
reduced

risk
of

C
V
D

(50)
and

studies
in

this
area

give
inconsistent

data,
w
ith

few
R
C
T

that
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directly compare whole with low fat alternatives.
Minimal benefit has been reported in a prospective
study of 33 636 women, which suggested no significant
differences between consumption of high- v. low-fat
dairy products on risk of myocardial infarction(51).
Furthermore, findings from a 12-month RCT concluded
that in overweight adults inclusion of reduced-fat dairy
foods had no impact on blood lipids, blood pressure
(BP) and arterial compliance(52). Moreover, a
meta-analysis conducted by Soedamah-Muthu et al.(30),
showed that there was no significant difference between
consumption of high-fat (RR 1·04; 95 % CI 0·89, 1·21)
or low-fat dairy (RR 0·93; 95 % CI 0·74, 1·17) on
CHD risk.

In contrast, data from the Nurses’ Health Study co-
hort illustrated that the associated RR of CHD varied
according to the fat content of dairy foods with an esti-
mated 20 % lower RR with low-fat dairy consumption
(RR 0·80; 95 % CI 0·73, 0·87) compared with a 12 %
higher RR with high-fat dairy consumption (RR 1·12;
95 % CI 1·05, 1·20)(53). Furthermore, observational stud-
ies investigating the relationship between consumption of
different types of dairy on cardio-metabolic risk factors
have indicated that low-fat dairy consumption is an ef-
fective strategy to promote lower BP levels(54–56), circu-
lating markers of inflammation(57), the ratio of total-C:
HDL-C(2) and LDL-C concentration(58), as well as aid
in weight maintenance or reduction(59). Further evidence
from well-controlled dietary intervention studies is
required before a definitive conclusion can be drawn on
the benefits of low- and high-fat dairy.

There have also been a number of studies suggesting
that the specific milk proteins have differential effects
on lipids. Whey (60 g/d for 12 weeks) has been shown
to produce significant reductions in serum TAG and
total and LDL-C in comparison with a casein control
group(60). Furthermore, a significant decrease in the post-
prandial appearance of TAG after consuming a whey
meal of 21 % compared to control and 27 % compared
with the casein meals were reported(61). In addition to
the specific dairy proteins, different dairy foods have
been shown to have a range of lipid effects(62). It
has been reported that cheese may have a differential
effect on blood lipids compared with other dairy
foods(34,63,64), with prolonged ripening of cheddar cheese
resulting in more pronounced lipid-lowering effects in a
pig model(65). A meta-analysis that included five of
these RCT showed that when compared with butter in-
take, cheese consumption reduced LDL-C by 6·5 %
(−0·22 mM/l; 95 % CI −0·2, −0·14) and HDL-C by 3·9
% (−0·05 mM/l 95 % CI −0·09, −0·02) but had no effect
on TAG(66). In addition, a recent RCT reported that con-
sumption of 80 g/d of a high-fat cheese (27 % fat) com-
pared with no cheese or 50 g/d of fat and salt-free
cheese for 8 weeks resulted in no changes in total or
LDL-C. Those in the high-fat cheese group with meta-
bolic syndrome at baseline had significant reductions in
total cholesterol (−0·70 mM/l) compared with control
and a significantly higher reduction in TAG(67). These
data show that dairy products do not exert the negative
effects on blood lipids which would be predicted solely

from their SFA content, and highlights a need for add-
itional studies before firmer conclusions can be made
on the differential effects of dairy products on serum
lipid and lipoprotein concentrations.

Overall, the current evidence presented in this section
suggests that the fatty acid profile of milk may not be
as detrimental for lipid risk factors as previously thought,
and supports differential effects of dairy foods, particu-
larly cheese.

Manipulating the fatty acid profile of milk

Modification of the fatty acid profile of bovine milk
offers an alternate strategy for lowering the population’s
intake of SFA, by removing SFA from the food chain,
while preserving the beneficial contributions that dairy
products make to the protein and micronutrient content
of the human diet(68). Partial replacement of milk SFA
with cis-MUFA or cis-PUFA through supplementation
of the cows’ diet with plant oils or oilseeds reduces syn-
thesis of short- and medium-chain SFA by the bovine
mammary gland, and increases the long-chain (>C18) un-
saturated fatty acid concentration in the milk(69,70).
Inclusion of 49 g/kg of dry matter of rapeseed oil in the
ruminant diet for a 28-d period increased cis-MUFA
from 20 to 33 g/100 g fatty acids, while reducing SFA
from 70 to 55 to 60 g/d fatty acids(71). This feeding regi-
men inadvertently leads to increased concentrations of
naturally produced rTFA, predominantly trans-linoleic
acid (trans-18:1) and trans-MUFA, in the milk.
However, despite this increase in rTFA, the consumption
of the modified dairy products is not thought to have a
major impact on CVD risk(25). In addition, cell culture
studies have shown that rTFA has minimal impact on
endothelial function and gene expression(72), although
whether rTFA intake, through manipulation of the
fatty acid profile of milk and dairy products to decrease
SFA content, impacts on cardiovascular health, has yet
to be determined.

Consumption of SFA-reduced milk and milk pro-
ducts, by feed modification has been shown to be benefi-
cial to CVD risk, in healthy and hypercholesterolaemic
populations when compared with conventional dairy
products(73). Poppitt et al. demonstrated that consump-
tion of 20 % energy daily as conventional or feed-
modified SFA-reduced butter for a 3-week period
resulted in significant reduction in both total cholesterol
and LDL-C during the modified butter feeding(74).
However, the evidence is relatively limited and the ma-
jority of studies have used butter only and relied on
serum lipid levels as biomarkers of CVD risk. This
knowledge gap is being addressed at the University of
Reading with the RESET (Replacement of Saturated
fat in dairy on total cholesterol) study investigating the
impact of reducing SFA intake by using modified milk
and dairy products on vascular function and CVD risk
biomarkers, without limiting dairy product consumption.
Milk that has a substantial proportion of SFA replaced
with cis-MUFA will be collected from cows fed a diet
supplemented with 1 kg/d of high-oleic sunflower oil.
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C
heddar

cheese
and

butter
w
ill

be
produced

from
this

m
ilk

and
these

dairy
foods

w
illbe

supplied
to

volunteers
w
ith

increased
C
V
D

risk
for

a
12-w

eek
period

in
a
rando-

m
ised,crossover,double-blind,controlled

study.T
he

im
-

pact
of

these
m
odified

dairy
products

on
fasted

and
postprandial

vascular
function,

B
P
,
lipids,

insulin
sensi-

tivity
and

in
flam

m
atory

biom
arkers

w
ill

be
determ

ined
relative

to
typical

com
m
ercially

available
products.

T
he

project,
w
hich

started
in

late
2013,

w
ill

provide
unique

evidence
of

the
physiological

effects
of

m
odified

SF
A
-reduced

dairy
products,

w
hich

could
contribute

to
food-based

dietary
recom

m
endations

for
C
V
D

risk
reduction.

E
ffects

of
m
ilk

and
dairy

products
on

blood
pressure

and
arterial

stiffness

H
ypertension,

de
fined

as
systolic

B
P
⩾
140

m
m

H
g
and/

or
diastolic

B
P

of⩾
90

m
m

H
g,

is
one

of
the

leading
risk

factors
in

the
developm

ent
of

stroke,
C
H
D
,
heart

failure
and

end
stage

renal
disease

(75).
B
P
is

m
odifiable

by
environm

ental
and

lifestyle
factors,

w
ith

diet
as

one
of

the
m
ost

im
portant

m
ediators (76).

T
he

D
ietary

A
pproaches

to
Stop

H
ypertension

trial
dem

onstrated
that

a
diet

consisting
of

reduced
total

and
SF

A
fats,

high
intakes

of
low

-fat
dairy

products,
and

fruits
and

vegetables
significantly

low
ered

B
P

in
norm

otensive
and

hypertensive
individuals (77).

M
oreover,

the
m
agni-

tude
of

B
P

reduction
w
as

of
greater

m
agnitude

after
the

diet
rich

in
low

-fat
dairy

products
com

pared
w
ith

the
fruit

and
vegetable-rich

diet,
w
hich

om
itted

dairy
products

altogether
(77).T

he
findings

from
cross-sectional

and
prospective

studies
have

show
n

an
inverse

asso-
ciation

betw
een

consum
ption

of
dairy

products,
particu-

larly
low

-fat
varieties

and
risk

of
hypertension

(48,55,56,78
–83).

T
hese

findings
w
ere

con
firm

ed
in

a
m
eta-analysis

by
Soedam

ah-M
uthu

et
al. (83),in

w
hich

nine
prospective

co-
hort

studies
and

a
total

of
57

256
participants,

show
ed

a
reduced

R
R

for
hypertension

(pooled
R
R

0·97;95
%

C
I,

0·95,0·99
per

200
g/d)

and
intake

of
totaldairy

(83).A
few

R
C
T

have
exam

ined
the

effects
of

dairy
products

on
B
P
(56,84,85).

F
or

exam
ple,

a
random

ised
cross-over

trial
by

V
an

M
eijland

M
ensink

(56)in
thirty-five

healthy
over-

w
eight

and
obese

m
en

and
w
om

en
indicated

that
daily

consum
ption

of
low

-fat
dairy

products
com

pared
w
ith

carbohydrate-rich
products

for
8

w
eeks,

significantly
reduced

systolic
B
P

by
2·9

m
m

H
g.

H
ow

ever,
a
recent

study
by

M
aki

et
al. (85)

observed
no

significant
effects

of
consum

ing
low

-fat
dairy

products,
com

pared
w
ith

low
-fat

non-dairy
products,

on
B
P

in
sixty-tw

o
m
en

and
w
om

en
w
ith

prehypertension
or

stage
1

hypertension
(85).

T
he

im
pactofdairy

foods
on

B
P
and

other
m
ore

novel
m
arkers

of
vascular

health
are

becom
ing

increasingly
relevant.

Increased
central

arterial
stiffening

is
a
hall-

m
ark

of
the

ageing
process

and
the

consequence
of

m
any

diseases
such

as
diabetes,

atherosclerosis
and

chronic
renal

failure.
A
rterial

stiffness
is

also
a
m
arker

for
increased

C
V
D

risk,
including

m
yocardial

infarc-
tion

(86),
heart

failure
(87)

and
total

m
ortality

(88),
as

w
ell

as
stroke

(89)
and

renal
disease

(90).
A
rterial

stiffness
is

m
easured

by
pulse

w
ave

velocity
and

augm
entation

index,
both

of
w
hich

are
predictive

of
heart

attacks
and

stroke
(91)and

all-cause
m
ortality

(92).P
ulse

w
ave

velocity
m
easures

the
speed

of
propagation

along
the

artery,
w
hereas

augm
entation

index
is

calculated
from

the
B
P

w
ave

form
and

is
based

on
the

degree
of

w
ave

re
flection.

Significant
relationships

betw
een

dairy
product

intake
and

arterial
pulse

w
ave

velocity
have

been
show

n
in

a
cross-sectional (93)

and
longitudinal (48)

cohort
studies.

L
ivingstone

et
al. (48)

used
data

from
the

C
aerphilly

P
rospective

Study,
based

on
2512

m
en

follow
ed

for
a

m
ean

of
15

years
and

show
ed

a
significant

inverse
rela-

tionship
betw

een
dairy

product
intake

and
augm

entation
index.

T
he

subjects
in

the
highest

quartile
of

dairy
product

intake
(m

ean
480

g/d),
excluding

butter,
had

2
%

(P
=
0·02)

low
er

augm
entation

index
com

pared
w
ith

subjects
w
ith

the
low

est
dairy

intake
(m

ean
154

g/d),
w
hereas

across
increasing

quartiles
of

butter
intake

there
w
as

no
im

pact
on

augm
entation

index,
but

a
sign-

ificant
increase

in
insulin,

serum
T
A
G

and
total

choles-
terol

concentrations,
and

diastolic
B
P
(48).

T
he

m
echanism

s
by

w
hich

m
ilk

and
dairy

products
m
ay

reduce
B
P
and

arterial
stiffness

are
unclear.

It
has

been
hypothesised

thatbioactive
peptides

released
during

m
ilk

protein
digestion,dairy

ferm
entation

or
industrially

by
enzym

e
or

chem
ical

treatm
ents,

m
ay

be
involved

in
the

relationship
betw

een
dairy

consum
ption

and
B
P
(94,95).

It
has

been
proposed

that
these

bioactive
pep-

tides
m
ay

inhibit
the

action
of

angiotensin
I
converting

enzym
e,

thereby
reducing

blood
levels

of
angiotensin,

preventing
blood

vessel
constriction,

and
m
odulating

endothelial
integrity.

B
allard

et
al. (96)

show
ed

that
con-

sum
ption

of
5
g

w
hey-derived

peptide
daily

for
a

2-w
eek

period
significantly

im
proved

brachial
artery

flow
-m

ediated
dilation

response
(96).

A
further

study
reported

that
although

w
hey

and
casein

exerted
sim

ilar
hypotensive

effects,
w
hey

protein
supplem

entation
(60

g/d
for

12
w
eeks)

significantly
reduced

augm
entation

index
com

pared
w
ith

casein
(60

g/d
for

12
w
eeks) (97),

an
effect

that
requires

con
firm

ation.
T
here

is
also

evidence
to

suggest
that

certain
peptides

from
m
ilk

proteins
m
ay

m
odulate

the
release

of
vasoconstrictor

endothelin-1
by

endothelial
cells,

thus
preventing

an
increase

in
B
P
(98).

M
ilk

also
contains

a
variety

of
other

biologically
active

com
ponents

such
as

calcium
,
potassium

and
m
agnesium

that
m
ay

exert
im

pact
on

B
P
and

arterial
stiffness (99).

C
onclusions

T
he

w
eight

of
existing

evidence
indicates

that
m
ilk

and
dairy

products
(excluding

butter)
are

not
associated

w
ith

detrim
entaleffects

on
C
V
D

risk
factors

and
m
ortal-

ity,
and

m
ay

even
exert

favourable
effects

on
C
V
D

risk,
by

low
ering

B
P
and

arterial
stiffness.

W
hile

the
specific

m
echanism

s
that

underpin
these

effects
are

not
clear,

the
unique

nutritional
com

position
of

m
ilk

and
dairy

foods
has

been
im

plicated
in

im
proving

vascular
function

and
in

attenuating
the

L
D
L
-C

-raising
property

of
SF

A
.

O
ur

present
dietary

guideline
to

reduce
intake

of
dietary

J.
A
.
L
ovegrove

and
D
.
A
.
H
obbs
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P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

SFA to 10 % of the total energy to lower CVD risk is still
valid, but the elimination of milk and dairy from our diet
is clearly not an evidence-based strategy for achieving
this aim.
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