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Abstract Diet and cigarette smoking are key determinants
of cardiovascular diseases (CVD). The associations of some
nutrients/foods with CVD are unclear, however, and the dietary
pattern approach may better inform the relationships.
Furthermore, diet and smoking often occur together as part of
lifestyle patterns. In this article, studies that evaluated the asso-
ciations of dietary patterns and smoking status with CVD as well
as relationships between lifestyle patterns and CVD were
reviewed. Evidence supports the protective role of plant-based
dietary patterns for coronary artery disease (CAD) and cardio-
vascular mortality among nonsmokers and smokers. The inter-
relationships of dietary patterns and smoking status on
subclinical CVD, stroke, hypertension, heart failure, and pe-
ripheral arterial disease are inconclusive. Dietary patterns
high in refined grains, meats, and sugar-sweetened bever-
ages are harmful, especially for smokers. A healthy lifestyle
protects against CAD, hypertension, and cardiovascular
mortality, and probably stroke. More prospective studies
in diverse populations would be beneficial.
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Introduction

Cardiovascular diseases (CVD) remain the leading cause of
morbidity and mortality globally accounting for an

estimated 12 % of the global disease burden [1••] and
approximately US$863 billion in healthcare costs [2•, 3].
Approximately one-third of deaths in adults both globally
and in the United States are attributable to CVD [2•, 4•].

Diet is a key determinant of CVD, and a large body of
literature has examined the impact of the roles of individual
foods, nutrients, and beverages [5–7]. The Global Burden of
Disease Study 2010 found that dietary factors that contrib-
uted the most to the global CVD burden were diets low in
fruits and high in sodium as well as those low in nuts and
seeds, whole grains, vegetables, docosahexaenoic acid, and
eicosapentaenoic acid [8•]. In the United States, diets high
in salt and trans fatty acids and low in omega-3 fatty acids
were the most prevalent factors in 2005 [9]. While there is
strong evidence for the cardioprotective effects of fruits,
vegetables, whole grains, nuts, omega-3 fatty acids, and
moderate alcohol intake and harmful effects of trans fatty
acids and high salt intake [10–12], evidence for the associ-
ations of saturated fatty acids, monounsaturated fatty acids,
and linoleic acid with CVD is inconclusive due in part to
collinearity among the lipids [11, 13–15], which is difficult
to examine in “single nutrient” studies. Challenges like these
have led to the growing appreciation for considering dietary
patterns in nutritional epidemiologic research when examining
associations between diet and health outcomes. The dietary
pattern approach, which considers the cumulative effects and
interactions of nutrients and foods as well as biological in-
teractions among nutrients/foods and other metabolic factors,
has emerged as an alternative and complementary approach to
the conventional single nutrient/food analysis and is strategic
in guiding nutrition policy [6, 7, 16, 17••, 18].

Smoking is an additional lifestyle variable associated
with CVD, and tobacco use is the single major preventable
cause of mortality, contributing to approximately 10 % of
cardiovascular deaths globally and one-third of CVD deaths
in the United States [9, 19–21]. Nearly a quarter (24 %) of
adults worldwide and one-fifth (19 %) of U.S. adults are
cigarette smokers [22, 23]. Compared with nonsmokers,
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smokers have a two- to fourfold risk for both coronary artery
disease (CAD) and stroke [21, 24, 25]. Smoking cessation
lowers risk of nonfatal myocardial infarction (MI) by ap-
proximately 32 % and that of mortality by 36 % among
smokers with CAD; approximately 5 years after quitting,
smokers’ risk of stroke is equivalent to that of nonsmokers
[4•, 20, 21]. Notably, improved diet and decreases in ciga-
rette smoking (albeit offset recently by the rising obesity
rates) in addition to better treatment have contributed to
much of the decline in cardiovascular mortality globally
during the past three decades [26].

Whereas smoking and diet both contribute independently
to CVD, the two exposures often are correlated and often
occur together as part of overall lifestyle patterns, an expan-
sion of the dietary pattern approach in which multiple be-
haviors are included in a distinct pattern (e.g., diet, smoking,
physical activity, sedentary behavior, alcohol use, etc.)
[27–38]. The goal of this article was to review studies that
have considered the role of smoking status on the relation-
ship between dietary patterns and CVD as well as studies
that evaluated associations of lifestyle patterns and CVD.

Dietary and Lifestyle Patterns, Smoking, and CVD

As noted, two types of dietary patterns are commonly used in
nutritional epidemiology. A priori or theoretical patterns are
hypothesis-driven and are based on expert dietary guidelines
(such as the Healthy Eating Index [39]), which measures ad-
herence to the U.S. Dietary Guidelines for Americans [40]),
healthful traditional diets (such as the Mediterranean diet [41]),
or composite evidence-based nutrients and foods (such as the
Alternate Healthy Eating Index [42]). A priori patterns use a
score-based approach and are generally termed diet quality
indices [16, 43–45]. A posteriori or empirical patterns are
data-driven and define food and nutrient intake as actually
consumed. They are derived statistically mainly by factor
analysis and less commonly by cluster analysis. Reduced
rank regression, less frequently employed, utilizes food
groups that maximally explain intermediary biomarkers of
disease to predict health outcomes and derives a hybrid of
a priori and posteriori patterns [16, 43, 46].

In various populations, CVD-protective dietary patterns are
characterized by greater consumption of plant-based foods,
such as vegetables, fruits, nuts, andwhole grains, lean proteins,
such as fish, poultry, and soy, unsaturated vegetable oils, and
moderate alcohol consumption. Conversely, CVD-promoting
patterns generally include higher intakes of refined grains, red
and processed meats, trans fats, and sugar-sweetened bever-
ages [43–48, 49•]. Dietary intakes are shown to differ by
smoking status. For example, nonsmokers and former smokers
tend to have higher quality diets [50–55]; the converse is true
of smokers [50, 52, 53, 55–58]. Moreover, unhealthy lifestyle
habits, including poor quality diet, high alcohol intake,

cigarette smoking, and physical inactivity, tend to cluster
[27–38]. Thus, smoking can be considered as both a poten-
tial confounder and effect modifier of the diet-CVD rela-
tionship. Specifically, smoking is correlated with both diet
and CVD but is not in the causal pathway, thus it may
confound the association if not controlled for in multivari-
able adjustment. As an effect modifier, smoking may mod-
ify the effect of diet on CVD risk or may interact with diet
such that its impact on CVD varies depending on whether
one is a smoker or not. Studies considering the interrela-
tions of diet, smoking, and CVD have tested for both
confounding and interaction (effect modification) effects.

Mechanisms that Link Diet and Smoking with CVD

Atherosclerosis, whereby plaque builds up in the arteries, is
one mechanism underlying the development of CVD [4•, 59].
Inflammation is the key underlying feature of atherosclerosis
[59]. Such dietary factors as refined carbohydrates and
animal fat are hypothesized to induce oxidative stress that
stimulates secretion of proinflammatory cytokines [60, 61].
Other foods and nutrients, including fruits, vegetables,
fiber, and alcohol are anti-inflammatory and suppress ox-
idative stress, as do bioactive compounds, such as pheno-
lic compounds in extra virgin oil and resveratrol in red
grapes [60, 61]. Smoking similarly causes oxidative stress
[21].Additionally, smoking induces insulin resistance that
partly underlies the development of obesity, hypertension,
glucose intolerance, and dyslipidemias (hypertriglyceridemia,
elevated LDL-cholesterol, and low HDL-cholesterol),
which are established risk factors for CVD. Furthermore,
hypertrophied adipocytes particularly visceral adipocytes
produce free fatty acids (FFA), which in turn stimulate
insulin resistance, inflammation, and oxidative stress.
Adipocytes also produce proinflammatory cytokines. Insulin
resistance further enhances lipolysis and increases FFA pro-
duction, resulting in a vicious circle of lipolysis, increased
FFA, insulin resistance, and inflammation. Smoking likewise
causes hypertension through the sympathomimetic effects of
nicotine [21, 61–63]. Smoking cessation promotes insulin
sensitivity thereby improving metabolic profile [21].

Associations of A Priori Dietary Patterns and Smoking
Status with CVD

One cross-sectional study [64] and 17 prospective studies
[35, 65–80] in the United States and Europe have evaluated
the interrelationships of smoking status and a broad range of
diet quality indices with CVD. The Study of Health in
Pomerania examined the cross-sectional association between
lifestyle factors and carotid atherosclerosis among men and
women [64]. Mean carotid intima media thickness values
were higher in never smokers with an unfavorable Food
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frequency pattern (higher in meats, potatoes, pasta, and
lower in vegetables, fruits, fish) compared with those with
an optimal pattern (0.750 vs. 0.723 mm; P<0.04). Dietary
patterns were not associated with carotid atherosclerosis
among smokers.

Prospective studies are better able to show clear associ-
ations between exposures and disease, and many studies
have prospectively examined the effect of smoking status
on the relationship between diet quality indices and CAD,
stroke, heart failure, total CVD, and cardiovascular mortality
[35, 65–80] (Table 1). No statistically significant interactions
were reported in any of the studies that tested for interactions
[35, 65–67, 69–73, 75–78, 80]. However, interaction effects
can be difficult to detect [17••, 81] and statistical interaction
must be evaluated in light of biological plausibility.
Furthermore, while smoking can occur as part of an
overall lifestyle pattern, smoking also can confound
diet–CVD relationships. Five studies thus conducted
stratified analyses despite the nonsignificant interactions
[67, 69–71, 73] and two studies stratified analyses based on
a priori hypotheses [68, 80]. In the Nurses’ Health Study, a
higher Alternate Mediterranean Diet (aMED) score (higher in
vegetables, fruits, whole grains, legumes, nuts, fish, ratio of
monounsaturated to saturated fat, lower in red and processed
meats, and moderate in alcohol) conferred lower risk for CAD
in all women than a lower score (relative risk (RR) 0.71; 95 %
confidence interval (CI) 0.62–0.82), a finding that was
attenuated and became insignificant in current smokers
(RR 0.81; 95 % CI 0.56–1.77). However, the index was
not associated with stroke overall or among nonsmokers
and smokers [67].

The Dietary Approaches to Stop Hypertension (DASH)
diet that is high in vegetables, fruits, whole grains, legumes,
nuts, and low-fat dairy and low in red meats, processed meats,
refined grains, sugar-sweetened beverages, and sodium [82] is
recommended as an example of a healthy pattern by the U.S.
Dietary Guidelines for Americans [40] and the American
Heart Association [18] for CVD prevention. Women in the
Nurses' Health Study with high intakes on foods included in
the DASH diet similarly had lower risk for CAD when com-
paring the extreme quintiles. However, unlike the aMED, risk
for CAD was lower among smokers (35 %) than nonsmokers
(20 %) as was risk for stroke (33 % vs. 10 % in nonsmokers)
[69]. The DASH diet also lowered risk for heart failure among
nonsmokers (RR 0.63; 95 % CI 0.48–0.81) in the Swedish
Mammography Cohort [70] but was not associated with heart
failure among nonsmokers or smokers in the Cohort of
Swedish Men [71]. Adjusting for cigarette smoking, which
was considered as a confounder, is reported to have had the
strongest influence on the inverse association of the DASH
diet with total CVD in the Women’s Health Study and atten-
uated the findings. Additional stratified analyses were not
done [74].

Health effects of carbohydrate-restricted diets are unclear
and likely depend on type of fat and protein consumed as
part of the overall dietary pattern. Three low-carbohydrate
diets, including an overall low-carbohydrate-diet (high in fat
and protein and low in carbohydrate), a vegetable low-
carbohydrate (high in vegetable protein and fat), and an
animal low-carbohydrate (high in animal protein and fat)
were evaluated for their interactions with smoking status on
CAD [68•] and cardiovascular mortality [80] in the Nurses’
Health Study (NHS) and the Health Professionals Follow-up
Study (HPFS). The overall low-carbohydrate-diet index was
not associated with CAD in women (NHS) or cardiovascular
mortality among women and men (HPFS). However, the veg-
etable low-carbohydrate score lowered risk formortality in both
women (RR 0.77; 95%CI 0.66–0.91) andmen (RR 0.77; 95%
CI 0.65–0.92), whereas an animal low-carbohydrate score con-
ferred risk for mortality in men only (RR 1.21; 95 % CI 1.01–
1.44), comparing the highest and lowest deciles. Smoking
status had no effect on these relationships.

The relationship of the dietary behavior score and smoking
status with CAD mortality was assessed in the National
Institutes of Health–American Association of Retired
Persons Diet and Health Study. Participants with a higher
score (higher in vegetables, fruits, whole grains, low-fat dairy,
lean meats, poultry, and lower in solid fat intake) had a lower
risk for CAD mortality relative to those with a lower score.
Findings for the stratified analyses were not presented [67].

In summary, limited evidence based on only one cross-
sectional study suggests higher quality diet is beneficial for
nonsmokers with subclinical CVD. For CAD, evidence sup-
ports a protective effect of high-quality diet in nonsmokers
than smokers. Findings for stroke based on two studies in one
cohort of women are limited and inconclusive, which neces-
sitates more studies in other populations. Studies on stroke
subtypes also are essential because subtypes differ in their
pathophysiology [83, 84]. Evidence for the associations of
diet quality indices and smoking status with heart failure is
equivocal. Additionally, studies on heart failure subtypes are
needed as underlyingmechanismsmay vary [85]. Findings for
total CVD are uncertain, but studies on individual diseases
may be more informative. Accruing evidence for mortality
suggests that high-quality diet benefits both nonsmokers and
smokers. Conversely, lower diet quality confers risk for both
groups of smokers. There are no studies on peripheral artery
disease (PAD), yet smoking is the strongest behavioral risk
factor for the condition [86].

Associations of A Posteriori Dietary Patterns and Smoking
Status with CVD

Most of the studies that examined relationships of smoking
status and a posteriori patterns with CVDs were in the
United States and Europe [65, 87–97].

Curr Nutr Rep (2013) 2:113–125 115



T
ab

le
1

A
ss
oc
ia
tio

ns
of

a
pr
io
ri
di
et
ar
y
pa
tte
rn
s
an
d
sm

ok
in
g
st
at
us

w
ith

ca
rd
io
va
sc
ul
ar

di
se
as
es

in
pr
os
pe
ct
iv
e
st
ud

ie
sa

R
ef
er
en
ce

S
tu
dy

po
pu

la
tio

n
S
ex

(%
)

F
/U

(y
rs
)

D
ie
t
Q
ua
lit
y
In
de
x

R
es
ul
ts

C
or
on

ar
y
ar
te
ry

di
se
as
e

O
sl
er

et
al
.,
20

02
[6
5]

D
an
is
h
M
O
N
IC
A

co
ho

rt
5,
83

4
ad
ul
ts
,
ag
ed

30
–7

0
yr

M
:
51

F
:
49

4–
13

H
ea
lth

y
fo
od

in
de
x

H
ig
h
H
F
I
vs
.
lo
w

H
F
I:
R
R
(9
5
%

C
I)
1.
21

(0
.8
–1
.8
2)

(P
-i
nt
er
ac
tio

n
N
S
)

B
uc
kl
an
d
et

al
.,
20

09
[6
6]

S
pa
ni
sh

E
P
IC

co
ho

rt
41

,0
78

ad
ul
ts
,
ag
ed

20
–6
9
yr

M
:
38

F
:
62

10
.4

R
el
at
iv
e
M
ed
ite
rr
an
ea
n

D
ie
t
sc
or
e

H
ig
h
rM

E
D

vs
.
lo
w

rM
E
D
:
H
R
(9
5
%

C
I)

0.
6
(0
.4
7–
0.
77

)
(P
-i
nt
er
ac
tio

n
N
S
)

F
un

g
et

al
.,
20

09
[6
7]

N
H
S
co
ho

rt
74

,8
86

ad
ul
ts
,

ag
ed

38
–6
3
yr

W
:
10

0
20

A
lte
rn
at
e
M
ed
ite
rr
an
ea
n

D
ie
t
sc
or
e

Q
ui
nt
ile
s
5
vs
.
qu

in
til
e
1:

R
R
(9
5
%

C
I)

A
ll
w
om

en
:
0.
71

(0
.6
2–

0.
82

)
(P
-i
nt
er
ac
tio

n
N
S
)
N
on

sm
ok

er
s:
0.
66

(0
.5
6–

0.
77

);
S
m
ok

er
s:
N
S

H
al
to
n
et

al
.,
20

06
[6
8]

N
H
S
co
ho

rt
82

,8
02

w
om

en
,

m
ea
n
ag
e
56

yr
W
:
10

0
20

L
ow

-C
ar
bo

hy
dr
at
e
D
ie
t

sc
or
e

D
ec
ile

10
vs
.
de
ci
le

1:
R
R
(9
5
%

C
I)

A
ll
ad
ul
ts
:
0.
94

(0
.7
6–

1.
18

)
[S
tr
at
if
ie
d
an
al
ys
es
:
da
ta

no
t
av
ai
la
bl
e]

F
un

g
et

al
.,
20

08
[6
9]

N
H
S
co
ho

rt
88

,5
17

w
om

en
,

ag
ed

34
–5
9
yr

W
:
10

0
24

D
A
S
H

sc
or
e

Q
ui
nt
ile

5
vs
.
qu

in
til
e
1:

R
R
(9
5
%

C
I)

A
ll
w
om

en
:
0.
76

(0
.6
7–

0.
85

)
(P
-i
nt
er
ac
tio

n
N
S
)
N
on

sm
ok

er
s:
0.
8)

(9
5
%

C
I
no

t
av
ai
la
bl
e;

re
po

rt
ed

as
si
gn

if
ic
an
t)
;
S
m
ok

er
s:
0.
65

(9
5
%

C
I

no
t
av
ai
la
bl
e;

re
po

rt
ed

as
si
gn

if
ic
an
t)

S
tr
ok

e

F
un

g
et

al
.,
20

09
[6
7]

N
H
S
co
ho

rt
74

,8
86

w
om

en
,

ag
ed

38
–6
3
yr

W
:
10

0
20

A
lte
rn
at
e
M
ed
ite
rr
an
ea
n

D
ie
t
sc
or
e

Q
ui
nt
ile

5
vs
.
qu

in
til
e
1:

R
R
(9
5
%

C
I)

A
ll
w
om

en
,
no

ns
m
ok

er
s,
an
d
sm

ok
er
s:

N
S
(P
-i
nt
er
ac
tio

n
N
S
)

F
un

g
et

al
.,
20

08
[6
9]

N
H
S
co
ho

rt
88

,5
17

w
om

en
,

ag
ed

34
–5
9
yr

W
:
10

0
24

D
A
S
H

sc
or
e

Q
ui
nt
ile

5
vs
.
qu

in
til
e
1:

R
R
(9
5
%

C
I)

A
ll
w
om

en
:
0.
82

(0
.7
1–

0.
94

)
(P
-i
nt
er
ac
tio

n
N
S
)
N
on

-s
m
ok

er
s:
0.
9

(9
5
%

C
I
no

t
av
ai
la
bl
e;

re
po

rt
ed

as
si
gn

if
ic
an
t)
;
S
m
ok

er
s:
0.
67

(9
5
%

C
I

no
t
av
ai
la
bl
e;

re
po

rt
ed

as
si
gn

if
ic
an
t)

H
ea
rt
fa
ilu

re

L
ev
ita
n
et

al
.,
20

09
[7
0]

S
M
C
36

,0
19

w
om

en
,
ag
ed

48
–8
3
yr

W
:
10

0
7

D
A
S
H

sc
or
e

Q
ua
rt
ile

4
vs
.
qu

ar
til
e
1:

R
R
(9
5
%

C
I)

A
ll
w
om

en
:
0.
63

(0
.4
8–

0.
81

)
(P
-

in
te
ra
ct
io
n
N
S
)
N
on

-s
m
ok

er
s:
0.
7

(0
.4
7–

0.
86

);
S
m
ok

er
s:
N
S

L
ev
ita
n
et

al
.,
20

09
[7
1]

C
O
S
M

co
ho

rt
38

,9
87

m
en
,

ag
ed

45
–7
9
yr

M
:
10

0
8

D
A
S
H

sc
or
e

Q
ua
rt
ile

4
vs
.
qu

ar
til
e
1:

R
R
(9
5
%

C
I)

A
ll
m
en
:
0.
78

(0
.6
5–
0.
95

)
(P
-i
nt
er
ac
tio

n
N
S
)
N
on

-s
m
ok

er
s

an
d
sm

ok
er
s:
N
S

To
ta
l
ca
rd
io
va
sc
ul
ar

di
se
as
es

M
cC

ul
lo
ug

h
et

al
.,
20

00
[7
2]

H
P
F
S
co
ho

rt
38

,6
22

m
en
,

ag
ed

40
–7
5
yr

M
:
10

0
8

F
F
Q
-d
er
iv
ed

H
ea
lth

y
E
at
in
g

In
de
x
(H

E
I-
f)

Q
ui
nt
ile
s
5
vs
.
1:

R
R
(9
5
%

C
I)
A
ll
m
en
:

0.
72

(0
.6
–0
.8
8)

[P
-i
nt
er
ac
tio

n
an
d
st
ra
tif
ie
d

an
al
ys
es

no
t
av
ai
la
bl
e]

116 Curr Nutr Rep (2013) 2:113–125



T
ab

le
1

(c
on

tin
ue
d)

R
ef
er
en
ce

S
tu
dy

po
pu

la
tio

n
S
ex

(%
)

F
/U

(y
rs
)

D
ie
t
Q
ua
lit
y
In
de
x

R
es
ul
ts

M
cC

ul
lo
ug

h
et

al
.,
20

00
[7
3]

N
H
S
co
ho

rt
67

,2
72

w
om

en
,

ag
ed

38
–6
3
yr

W
:
10

0
12

F
F
Q
-d
er
iv
ed

H
ea
lth

y
E
at
in
g

In
de
x
(H

E
I-
f)

Q
ui
nt
ile
s
5
vs
.
1:

R
R
(9
5
%

C
I)

A
ll
w
om

en
:
N
S
(P
-i
nt
er
ac
tio

n
N
S
)

[S
tr
at
if
ie
d
an
al
ys
es
:
D
at
a
no

t
av
ai
la
bl
e]

F
itz
ge
ra
ld

et
al
.,
20

12
[7
4]

W
H
S
co
ho

rt
34

,8
27

w
om

en
,

ag
ed

≥4
5
yr

W
:
10

0
14

.6
D
A
S
H

sc
or
e

Q
ui
nt
ile
s
5
vs
.
1:

H
R
(9
5
%

C
I)

M
ul
tiv

ar
ia
bl
e-
ad
ju
st
ed
:
0.
64

(0
.5
3–

0.
77

)
M
V
-a
dj
us
te
d
+
sm

ok
in
g:

0.
82

(0
.6
8–
1.
00

)

M
or
ta
lit
y

S
ey
m
ou

r
et

al
.,
20

03
[7
5]

A
C
S
C
P
S
II
N
ut
ri
tio

n
C
oh

or
t

11
5,
83

3
ad
ul
ts
,
ag
ed

50
–7
9
yr

M
:
45

.5
W
:
54

.5
4

D
ie
t
Q
ua
lit
y
In
de
x

L
ow

D
Q
I
vs
.
hi
gh

D
Q
I:
R
R
(9
5
%

C
I)
M
en
:

N
S
;
W
om

en
:
N
S
(P
-i
nt
er
ac
tio

n
N
S
)

K
an
t
et

al
.,
20

00
[7
6]

B
C
D
D
P
co
ho

rt
42

,2
54

w
om

en
,

m
ea
n
ag
e
61

yr
W
:
10

0
5.
6

R
ec
om

m
en
de
d
fo
od

sc
or
e

Q
ua
rt
ile

5
vs
.
qu

ar
til
e
1:

R
R
(9
5
%

C
I)
C
A
D
:

0.
67

(0
.4
7–

0.
95

)
S
tr
ok

e:
0.
58

(0
.3
5–

0.
96

)
(P
-i
nt
er
ac
tio

n
N
S
)

K
al
uz
a
et

al
.,
20

03
[7
7]

C
O
S
M

co
ho

rt
40

,8
37

m
en
,
ag
ed

45
–7
9
yr

M
:
10

0
7.
7

R
ec
om

m
en
de
d
fo
od

sc
or
e;

no
n-
re
co
m
m
en
de
d
fo
od

sc
or
e

H
ig
h
R
F
S
vs
.
lo
w

R
F
S
H
R
(9
5
%

C
I
0.
71

(0
.5
4–

0.
93

)
(P
-i
nt
er
ac
tio

n
N
S
)
H
ig
h
no

n-
R
F
S

vs
.
lo
w

no
n-
R
F
S
:
H
R
(9
5
%

C
I)
1.
27

(1
.0
5–

1.
54

)
(P
-i
nt
er
ac
tio

n
N
S
)

K
no

op
s
et

al
.,
20

04
[3
5]

H
A
L
E
co
ho

rt
2,
33

9
ad
ul
ts
,

ag
ed

70
–9
0
yr

M
:
64

.4
W
:
35

.6
10

M
ed
ite
rr
an
ea
n
di
et

sc
or
e

H
ig
h
M
D
S
vs
.
lo
w

M
D
S
:
H
R
(9
5
%

C
I)
C
A
D

m
or
ta
lit
y:

0.
61

(0
.4
3–

0.
88

)
C
V
D

m
or
ta
lit
y:

0.
71

(0
.5
8–

0.
88

)
(P
-i
nt
er
ac
tio

n
N
S
)

K
an
t
et

al
.,
20

09
[7
8]

N
IH

-A
A
R
P
D
ie
t
an
d
H
ea
lth

y
S
tu
dy

35
0,
88

6
ad
ul
ts
,
ag
ed

50
–7
1
yr

M
:
57

W
:
43

10
.5

D
ie
ta
ry

be
ha
vi
or

sc
or
e

Q
ui
nt
ile

5
vs
.
qu

in
til
e
1:

R
R
(9
5
%

C
I)
C
A
D

m
or
ta
lit
y
M
en
:
0.
77

(0
.6
7–

0.
88

)
W
om

en
:
0.
7

(0
.5
6–

0.
87

)
[P
-i
nt
er
ac
tio

n
an
d
st
ra
tif
ie
d

an
al
ys
es

no
t
av
ai
la
bl
e]

K
an
t
et

al
.,
19

95
[7
9]

N
H
A
N
E
S
I
E
pi
de
m
io
lo
gi
c

fo
llo

w
-u
p
st
ud

y
10

,3
37

ad
ul
ts
,

ag
ed

25
–7
4
yr

N
ot

av
ai
la
bl
e

14
D
ie
ta
ry

di
ve
rs
ity

sc
or
e

S
m
ok

in
g
st
at
us

ap
pe
ar
s
to

ha
ve

at
te
nu

at
ed

th
e

in
ve
rs
e
as
so
ci
at
io
n
of

D
D
S
an
d
C
V
D

m
or
ta
lit
y

bu
t
da
ta

no
t
av
ai
la
bl
e

F
un

g
et

al
.,
20

10
[8
0]

N
H
S
co
ho

rt
85

,1
68

w
om

en
,

ag
ed

40
–6
5
yr

W
:
10

0
26

L
ow

-c
ar
bo

hy
dr
at
e
di
et

sc
or
e

D
ec
ile

10
vs
.
de
ci
le

1:
R
R
(9
5
%

C
I)
O
ve
ra
ll

lo
w
-c
ar
bo

hy
dr
at
e
sc
or
e:

N
S
A
ni
m
al

lo
w
-

ca
rb
oh

yd
ra
te

sc
or
e
M
en
:
1.
21

(1
.0
1–

1.
44

);
W
om

en
:
N
S
V
eg
et
ab
le

lo
w
-c
ar
bo

hy
dr
at
e
sc
or
e

M
en
:
0.
77

(0
.6
5–

0.
92

)
W
om

en
:
0.
77

(0
.6
6–

0.
91

)
S
m
ok

er
s
an
d
no

n-
sm

ok
er
s:
C
om

pa
ra
bl
e

re
su
lts

(d
at
a
no

t
av
ai
la
bl
e)

H
P
F
S
co
ho

rt
44

,5
45

m
en
,
ag
ed

50
–8
5
yr

M
:
10

0
20

a
F
or

ea
ch

ou
tc
om

e,
ar
ra
ng

ed
ac
co
rd
in
g
to

fo
llo

w
-u
p
du

ra
tio

n.
D
ie
t
w
as

as
se
ss
ed

us
in
g
th
e
fo
od

fr
eq
ue
nc
y
qu

es
tio

nn
ai
re

in
al
l
st
ud

ie
s.

M
O
N
IC
A
=
M
ul
tin

at
io
na
l
M
O
N
It
or
in
g
of

tr
en
ds

an
d
de
te
rm

in
an
ts
in

C
A
rd
io
va
sc
ul
ar

di
se
as
e;
E
P
IC

=
E
ur
op

ea
n
P
ro
sp
ec
tiv

e
In
ve
st
ig
at
io
n
in
to

C
an
ce
r
an
d
N
ut
ri
tio

n;
N
H
S
=
N
ur
se
s
H
ea
lth

S
tu
dy

;
D
A
S
H
=
D
ie
ta
ry

A
pp

ro
ac
he
s
to

S
to
p
H
yp

er
te
ns
io
n;

S
M
C
=
S
w
ed
is
h
M
am

m
og

ra
ph

y
C
oh

or
t;
C
O
S
M

=
C
oh

or
t
of

S
w
ed
is
h
M
en
;H

P
F
S
=
H
ea
lth

P
ro
fe
ss
io
na
ls
F
ol
lo
w
-u
p
S
tu
dy

;
W
H
S
=
W
om

en
’s

H
ea
lth

S
tu
dy

;
A
C
S
C
P
S
II
=
A
m
er
ic
an

C
an
ce
r
S
oc
ie
ty

C
an
ce
r
P
re
ve
nt
io
n
S
tu
dy

II
;
B
C
D
D
P
:
B
re
as
t
C
an
ce
r
D
et
ec
tio

n
D
em

on
st
ra
tio

n
P
ro
je
ct
;
H
A
L
E
=
H
ea
lth

y
A
ge
in
g:

a
L
on

gi
tu
di
na
l
st
ud

y
in

E
ur
op

e;
N
IH

-A
A
R
P
=
N
at
io
na
l
In
st
itu

te
s
of

H
ea
lth

–A
m
er
ic
an

A
ss
oc
ia
tio

n
of

R
et
ir
ed

P
er
so
ns

D
ie
t
an
d
H
ea
lth

S
tu
dy

;
N
H
A
N
E
S
=
N
at
io
na
l
H
ea
lth

an
d
N
ut
ri
tio

n
E
xa
m
in
at
io
n
S
ur
ve
y.

Curr Nutr Rep (2013) 2:113–125 117



Three cross-sectional studies evaluated the interrelation-
ships of dietary patterns and smoking status with subclinical
CVD and hypertension [87–89]. A reduced rank regression-
derived pattern (high in total fat, saturated fat, processed
meats, sodas and low in fiber, vegetables) was positively
associated with carotid artery atherosclerosis in the Multi-
Ethnic Study of Atherosclerosis [87]. A fruit and milk
pattern conferred low risk for hypertension in the Shanghai
Men’s Health Study comparing the highest to lowest intake
[89], as did a fruit and vegetable pattern among military
personnel in Cameroon [88]. There were no statistically
significant interactions between the patterns and smoking
status in all the studies. However, the inverse association
between the fruit and milk pattern and hypertension was
stronger in smokers.

To elucidate the relationships, nine studies prospectively
assessed the associations of empirical patterns and smoking
status on subclinical heart disease, CAD, stroke, and cardio-
vascular mortality [65, 90–97] (Table 2). Stratified analyses
were conducted based on a priori hypotheses in three stud-
ies [90, 92, 93]. Studies that tested for interactions did not
report any statistically significant results [65, 94–97]; of
these, three studies performed stratified analyses [94–96].
In the Framingham Offspring/Spouse Study, women with a
Heart Healthy pattern (higher in vegetables, fruits, low-fat
dairy, and legumes and lower in diet beverages) who had never
smoked or formerly smoked were less likely to develop sub-
clinical heart disease than current smokers with less heart
healthy patterns. Heart healthy never smokers had the lowest
risk (83 %) for carotid artery stenosis. Heart healthy former
smokers (odds ratio (OR) 0.41; 95 % CI 0.2–0.79), less heart
healthy, never smokers (OR 0.33; 95%CI 0.21–0.53), and less
heart healthy, former smokers (OR 0.34; 95 % CI 0.21–0.57)
had substantially low risk as well. Only the heart healthy
pattern in association with current smoking was not signifi-
cantly associated with carotid stenosis (OR 0.56; 95 % CI
0.21–1.34), which the authors attributed to the cluster’s small
sample size. As such, it appears that the heart healthy pattern
benefited smokers as well [90].

In both the Health Professionals Follow-up Study (HPFS)
[92] and the Nurses’ Health Study (NHS) [93], the Prudent
pattern (high in vegetables, fruits, whole grains, legumes)
conferred lower risk for CAD, whereas the western pattern
(high in refined grains, red and processed meats, high-fat
dairy, sugar sweetened beverages) was associated with
greater risk when comparing the highest to the lowest
quintile. Comparable findings were observed in smokers
and nonsmokers. Among men (HPFS), the Prudent pattern
had a greater effect in non-smokers (36 % lower risk vs.
18 % in smokers), whereas associations with the western
pattern were stronger in smokers (2.7-fold higher risk vs. 21%
in nonsmokers). In women (NHS), a higher western pattern
score likewise increased risk for total stroke (relative risk (RR)

1.58; 95% CI 1.15–2.15) and ischemic stroke (RR 1.56; 95%
CI 1.05–2.33); the Prudent pattern was not associated with
stroke. Both patterns were not associated with hemorrhagic
stroke most likely due to the limited number of hemorrhagic
stroke cases. Smoking status did not modify these results [94].

Among middle-aged and older participants of the Ohsaki
National Health Insurance study, current smoking status
attenuated the inverse relationship between the Japanese
factor (high in vegetables, fruits, soybean products, fish,
seaweeds, green tea) and cardiovascular mortality, which
subsequently became insignificant [96]. Another prospec-
tive study in Bangladesh showed that the animal protein factor
(high in eggs, milk, red meat, poultry, wheat bread, vegetables)
was associated with cardiovascular mortality only among
smokers (RR 1.17; 95%CI 1.02–1.34) [95]. Greater consump-
tion of a comparable pattern derived by reduced rank regres-
sion (high in meat, soft drinks, beer and lower in vegetables,
fruits, whole-meal bread, cereals, dairy products) increased
risk for CAD and CVD mortality in a German cohort. In this
study, adjustment for smoking status, which was considered
as a confounder, attenuated the findings; however, stratified
analyses were not conducted [91].

In summary, limited evidence suggests higher quality diet
benefits nonsmokers and former smokers with subclinical
CVD. Emerging evidence suggests that higher quality diet
also is beneficial for both nonsmokers and smokers with
CAD. For stroke, there is inconclusive evidence that is
based on only one study. More studies, including studies
on stroke subtypes, are required. Findings for hypertension
based on cross-sectional studies suggest higher quality diet
protects against hypertension in both nonsmokers and
smokers. Limited evidence for mortality suggests a protec-
tive effect of higher quality diet for never smokers and
former smokers, but the evidence for smokers is uncertain.
Lower quality diet is shown to be harmful, particularly for
smokers. There is a need for prospective studies on hyper-
tension, PAD, and heart failure.

Associations of Lifestyle Patterns with CVD

Because lifestyle variables tend to cluster together (e.g., diet,
smoking, alcohol use, physical activity, sedentary behavior),
investigators have more recently began to examine lifestyle
patterns to better understand the relationships between behav-
ioral factors and health outcomes. Several studies in predom-
inantly Caucasian cohorts have prospectively evaluated the
combined effect of dietary patterns, smoking, alcohol con-
sumption, physical activity, overweight/obesity, and abdomi-
nal obesity on CVD [28–38] (Table 3). In nine prospective
studies, having a low-risk lifestyle (a healthy diet, not currently
a smoker, low to moderate alcohol intake, physically active,
not overweight or obese (body mass index (BMI) <25 kg/m2),
not abdominally obese (WHR <0.85 [women]) was associated
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with a lower risk for MI, total CAD, hypertension, total CVD,
and cardiovascular mortality [28–31, 34–38]. Findings for
stroke were inconsistent with one study by Ford et al. [29]
showing no association with total stroke. Hemorrhagic stroke
also was not associated with a healthy lifestyle in theWomen’s
Health Study [32] perhaps due to the small sample size.
Additionally, individual factors independently lowered risk
for CVD except the Alternate Healthy Eating Index, which
was found to increase risk for stroke in the Women’s Health
Study [32].

In summary, substantial evidence supports a protective
role of a low-risk lifestyle for CAD, total CVD, and cardio-
vascular mortality. Ischemic stroke may benefit from a low-
risk lifestyle; however, findings for hemorrhagic stroke are
inconclusive. Limited evidence based on one study suggests
that a low-risk lifestyle protects against hypertension. These
findings thus indicate a need for more studies on stroke,
stroke subtypes, and hypertension. The relationships of
healthy behaviors with subclinical CVD, heart failure, and
PAD are yet to be evaluated.

Discussion

Together, the evidence from a priori and a posteriori dietary
patterns as well as lifestyle patterns show that lifestyle patterns
may better inform the associations of diet and smoking with
CVD. First, it is well established that smoking confounds the
association between diet and CVD. Thus, all studies reviewed
adjusted for smoking in their analysis [35, 64–80, 87–97] and
showed that the effect of diet is attenuated when smoking is
considered [73, 91]. However, as discussed, smoking may
interact with diet and modify the effect of diet on CVD,
which has been an increasing focus of more recent stud-
ies. The studies show that higher quality diet protects
against CAD, cardiovascular mortality, hypertension, and
subclinical CVD in nonsmokers and smokers [35, 64, 66,
67, 69, 76–78, 80, 88–90, 92, 93, 95, 97]. That said, a
healthy diet might similarly potentially benefit nonsmokers
and smokers with stroke and heart failure [69–71].
However, lack of a detected interaction between dietary
patterns and smoking status in the studies is not unusual
because interaction effects can be difficult to detect.
Moreover, even when observed, effect modification often
is not replicable [17••, 81]. Thus, some studies stratified
analyses by smoking categories and demonstrated that a
healthy diet protects against CAD [69, 92, 93] and prob-
ably subclinical CVD [90], ischemic stroke [94], hyperten-
sion [89], as well as cardiovascular mortality [80] among
both nonsmokers and smokers.

Perhaps in part because of the difficulty in teasing
out the complex associations between diet and smoking,
specifically due to its impact as both a confounder andT
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effect modifier, the more recent studies on overall life-
style patterns have contributed to our understanding of
relationships between diet and CVD. Findings show that
it is important to consider all CVD lifestyle factors
together and that a healthy lifestyle is protective of
CVD. Although most of the studies were performed in
whites, findings may be generalizable to other racial/ethnic
populations because the underlying biological mecha-
nisms of lifestyle factors and CVD are likely similar
in humans, although genetics may account for any
within- and between-population differences. For exam-
ple, the INTERHEART study [98, 99] showed that low
intakes of vegetables and fruits, smoking, high alcohol
consumption, and physical inactivity contributed to
much of the MI and stroke burdens in all world regions.
The study also demonstrated that the western pattern
conferred risk for MI, whereas a healthy pattern
protected against MI and stroke in all populations,
which included Africans, Asians, Hispanics, and
Caucasians [99, 100]. Thus, a standardized approach
can be adopted for CVD prevention.

Conclusions

The current body of scientific evidence, albeit mainly
from western countries, supports the protective role of
diets high in plant-based foods, fish, poultry, and low-fat
dairy as well as moderate alcohol consumption for CAD
and cardiovascular mortality among both nonsmokers
and smokers. The associations of dietary patterns and
smoking status on subclinical CVD, stroke, hypertension,
and heart failure are inconclusive, whereas relationships
on PAD are yet to be examined. “Western”-type diets
high in refined grains, meats, high-fat dairy, and sugar-
sweetened beverages appear to confer risk in all individ-
uals, and the effect appears to be larger among smokers.
A growing body of literature considering diet and
smoking together alongside other lifestyle variables has
shown that a healthy lifestyle is beneficial for CAD,
hypertension, and cardiovascular mortality, and potential-
ly protective against stroke; this approach may offer
more insight into the complex relationships of diet and
smoking status with CVD. To move forward our under-
standing of CVD outcomes, including subclinical heart
disease, heart failure, and PAD, more prospective studies
are needed, and studies in diverse populations would be
beneficial.
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