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Abstract
Cardiovascular disease (CVD) risk factors, incidence and death increases from around the time of menopause comparing to

women in reproductive age. A healthy lifestyle can prevent CVD, but it is unclear which lifestyle factors may help

maintain and improve cardiovascular health for women after menopausal transition. We conducted a systematic review and

meta-analysis of prospective cohort studies to evaluate the association between modifiable lifestyle factors (specifically

smoking, physical activity, alcohol intake, and obesity), with CVD and mortality in middle-aged and elderly women.

Pubmed, Embase, among other databases and reference lists were searched until February 29th, 2016. Study specific

relative risks (RR) were meta-analyzed using random effect models. We included 59 studies involving 5,358,902 women.

Comparing current versus never smokers, pooled RR were 3.12 (95% CI 2.15–4.52) for CHD incidence, 2.09 (95% CI

1.51–2.89) for stroke incidence, 2.76 (95% CI 1.62–4.71) for CVD mortality and 2.22 (95% CI 1.92–2.57) for all-cause

mortality. Physical activity was associated with a decreased risk of 0.74 (95% CI 0.67–0.80) for overall CVD, 0.71 (95%

CI 0.67–0.75) for CHD, 0.77 (95% CI 0.70–0.85) for stroke, 0.70 (95% CI 0.58–0.84) for CVD mortality and 0.71 (95% CI

0.65–0.78) for all-cause mortality. Comparing moderate drinkers versus non-drinkers, the RR was 0.72 (95% CI 0.56–0.91)

for CHD, 0.63 (95% CI 0.57–0.71) for CVD mortality and 0.80 (95% CI 0.76–0.84) for all-cause mortality. For women

with BMI 30–35 kg/m2 the risk was 1.67 (95% CI 1.24–2.25) for CHD and 2.3 (95% CI 1.56–3.40) for CVD mortality,

compared to normal weight. Each 5 kg/m2 increase in BMI was associated with 24% (95% CI 16–33%) higher risk for all-

cause mortality. This meta-analysis suggests that physical activity and moderate alcohol intake were associated with a

reduced risk for CVD and mortality. Smoking and higher BMI were associated with an increased risk of these endpoints.

Adherence to a healthy lifestyle may substantially lower the burden of CVD and reduce the risk of mortality among

middle-aged and elderly women. However, this review highlights important gaps, as lack of standardized methods in

assessing lifestyle factors and lack of accurate information on menopause status, which should be addressed by future

studies in order to understand the role of menopause on the association between lifestyle factors and cardiovascular events.
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Introduction

As women age and reach menopause around the age of

50 years old, estrogen levels decline and there is a deteri-

oration of cardiovascular risk factors and increased risk of

CVD and mortality [1–6]. Therefore, menopause marks an

important period on women’s life to introduce preventive

strategies in reducing women’s risk of CVD and mortality.

Adequate changes in lifestyle such as healthy diet,

smoking cessation, ideal levels of physical activity,
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& Verônica Colpani

vecolpani@gmail.com

Extended author information available on the last page of the article

123

European Journal of Epidemiology (2018) 33:831–845
https://doi.org/10.1007/s10654-018-0374-z(0123456789().,-volV)(0123456789().,- volV)

https://doi.org/10.1007/s10654-018-0374-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s10654-018-0374-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10654-018-0374-z&amp;domain=pdf
https://doi.org/10.1007/s10654-018-0374-z


reductions of harmful alcohol intake and keeping a lean

body have shown to play a role in CVD prevention [7–12],

but the evidence is based mainly on men’s populations

[13]. Lifestyle factors affect the risk of CVD in both men

and women; however, the prevalence and physiological

effects may differ between sexes [14]. For instance, pro-

longed smoking is significantly more hazardous for women

than for men [14]. Also, emerging evidence indicates that

the amount of alcohol associated with cardiovascular

benefits is lower among women than it is among men,

meaning that the threshold where drinking becomes

harmful is lower in females than males [15]. Further, there

is little information on the association between lifestyle

factors, CVD and mortality in middle-aged and elderly

women, which face the highest burden of CVD [16].

Estrogen has multiple protective cardiovascular effects in

women before menopause, but with increasing age the

decline in estrogen levels may be harmful [17]. Several

lifestyle factors, such as obesity, alcohol intake and phys-

ical activity can affect health outcomes and modify the

levels of endogenous sex hormones in women, including

sex hormone levels [18–20]. Also, as women age and go

into menopause there is a shift in women towards an

increasing prevalence of adverse lifestyle risk factors,

including an increase in body weight and higher frequency

of alcohol consumption [15]. Previous systematic reviews

and meta-analysis examining the association between

lifestyle factors and CVD pooled the results for both men

and women, included women of different ages, and did not

look specifically at middle-aged and elderly women, being

a barrier for specific lifestyle recommendations in this

susceptible population.

We conducted a systematic review and meta-analysis to

examine the association between modifiable lifestyle fac-

tors (specifically smoking, physical activity, alcohol intake

and BMI) with CVD and mortality in middle-aged and

elderly women.

Methods

Search strategy and selection criteria

This review was conducted in accordance with the MOOSE

and PRISMA guidelines [21, 22]. Medical databases were

systematically searched (i.e. Pubmed, Embase, Medline,

Medline, WoS, Lilacs, Scielo, PsycInfo, Popline and

Google Scholar databases) up to February 29th, 2016 to

identify studies eligible (Supplementary Methods). Studies

were eligible for inclusion if the following criteria were

met: (1) cohort studies; (2) studies evaluating the effect of

at least one of the following lifestyle factors: smoking,

physical activity, alcohol intake, and obesity (BMI); (3)

studies with at least 2 months of follow-up; (4) studies

involving perimenopausal (period immediate prior to the

menopause and the first year after menopause) or post-

menopausal (12 consecutive months of spontaneous

amenorrhea with no obvious pathologic cause (natural

menopause)) women and/or mean age of the study popu-

lation[ 40 (menopause occurs between 40 and 60 years),

derived from the general population [23–26]; (5) studies

among women without CVD at baseline; (6) studies

reporting the following outcomes: overall CVD, fatal and

non-fatal CHD, stroke, CVD mortality and/or all-cause

mortality. Given the heterogeneity of how diet is measured

(e.g. micronutrients, macronutrients, and dietary patterns),

it was not included in the current review and would warrant

separate investigation.

Two independent reviewers undertook title/abstract and

full text selection. Data extraction was undertaken using

pre-defined data collection forms (Supplementary Meth-

ods). Leisure time physical activity (LPA) and walking

were separated as they are very common forms of physical

activity among women [27, 28]. Physical activity assess-

ment and the methodological quality of the studies [29] are

described in Supplementary Table 3.

Statistical methods

Findings are presented as mean ± standard deviation (SD),

proportions and relative risks (RR). Hazard ratios and

incidence density ratios were directly considered as relative

risks. Log RR’s of the most adjusted estimate in each study

were calculated. Standard errors (SE) of the log RR’s were

calculated using published confidence intervals.

Estimates were not included in the pooled results when

the reported reference categories were not comparable to

the other studies or cut-off values were not described, as

this prevented the assumption of a normal distribution

within that category. Given that studies lack standardiza-

tion describing physical activity levels, the relative risk

was calculated comparing the highest to lower exposure

categories in each study (Supplementary Methods).

Heterogeneity of findings across individual studies was

assessed by the I2 statistic and the Cochrane X2 statistic.

Summary log RR’s were calculated by pooling the study-

specific estimates using a random-effects model, in order

the minimize effects of between-study heterogeneity.

Meta-regression analyses were done to investigate how

different BMI categories [30] relate to outcomes (Supple-

mentary Methods). When possible, subgroup analyses were

conducted to investigate the major sources of study

heterogeneity, by characteristics such as duration of fol-

low-up, geographical region and age. A subgroup analysis

was restricted to women aged 50 and above as the majority
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of women experience menopause after the age of 50

[25, 26].

Publication bias and small studies effect across studies

was evaluated by using funnel plots and Egger tests [31].

Additionally, harvest plots were built to summarize the

evidence on the effect of combined lifestyle factors on

CVD, CHD, stroke and mortality [32].

All analyses were undertaken in Stata, version 11 (Sta-

taCorp, College Station, Texas). p\ 0.05 was used to

determine statistical significance.

Further methodological details are described in the

Supplementary Methods.

Results

Study characteristics

Of 6912 unique citations, 59 studies met the inclusion

criteria (Fig. 1, Table 1 and Supplementary References).

The studies comprised 5,358,902 women of which 10,519

experienced overall CVD, 27,943 CHD (fatal and non-fa-

tal), 15,323 strokes, 19,588 CVD mortality and 194,362

all-cause mortality. Of the 30 different prospective cohort

studies, 15 were from North America, 1 from South

America, 11 from Europe, and 3 from the Western Pacific

region.

Included studies had a follow-up ranging from 3.2 to

32 years. Most studies were well designed and defined

cohorts and therefore scored a high methodological quality

grading, with only three [33–35] scoring moderate quality.

Most of the studies were adjusted for confounders such

as age, smoking, physical activity, alcohol intake, hormone

replacement therapy and BMI. Few studies adjusted for

potential confounders such as education, menopausal status

and cardiovascular risk factors (Supplementary Table 3).

Smoking

Twenty articles evaluated smoking, comprising 2,828,086

women (Table 1a and e). Only one study reported overall

CVD, reporting that CVD risk was at least two times higher

for current compared to never smokers (Supplementary

Table 3) [36]. Compared to women who never smoke,

smokers had an increased risk of 3.12 (95% confidence

interval CI, 2.15–4.52) for CHD incidence, 2.09 (95% CI

1.51–2.89) for stroke incidence, 2.76 (95% CI 1.62–4.71)

for CVD mortality and 2.22 (95% CI 1.92–2.57) for all-

cause mortality (Fig. 2a).

Physical activity

Twenty-nine articles evaluated physical activity, compris-

ing 1,145,462 women, (Table 1b and e). Studies analysing

domains of physical activity other than LPA and walking

(e.g. occupational and transport time) are described in

Supplementary Table 3. Participants with the higher level

of LPA had a risk reduction of 26% (95% CI 20–33%) for

overall CVD incidence, 29% (95% CI 25–33%) for CHD

Records identified through 
databases searching 

(n = 6785)

Additional records identified  
through other sources  

(n = 127) 

Studies included  
(n =59) 

Records excluded based on  
title and abstract  

(n = 6726)

Full-text articles excluded 
(n = 127) 

• Duplicates (n=12)
• Different study design (n=42)
• Different population (n=44)
• Different outcome (n= 9)
• Different exposure (n= 16)
• No full text available (n=4)

Records screened  
(n =6912) 

Full text articles assessed  
for eligibility 

(n = 186)

Fig. 1 Flowchart for study

selection, adapted from

PRISMA statement
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incidence, 23% (95% CI 15–30%) for stroke incidence,

30% (95% CI 22–35%) for CVD mortality and 29% (95%

CI 25–31%) for all-cause mortality, compared to partici-

pants with the lowest level in each study (Fig. 2b). Also in

harvest plots, we observed an inverse association between

LPA and all outcomes (Supplementary Fig. 4).

Participants with the higher level of walking had a risk

reduction of 32% (95% CI 19–43%) for overall CVD

incidence, 25% (95% CI 14–36%) for CHD incidence,

19% (95% CI 6–31%) for stroke incidence and 28% (95%

CI 13–41%) for all-cause mortality, compared to the

lowest level of walking in each study (Fig. 2b). There was

no association between walking levels and CVD mortality.

Harvest plots showed a significant inverse association

between walking and the outcomes analyzed, except for

CVD mortality (Supplementary Fig. 4).

Alcohol intake

Seventeen articles evaluated alcohol intake, comprising

880,834 women (Table 1c and e). One study found no

association between moderate alcohol intake (\ 98 g/

weak, which corresponds to 1 dose of alcohol/day or

8–14 g of pure alcohol) and overall CVD [37]. Compared

to non-drinking, moderate drinkers had a reduced risk of

0.72 (95% CI 0.56–0.91) for fatal and non-fatal CHD, 0.63

(95% CI 0.57–0.71) for CVD mortality and 0.80 (95% CI

0.76–0.84) for all-cause mortality (Fig. 2c). Three studies

analysed the influence of alcohol intake on stroke, report-

ing no association with moderate intake (Supplementary

Ta
bl
e
1
(c
o
n
ti
n
u
ed
)

A
u
th
o
r,
Y
ea
r

P
er
io
d
o
f

su
rv
ei
ll
an
ce

S
tu
d
y

G
eo
g
ra
p
h
ic

lo
ca
ti
o
n

F
o
ll
o
w

u
p

(y
ea
rs
)

S
am

p
le

si
ze

M
ea
n
ag
e

(r
an
g
e)

L
if
es
ty
le

O
u
tc
o
m
e

O
u
tc
o
m
e

as
se
ss
m
en
t

N
u
m
b
er

o
f
ev
en
ts

M
en
o
p
au
sa
l

st
at
u
s

W
ei
n
st
ei
n

et
al
.

(2
0
0
8
)

1
9
9
2
-N

R
W
H
S

U
S
A

1
0
.9

3
8
,9
8
7

4
1
.9

P
h
y
si
ca
l
ac
ti
v
it
y
,
o
b
es
it
y

C
H
D

M
ed
ic
al

re
co
rd
s

9
4
8

C
H
D

C
o
ro
n
ar
y
h
ea
rt
d
is
ea
se
;
C
P
S
-I
I
C
an
ce
r
P
re
v
en
ti
o
n
S
tu
d
y
II
;
C
V
D

ca
rd
io
v
as
cu
la
r
d
is
ea
se
;
E
S
T
H
E
R
E
p
id
em

io
lo
g
is
ch
e
S
tu
d
ie

zu
C
h
an
ce
n
d
er

V
er
h
ü
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coronary heart disease, stroke, CVD mortality and all-cause mortality

in cohort studies. a Association of smoking habits and different

outcomes in cohort studies. Heterogeneity for all-cause mortality

I2 = 97.3%, p = 0.000; for CHD I2 = 98.4%, p = 0.000; CVD

mortality I2 = 98.5%, p = 0.000; stroke I2 = 96.3%, p = 0.000.

b Association of physical activity and different outcomes. Leisure

time physical activity, heterogeneity for overall CVD I2 = 0%,

p = 0.0; CHD I2 = 10.9%, p = 0.001; stroke I2 = 0%, p = 0.0; CVD

mortality I2 = 59.3%, p = 0.016; for all-cause mortality I2 = 37.8%,
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Table 3) [38–40]. A higher alcohol intake (98–322 gr/wk)

was not associated with CVD or all-cause mortality

(Fig. 2c).

Body mass index

Twenty articles evaluated BMI, comprising 5,173,769

women (Table 1d and e). Pooled results indicated an

increasing dose–response relation between weight gain

with CHD incidence and CVD mortality (Fig. 2d). Com-

pared to a BMI\ 25 kg/m2, the risk increased from 1.47

(95% CI 1.20–1.81) for BMI 25–30 kg/m2 to 1.67 (95% CI

1.24–2.25) for BMI 30–35 kg/m2 for CHD; and from 1.46

(95% CI 1.31–1.63) for BMI 25–30 kg/m2 category, 2.3

(95% CI 1.56–3.40) for BMI 30–35 kg/m2 category for

CVD mortality. For each 5 kg/m2 higher in BMI the risk of

mortality increased by 1.24 (95% CI 1.16–1.33) (Supple-

mentary Fig. 5). Two studies reported no relation between

BMI and stroke incidence (per 1-unit increase RR: 1.01,

95% CI 0.99–1.03 and 1.02, 95% CI 0.99–1.05) [39, 41].

Combined lifestyle factors

Six studies analysed a combination of lifestyle factors

combined and the risk for CVD mortality and overall

mortality (Table 1E). Results could not be meta-analyzed

due to heterogeneity of the studies with regard to definition

of lifestyle combinations, measurement, outcomes and

amount of clustered lifestyle categories (Supplementary

Fig. 6). Women combining several healthy lifestyle factors

had a lower risk of 78–83% for CHD [7, 42], 55% for

stroke incidence [10], 75% for overall CVD incidence [42],

between 58 and 88% for CVD mortality [43–45], and

between 42 and 76% for all-cause mortality [44, 45]

(Supplementary Table 3).

Time of follow-up ([ 10 years of follow-up) did not

explain the heterogeneity between groups (data not shown).

The effects estimate remained similar when studies were

grouped by region (USA and non-USA) and quality of

evidence. For the associations between smoking and CHD,

stroke and all-cause mortality, region did not explain the

heterogeneity (CHD non-USA 95.9% vs. USA 98.5%;

stroke non-USA 97.4% vs. USA 91.2%; all-cause non-

USA 98.3% vs. USA 89.6%). The exception was CVD

mortality, that did not shown heterogeneity among USA

group (Supplementary Table 4). Findings did not alter

when the analysis were restricted to women age

50 ? (Table 2). As estimates were generally symmetric

distributed in funnel plots, publication bias is unlikely

(Supplementary Fig. 7). Visual analysis and Egger tests

reported that the small studies effect is unlikely (p[ 0.05

for all studies).

Discussion

Among middle-aged and elderly women, LPA, walking

and moderate drinking were associated with a reduced risk

of overall CVD incidence, CHD incidence, stroke inci-

dence, CVD mortality and all-cause mortality. Current

smoking (compared to never smoking) and higher BMI

(compared to healthy BMI) were associated with an

increased risk of these endpoints.

Our findings confirm smoking as an important risk

factor for CVD and mortality in women [9]. Smoking has

an antioestrogenic effect, which modulates bone mass,

endometrium and breast tissue, affecting women‘s all-

cause mortality [46–48]. In smokers, low estrogen levels

could cause an adverse impact on lipid profile, with ele-

vations in cholesterol and triglyceride levels and reductions

in high-density lipoprotein cholesterol levels, leading to

endothelium dysfunction and atherosclerotic plaque for-

mation [46, 48, 49]. Furthermore, studies have indicated

that smoking could trigger premature menopause [14, 50].

Reducing smoking use, as well as, inciting early cessation

to prevent CVD and mortality are important public health

interventions that should be specifically tailed for women’s

preferences, attitudes and detailed smoking habits.

In our study LPA and walking findings echo the results

from previous meta-analyses up to 2010 which incorpo-

rated a broader age range (including women aged less than

40 years), reporting that LPA is associated with reduced

risk of CHD incidence, stroke incidence and all-cause

mortality [51, 52], and that walking is associated with a

reduced risk of CVD incidence and all-cause mortality [53]

in women. Our findings support the current guidelines

stating that any level of physical activity is better than

nothing and that engaging in more than 150 min/wk of

moderate physical activity reduces the risk for adverse

health outcomes [54–56]. Considering the health benefits

of physical activity upon cardiovascular function and sur-

vival, it is paramount that women are encouraged to engage

in physical activity of any level [50].

Our alcohol intake findings are in line with prior reviews

comprising men and wider age ranges [20, 57]. Contra-

dictory to our findings a 2010 meta-analysis reported an

inverse association for moderate alcohol intake only for

ischemic stroke, for both men and women [58]. The

mechanisms linking alcohol intake with CVD and mortal-

ity in women are not well understood. Alcohol intake may

have pro-estrogenic effects [59, 60]. The levels of dehy-

droepiandrosterone sulfate (DHEAS), a precursor of

estrogen, are increased with alcohol intake as a conse-

quence of adrenal secretion and can lead to increases in

HDL cholesterol [59, 60]. For each 30 g alcohol/day (* 2

doses of alcohol/day) there is an increase of 3.66 mg/dL of

840 V. Colpani et al.
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HDL and 8.67 mg/dL of apolipoprotein [61]. These factors

support the hypothesis that indirect pathways, such as sex

hormones and additional biomarkers, might explain the

association between alcohol intake and CVD in women. It

is also not clear whether wine provides a more protective

effect than other alcoholic beverages [61–63]. Further

research is required to examine different types of alcoholic

beverages, and their specific components are associated

with CVD outcomes.

In the current review, overweight and obesity were

associated with CHD incidence, CVD mortality and all-

cause mortality. We found no evidence that higher BMI

would be associated with a higher incidence of overall

CVD incidence or stroke incidence. Comparable associa-

tions were found in The Prospective Studies Collaboration,

where each 5 kg/m2 increase of BMI was associated with a

26% higher risk for all-cause mortality among women [64].

In the National Cancer Institute Cohort Consortium,

Table 2 Relative risk of the

association between lifestyle

factors and overall CVD,

coronary heart disease, stroke,

CVD mortality and all-cause

mortality in total sample and

women age 50?

N studies Total sample Women with mean age ?50y

RR N studies N total RR I2

Smoking

CHD 9 2.97 (2.00, 4.43) 6 1,926,082 2.64 (1.57, 4.44) 99.0%

Stroke 7 2.21 (1.56, 3.06) 5 1,871,913 1.96 (1.25, 3.06) 97.7%

CVD mortality 4 2.63 (1.35, 5.11) 2 83,975 1.88 (0.75, 4.69) 94.0%

All-cause mortality 7 2.20 (1.86, 2.61) 3 1,287,383 2.03 (1.25, 3.28) 98.9%

Moderate alcohol intake

CHD 5 0.72 (0.56, 0.91) 4 202,145 0.67 (0.52, 0.86) 40.9%

CVD mortality 3 0.63 (0.57, 0.71) 1 230,552 0.61 (0.60,0.62) –

All-cause mortality 4 0.80 (0.76, 0.84) 3 0.79 (0.74, 0.84) 0%

High alcohol intake

CVD mortality 2 1.30 (0.74, 2.26) 2 91,759 1.30 (0.74, 2.26) 0%

All-cause mortality 1 0.93 (0.70, 1.24) 1 55,360 0.93 (0.70, 1.24) –

Leisure-time PA

Overall CVD 1 0.74 (0.67, 0.8) 1 71,018 0.74 (0.67, 0.8) 0% %

CHD 7 0.71 (0.67, 0.75) 4 136,212 0.71 (0.65, 0.77) 23.4%

Stroke 5 0.77 (0.70, 0.85) 2 110,333 0.78 (0.69, 0.89) 6.2%

CVD mortality 3 0.70 (0.58, 0.84) 3 109,209 0.70 (0.58, 0.84) 59.3%

All-cause mortality 6 0.71 (0.65, 0.78) 5 153,332 0.70 (0.64, 0.78) 49.1%

Walking

Overall CVD 2 0.68 (0.57, 0.81) 1 73,743 0.68 (0.56, 0.82) –

CHD 4 0.75 (0.64, 0.86) 2 98,187 0.74 (0.52, 1.04) 65.3%

Stroke 3 0.81 (0.69, 0.94) 1 39,315 0.78 (0.58, 1.05) –

CVD mortality 2 0.72 (0.48, 1.06) 2 74,696 0.72 (0.48, 1.06) 64.4%

All-cause mortality 3 0.72 (0.59, 0.87) 3 102,430 0.72 (0.59, 0.87) 66.8%

BMI 25–30

CHD 2 1.47 (1.20, 1.81) 1 38,987 1.64 (1.39, 1.93) –

CVD mortality 1 1.46 (1.31, 1.63) – –

All-cause mortality 2 1.18 (1.12, 1.24) 1 50,186 1.17 (1.03, 1.32) –

BMI 30–35

CHD 3 1.67 (1.24, 2.25) 2 41,373 1.60 (0.83, 3.10) 71.7%

CVD mortality 2 2.30 (1.56, 3.40) 1 61,239 1.88 (1.66, 2.13) –

All-cause mortality 4 1.52 (1.37, 1.68) 3 1.46 (1.32, 1.60) 70.7%

BMI 35–40

All-cause mortality 3 1.81 (1.56, 2.10) 3 852,773 1.81 (1.56, 2.10) 69.8%

BMI[ 40

All-cause mortality 3 2.38 (2.16, 2.62) 3 802,587 2.38 (2.16, 2.62) 0%

BMI Body mass index; CI confidence interval; CHD coronary heart disease; CVD cardiovascular disease;

RR relative risk; N number; PA physical activity
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healthy women aged 19–84 years old had a 13% higher

risk for all-cause mortality if they were overweight and

44% if they were obesity class I [65]. Obesity might induce

a pro-inflammatory status, which subsequently might lead

to increasing CVD risk. Also, adipose tissue is an endo-

crine organ and affects levels of estradiol, which is altered

with menopause transition and suggesting a vicious circle

among higher weight, menopause and aging [66]. Obesity

is affected by demographic, socioeconomic status and

behavior, and as most studies adjusted for these factors

(including physical activity and diet) our findings may be

an underestimate of the full effects of obesity on cardio-

vascular risk [66].

On one hand, we found consistent evidence that com-

bine lifestyle factors are associated with CHD incidence,

CVD mortality and all-cause mortality. On the other hand,

we found limited evidence that combine lifestyle factors

are associated with overall CVD incidence and stroke

incidence. Previous meta-analyses have reported that four

healthy lifestyle factors combined reduced the risk of all-

cause mortality by 66% in a general population [67]. While

there have been efforts to define cardiovascular health [68],

there is still no consensus of the definition of a healthy

lifestyle, especially according to age and menopausal status

for women [69].

Compared with the most recent previous quantitative

reviews [9, 11, 12, 51, 52, 58, 70], our study had greater

precision including several larger and higher quality cohort

studies for various exposure-outcome associations (effect

of smoking, alcohol, LPA, walking and BMI on overall

CVD incidence, fatal and non-fatal CHD incidence, stroke

incidence, CVD mortality and all-cause mortality). Also,

previous analyses have not specifically evaluated these

associations among middle-aged and elderly women. Pro-

viding the correct health promotion information at each life

stage is an important aspect of public health and it was not

clear if the effect of lifestyle upon cardiovascular disease

outcomes differs by age for women. In addition, since most

studies did not report the estimates by menopausal status,

in our study we restricted a subgroup analysis among

women aged 50?, providing more information on the

association between lifestyle factors and risk of CVD and

mortality in postmenopausal women. Our analyses inclu-

ded a larger sample (more than 5 million) and a longer

follow-up than prior reviews.

However, some limitations merit consideration. Most

studies were conducted in the United States and Western

Europe, hence, the results may be not generalizable. To

limit the risk of reverse-causation (especially in women of

older age since they are more prone of suffering from a

disease which can lead to changes in lifestyle factors), we

excluded studies among women with chronic disease at

baseline and this may limit generalizability. Few studies

evaluated changes of lifestyle factors over time, which may

lead to potential misclassification of the exposures (i.e. as

part of treatment for chronic diseases). Many studies failed

to measure the use of hormone therapy or did not report

estimates by menopausal status. We followed the SWAN

study’s methodology, that reported using a cutoff age of 50

to distinguish premenopausal from postmenopausal women

offered the highest specificity and the lowest false posi-

tivity compared to menstrual history-based definitions [71],

to examine a proxy of menopause status. However, taking

age as a proxy for menopause status can introduce mis-

classification. For instance, among 227,700 women, 25%

aged 50–54 were classified as premenopausal, and 10% of

women aged 40–49 were classified as postmenopausal

[72]. Thus, future studies, with accurate information on

menopause status, are needed to address this issue.

Most studies that were identified adjusted for a range of

relevant confounders. However, some studies did not

examine the impact of traditional cardiovascular risk fac-

tors (serum lipids, diabetes, blood pressure and smoking) as

well as other factors (e.g. education). Therefore, the risk of

unmeasured confounding cannot be entirely ruled out.

We were unable to identify the reason for some of our

analyses having high heterogeneity. Heterogeneity among

studies may have derived in part from inherent bias of the

original studies but we were not able to explain it in our

subgroup analyses. Sources of heterogeneity are likely to

include population differences, including sample size,

ethnicity and menopausal status [24]. Further, the included

studies in the review used different methodology to assess

lifestyle factors; did not consider duration of smoking;

type, frequency and cut-off units of alcohol intake and

physical activity; or changes during the follow-up, which

might have contributed to the heterogeneity in effects

observed in our analyses. The number of available studies

in some analyses was small, precluding our ability to

quantitatively investigate the sources of the observed

heterogeneity. Typical to any literature-based review,

despite the conventional funnel plots and Egger test esti-

mates indicating minimal publication bias, we cannot

exclude the possibility of publication bias coming from

underreporting of negative findings.

Our risk estimates for the relation of several lifestyle

factors with CVD and mortality for middle-aged and

elderly women, are an essential motivation tool when

implementing preventive measures. Governments and

health care agencies require such scientific evidence to

direct their efforts in promoting primary prevention pro-

grams among middle-aged and elderly women, which may

also facilitate passive and active measures resulting in the

adoption of a healthy behavior among a population who are

at an increasing risk of CVD and mortality during and after

their transition to menopause.
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Future studies looking at lifestyle factors should include

standardized measures, as MET/wk (metabolic equivalent

per week) and minutes/wk, to facilitate the pooling effects

analysis. Combined lifestyle factors following guidelines

would be of great value and there are gaps in the literature

regarding lifestyle recommendations, specifically by

menopausal status.

A recent study, quantifying the risk of myocardial

infarction between men and women suggested that it is

unlikely that the risk when moving from pre to post-

menopause is due to hormone changes, and the risk

increase steadily with age [73]. Since the literature still

presents divergent results regarding menopause, age and

CVD risks, we believe it is important to improve the

methodological rigor of standardizing the results by

menopausal status.

Conclusion

Healthy lifestyle factors are associated with a reduced risk

of CVD and mortality in middle-aged and elderly women.

While engaging in physical activity and moderate alcohol

intake had a significant impact in reducing overall CVD

incidence, CHD incidence, stroke incidence, CVD mor-

tality or all-cause mortality, smoking and excessive adi-

posity were related to an increased risk of these endpoints.

These findings are an essential motivation tool for imple-

mentation of preventive strategies and to encourage women

to improve their lifestyles. Changes in sex hormones levels

have been suggested to mediate these effects, but the evi-

dence is not clear [73]. Therefore, future studies are

required to explore the mechanisms behind these

associations.
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