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Abstract

Objectives The effect of modifiable stroke risk factors in
terms of prevented cases remains unclear due to sex-
specific disease rate and risk factors prevalence. Our aim
was to estimate their impact on stroke by gender through
population-attributable fraction (PAF), preventive fraction
(PF) and their combination in EPIC-Italian cohort.
Methods 43,976 participants, age 3475, and free of car-
diovascular disease at baseline (1993—-1998) were followed
up for almost 11 years. Adjusted hazard ratios and PAF
were estimated using Cox models.
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Results We identified 386 cases. In males, the burden for
stroke was 17% (95% CI 4-28%) for smoking and 14%
(95% CI 5-22%) for alcohol consumption. In females,
hypertension was carrying the biggest burden with 18%
(95% CI 9-26%) followed by smoking 15% (95% CI
7-22%). Their combination was 46% (95% CI 32-58%) in
males and 48% (95% CI 35-59%) in females. PF for cur-
rent smokers was gender unequal [males 21% (95% CI
15-27%) females 9% (95% CI 1-17%)].

Conclusions Half of strokes are attributable to potentially
modifiable factors. The proportion of prevented cases is
gender unbalanced, encouraging sex-specific intervention.

Keywords Stroke - Gender medicine - Risk factors -
Cohort study - Population-attributable fraction - Preventive
fraction

Introduction

Stroke is the second leading cause of death in Europe
(Lozano et al. 2012) and the third worldwide (Wang et al.
2015). Even if between 2005 and 2015 was noted a
reduction of the mortality rates due to cerebrovascular
diseases, stroke is still among the top three causes of years
of life lost (YLL), and among with ischemic heart disease
are the two leading causes for premature mortality globally
(Wang et al. 2015).

The majority of strokes occurred in people with poten-
tially modifiable multiple risk factors such as behavioral
(smoking, physical inactivity, high alcohol consumption,
and poor diet), pathophysiological (atrial fibrillation,
coronary artery disease, and diabetes), cluster of metabolic
factors (obesity, hypertension, hyperlipidemia, and low
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glomerular filtration rate), occupational, and environmental
risk factors (Lim et al. 2012; Feigin et al. 2016).

The results from the INTERSTROKE (O’Donnell et al.
2016) study, as well as Global Burden of Disease Study
(GBD) (Feigin et al. 2016) conducted in 188 countries,
suggested that with achieving control of behavioral and
metabolic risk factors could avert more than three-quarters
of the global stroke burden. GBD additionally underlined
the importance of reduction of behavioral stroke risks like a
main priority in the high income countries (Feigin et al.
2016).

Clinical as well as experimental data indicate on the
stroke sexually dimorphic incidence through lifetime;
therefore, this gender difference, even not fully revealed,
might be quite significant to better shape personalized risk
and treatment. Females are protected from stroke with
respect to males, due to the positive effect of ovarian
hormone exposures (McCullough and Hurn 2003), but the
longer life expectancy together with a poorer recovery,
higher morbidity, and mortality once a stroke occurs is
changing the direction of this paradigm (Glader et al.
2003).

Although there is an increasing evidence of this sex-
specific differences in stroke symptoms, diagnosis, inci-
dence, and treatment (Di Carlo et al. 2003; Glader et al.
2003; Jamc et al. 2007), controversies still exists regarding
stroke epidemiology in terms of lifestyle, and metabolic
risk factors between males and females (Haast et al. 2012;
Poorthuis et al. 2017), making this an area worthy of fur-
ther investigation.

Since knowledge about this contribution is crucial for
stroke prevention strategies with well-established country
and region-specific policies, we analyzed the data of the
EPICOR study, the cardiovascular branch of the Italian
European Investigation into Cancer and Nutrition cohort
(EPIC), to estimate the difference of these preventable risk
factors, their stroke impact in male and females, and the
proportion of the cases that could be prevented.

Methods

EPICOR is a prospective collaborative investigation of the
causes of cardiovascular diseases, performed on Italian
healthy adult volunteers recruited from 1993 to 1998 as
part of the EPIC study. Within the EPIC-Italy study, a total
of 47,749 volunteers aged 35-74 were recruited from five
centers (Varese and Turin in Northern Italy; Florence in
Central Italy; and Ragusa and Naples in the South) (Palli
et al. 2003). After excluding subjects with missing infor-
mation on diet, anthropometry or lifestyle questionnaires
(n = 2386), as well as prevalent cases with cardiovascular
and cerebrovascular diseases (n = 1387), 43,976
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participants were included in the present analyses (13,315
males; 30,661 females). We used the same procedures
[International Classification of Diseases (ICD) 9th and
10th, and perusal of clinical records] to assess the prevalent
cases as the incident cases. All participants gave written
consent, and the study was approved by the local ethics
committees in the participating countries and the ethical
review board of the International Agency for Research on
Cancer (IARC).

In EPICOR, subjects were followed up since enrolment
to stroke diagnosis, death, emigration out of the region, or
until the end of the follow-up period. The date of the end of
follow-up varied by center, because hospital discharge file
availability for updating varied as follows: December 31,
2003, for Florence; December 31, 2006, for Varese and
Naples; December 31, 2007 for Ragusa; and December 31,
2008, for Turin.

Stroke identification

Record linkage between the EPICOR database and regional
mortality and hospital discharge databases was performed,
followed by quality control of the EPICOR database.
Cardiovascular prevalent cases were excluded according to
the results of the linkage with hospital discharge diagnosis
archives, after confirmation of the disease by direct eval-
uation of medical notes, or through information derived
from the baseline questionnaire, including direct questions
on preexisting cardiovascular events (coronary and cere-
brovascular). Suspected cerebrovascular deaths (CBVD)
were identified in mortality files when ICD 10th codes:
160-169 [cerebrovascular diseases] were reported as an
underlying cause of death or when codes: 110-I15 [essen-
tial and secondary hypertension and hypertensive chronic
diseases]; 146 [cardiac arrest]; 149 [cardiac arrhythmias];
and I70 [atherosclerosis] were reported as an underlying
cause in association with 160-169 as a non-principal cause
of death. Fatal CBVD was assigned after verification
against hospital discharge and clinical records. Persons
with suspected CBVD were identified in hospital discharge
forms through the ICD 9th codes: 342 [hemiplegia and
hemiparesis]; 430-434 [subarachnoid, intracerebral, and
unspecified intracranial hemorrhage, occlusion and stenosis
of precerebral arteries, and occlusion of cerebral arteries]
or 436-438 [acute and chronic cerebrovascular diseases
and late effect from cerebrovascular diseases]. Cross
checks with mortality data were then performed (a case
was defined as nonfatal if the participant was still alive
28 days after the diagnosis). Clinical records were always
retrieved to verify and confirm CBVD, using MONICA
cerebrovascular criteria for diagnosis (Asplund et al. 1988).
Haemorrhagic stroke was distinguished from ischemic
using information on brain infarction mentioned in the
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diagnosis and/or confirmed on the imaging exams (CT or
MRI).

Exposure variables

A validated lifestyle questionnaire (Palli et al. 2003) was
completed by each participant; it was designed to obtain
detailed information on reproductive history, alcohol con-
sumption, smoking habit, medical history, physical activ-
ity, and other lifestyle factors. This information was
collated in a central database after checking, coding, and
quality control procedures. We selected etiological risk
factors for stroke from the Guidelines for the Primary
Prevention of Stroke from the American Heart Association/
American Stroke Association (Goldstein et al. 2011) on the
data that were available.

Weight and height were measured at enrolment
according to the EPIC protocol, with participants in light
clothing and shoes removed. Body mass index (BMI) was
calculated as weight divided by height squared (kg/m?).
Body mass index (BMI) measured at baseline was cate-
gorized (according to the WHO classification) as normal
(BMI <25 kg/m?), overweight (25-30 kg/m?), or obese
(>30 kg/m?).

Detailed information about smoking status (never, for-
mer, and current), lifetime number of cigarettes, and duration
of cigarette smoking was collected. Then, we categorized
current smokers into four categories according to their cur-
rent answer on smoking habit as: light (1-8 cigarettes/day),
moderate (9—18 cigarettes/day), heavy (19-28 cigarettes/-
day), and very heavy (>29 cigarettes/day).

We assessed physical activity (PA) by a specific sec-
tion of the lifestyle questionnaire and we classified it
according to the Combined Total Physical Activity Index
(using cut-points determined in the EPIC center of
Cambridge in a heart rate monitoring validation study)
(Wareham et al. 2003) that categorizes the population into
four activity levels (inactive, moderately inactive, mod-
erately active, and active) based on a cross tabulation of
four categories of PA at work (sedentary, standing,
manual, and heavy manual) with four categories of
cycling and sport activities.

The intake of alcoholic beverages at baseline was cal-
culated from the EPIC dietary questionnaires that have
been previously validated for alcohol consumption (Kaaks
et al. 1997). Participants reported the number of the stan-
dard glasses of beer, wine, and distilled spirits consumed
per day or week during 12 months before recruitment.
Alcohol intake was calculated as the product of mean glass
volume by alcohol content of each type of alcoholic bev-
erage. Alcohol consumption was then categorized as fol-
lows: 0 g/day (non-consumers), 1 glass/day (light

drinking), 2—4 glasses/day (moderate drinkers), and >4
glasses/day (heavy drinkers).

Blood pressure was measured at recruitment visit using
standardized procedures. Hypertension was defined as
systolic blood pressure >140 mm Hg or diastolic blood
pressure >90 mm Hg (Rose 1965). Persons on antihyper-
tensive medication were also considered hypertensive.

We developed the Italian Mediterranean index (IMI)
reflecting the Italian eating behavior. This score is based on
intake of 11 items: high intakes of 6 typical Mediterranean
foods (pasta; typical Mediterranean vegetables such as raw
tomatoes, leafy vegetables, onion, and garlic, salad, and
fruiting vegetables; fruit; legumes; olive oil; and fish); low
intakes of 4 non-Mediterranean foods (soft drinks, butter,
red meat, and potatoes); and also alcohol. If consumption
of typical Mediterranean foods was in the third tertile of the
distribution, the person received 1 point; all other intakes
received O points. If consumption of non-Mediterranean
foods was in the first tertile of the distribution, the person
received 1 point. Ethanol received 1 point for intake up to
12 g day™'; abstainers and persons who consumed
>12 g day ™' received a 0. Possible scores ranged from 0
to 11(Agnoli et al. 2011). The components and standard
portions are summarized in Supplementary Table 1.

Participants reporting a history (ICD 10th E10-E14
[type 1 and type 2 diabetes mellitus]), or treatment of
diabetes mellitus and hyperlipidemia at baseline were
considered to be diabetic or hyperlipidemic, respectively.

Statistical analysis

Baseline characteristics for categorical variables were pre-
sented as counts (percentage) and the continuous as medians
and interquartile ranges. To evaluate the differences between
patients with and without stroke in the prevalence of the
predefined risk factors by gender, Pearson’s Chi-square test
was used for categorical variables, and due to non-normality
of the distributions, the non-parametric Wilcoxon rank sum
test was used for continuous variables.

Multivariate Cox proportional hazard models were used
to assess the association of different risk factors with
stroke. Hazard Ratios (HRs) and 95% Confidence Intervals
(CI) were calculated. Two models are presented: a ‘crude’
model, stratified by center and adjusted only for age (with
age categorized as >35 years every 10 years until
<75 years) and an ‘adjusted model’, stratified by center
and controlled for age and all the other risk factors pre-
sented hypertension, Body Mass Index (BMI), smoking
status, hyperlipidemia, diabetes mellitus, alcohol intake,
physical activity, and Italian Mediterranean index (second
tertile/first tertile and third tertile/first tertile). The level of
education [primary school or none (low educational level)

@ Springer



778

S. Trajkova et al.

vocational or other secondary school (middle educational
level), and university or vocational postsecondary school
(high educational level)] was considered as a proxy for
socioeconomic status and included in the ‘adjusted model’
like a possible confounding factor.

As reported in current literature, in which is stated that
at light alcohol (Reynolds et al. 2003), consumption is
observed lower risk for cardiovascular and cerebrovascular
diseases, and the class of drinking until 1 glass per day was
considered as the referent category. With regard to smok-
ing, we computed two HRs using as the referent categories
“never smoker” and “current smoker” to calculate the
PAF and preventive fraction, respectively.

The Schoenfeld Residuals test was used to assess the
proportional hazard assumption. To test for interactions
between the predefined stroke risk factors and gender, we
used a likelihood ratio test that compared the model that
included the product term and the model that was without
interaction. Statistical analyses were carried out for all
types of stroke and separately for ischemic and hemor-
rhagic stroke for males and females.

We then calculated population-attributable fractions
[PAFs] and 95% CI for each risk factor based on the
method by Greenland and Drescher (1993) using the
“punafcc post-estimation command” in STATA 13.1
(Newson 2013, 2015). These PAFs were derived from the
‘adjusted’ Cox proportional hazard models with baseline
hazard function. PAF was, therefore, calculated to assess
the proportion of strokes that could have been avoided by
eliminating the following risk factors: hypertension (all
hypertensive individuals are treated and become nor-
motensive), high BMI (alternative version of all being
normal/overweight), smoking (hypothetic scenario in
which the individuals are never smokers), hyperlipidemia
(if the individuals with hyperlipidemic risk profile would
be treated to normalize their lipid levels), physical
activity (if the non-active became active), diabetes (all
individuals are controlling their glucose level), and alco-
hol use (all individuals were drinking until 1 glass/day).
For the smoking category current/former and for the
Italian Mediterranean Index, a preventive fraction (first/
third tertile) was calculated with its 95% confidence
interval (Aschengrau and Seage 2014; Hildebrandt et al.
2006).

Heterogeneity among computed PAFs and gender was
assessed using the I-squared measure.

PAFs, separately or in a combination, were not com-
puted if the corresponding risk factors were not associated
statistically significantly with the outcome in the adjusted
regression model.

Then, we also calculated attributable and impact frac-
tions, derived again from fully adjusted Cox proportional
hazard models (Newson 2012, 2015).
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All analyses were performed with the STATA software
(version 13.1; Stata Corp) and statistical significance was
defined as two-tailed p value below 0.05.

Results

The study cohort comprised 43,976 participants. The
median age at start of the follow-up was 50 years with
interquartile range 44-56 years.

During the 478,911.6 person-years at risk (mean follow-
up: 10.88 years, standard deviation: 2.46 years), 386
strokes occurred (incidence rate ratio 81 in 100,000 p-y),
including 218 ischemic and 86 hemorrhagic strokes, 44
carotid revascularizations, 34 death certificates only
(DCO), and 4 unspecified types of stroke.

The baseline characteristics of the cohort and stroke
cases are shown in Tables 1 and 2 for males and females
separately. Some behavior patterns differ substantially
among the stroke cases, underlining that females tend to be
more physically inactive and diabetic, while males to drink
and smoke more. Except for physical activity and alcohol
in females, the prevalence of the remaining risk factors was
significantly associated with stroke.

In Table 3, hazard ratios of risk factors for any stroke
type (males and females) are shown. Females had higher
HR for hypertension [1.94 (95% CI 1.47-2.58) compared
to males 1.58 (95% CI 1.13-2.19)], and diabetes [3.02
(95% CI 1.70-5.38) vs. 1.75 (95% CI 0.81-3.77)]. Exam-
ining the physical activity index, the HRs were more in
favor of males, beside the wide confidence intervals,
through different levels of physical activity [moderately
active males 0.85 (95% CI 0.53-1.38) females 1.65 (95%
CI 0.85-3.21), moderately inactive males 0.89 (95% CI
0.58-1.35) females 1.30 (95% CI 0.71-2.38)]. The third
tertile of the Italian Mediterranean Index was inversely
associated with risk of all types of stroke [males 0.50 (95%
CI 0.37-0.67); females 0.46 (95% CI 0.30-0.74)]. The HR
for the hazard stroke morbidity for alcohol among males
resulted in a typical J-shaped curve [non-consumers 1.11
(95% CI 0.61-2.00), 2-4 glasses/day 1.36 (95% CI
0.88-2.11), and >4 glasses/day 2.39 (95% CI 1.44-3.96)].
Among the abstainers, a higher risk was noted compared to
the reference category [males 1.11 (95% CI 0.61-2.00)
females 1.41 (95% CI 1.03-1.93)].

There was no statistical significant interaction between
the studied etiological risk factors and gender at o = 0.05.

In Table 4, are presented population-attributable frac-
tion and their combination if the corresponding risk
factors were associated significantly in the previously
computed fully adjusted Cox model. Among males, the
biggest burden for all stroke types, with a PAF of 17%
(95% CI 4-28%), was provided by smoking, followed by
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Table 1 .Bz.lsel?ne individual Cohort All types of stroke p Ischemic Hemorrhagic
charact'enstlcs in sbtroke cafes (N, %) (N, %) (N, %) (N, %)
according to type in males
European prospective " 13315 157 99 26
investigation into cancer and .
nutrition (EPIC), 1993/8-2008, Age (median, IQR) 50 (44-56) 56 (50-60) <0.001 57 (50-59) 56.5 (47-61)
Italy Hypertension <0.001
No 10,137 (76.1) 95 (60.5) 59 (59.6) 13 (50.0)
Yes 3178 (23.9) 62 (39.5) 40 (40.4) 13 (50.0)
BMI 0.044
<25 4540 (34.1) 43 (27.4) 27 (27.3) 6 (23.1)
>25 < 30 6804 (51.1) 81 (51.6) 51 (51.5) 13 (50.0)
>30 1971 (14.8) 33 (21.0) 21 (21.2) 7 (26.9)
Smoking 0.008
Never 4028 (30.2) 39 (24.8) 20 (20.2) 13 (50.0)
Former 5579 (41.9) 57 (36.3) 39 (39.4) 6 (23.1)
Current 3708 (27.9) 61 (38.9) 40 (40.4) 7 (26.9)
Hyperlipidemia 0.008
No 9184 (68.9) 93 (59.2) 61 (61.6) 17 (65.4)
Yes 4131 (31.1) 64 (40.8) 38 (38.4) 9 (34.6)
Diabetes mellitus 0.007
No 13,088 (98.3) 150 (95.5) 95 (96.0) 25 (96.2)
Yes 227 (1.7) 7 (4.5) 4 (4.0 1(3.8)
Physical activity 0.023
Active 3667 (27.5) 40 (25.5) 29 (29.3) 7 (26.9)
Moderately active 3160 (23.7) 30 (19.1) 17 (17.2) 4 (15.4)
Moderately inactive 4752 (35.7) 54 (34.4) 34 (34.3) 10 (38.7)
Inactive 1736 (13.1) 33 (21.0) 19 (19.2) 5 (19.0)
Italian Mediterranean index <0.001
First tertile 4211 (31.6) 52 (33.1) 34 (34.3) 7 (26.9)
Second tertile 5520 (41.5) 69 (43.0) 46 (46.5) 8 (30.8)
Third tertile 3548 (28.9) 36 (22.9) 19 (19.2) 11(42.3)
Alcohol <0.001
Non-consumers 1935 (14.5) 19 (12.1) 10 (10.1) 6 (23.1)
1 glass/day 3869 (29.1) 29 (18.5) 21 (21.2) 3(11.5)
2-4 glasses/day 6024 (45.2) 72 (45.9) 42 (42.4) 14 (53.9)
>4 glasses/day 1487 (11.2) 37 (23.5) 26 (26.3) 3(1L.5)
Center <0.001
Florence 3211 (24.1) 38 (24.2) 23 (23.2) 4 (15.5)
Varese 2141 (16.1) 48 (30.6) 24 (24.2) 12 (46.1)
Torino 5277 (39.6) 47 (29.9) 36 (36.4) 7 (26.9)
Ragusa and Naples 2686 (20.2) 24 (15.3) 16 (16.2) 3(11.5)

IOR interquartile ranges, BMI body mass index <25 kg/m? normal; 25-30 kg/m? overweight; >30 kg/m?

obese

* p values from Chi-square test for categorical variables and Wilcoxon rank sum for continuous variable

alcohol consumption [PAF 14% (95% CI 5-22%)] and
hypertension with 13% (95% CI 2-25%). The total
proportion of strokes that could be attributed to the
combination of the following risk factors: hypertension,
current smoking, hyperlipidemia, and consumption of >4
glasses/day was 46% (95% CI 32-58%). Regarding the

females, hypertension [PAF 18% (95% CI 9-26%)],
smoking [15% (95% CI 7-22%)], and alcohol abstinence
[14% (95% CI 1-26%)] were taking the major part of
the stroke burden. Here, the combination of PAF
accounted for 48% (95% CI 35-59%). The test for
heterogeneity for the PAF of alcohol consumption, as
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Table 2 Baseline individual

L Cohort All types of stroke p* Ischemic Hemorrhagic
charact'enstlcs in sbtroke case,s (N, %) (N, %) (N. %) (N, %)
according to type in females
European prospective " 30,661 229 119 60
investigation into cancer and . I
nutrition (EPIC), 1993/8-2008, Age (median, IQR") 50 (44-56) 57 (52-62) <0.001 57 (53-63) 56 (50.5-59.5)
Italy Hypertension <0.001

No 24,904 (81.2) 142 (62.0) 73 (61.3) 36 (60.0)

Yes 5757 (18.8) 87 (38.0) 46 (38.7) 24 (40.0)
BMI 0.041

<25 15,224 (49.7) 95 (41.5) 42 (35.2) 30 (50.0)

>25 < 30 10,776 (35.2) 96 (41.9) 51 (42.9) 24 (40.0)

>30 4661 (15.1) 38 (16.6) 26 (21.9) 6 (10.0)
Smoking 0.036

Never 16,475 (53.7) 126 (55.0) 72 (60.5) 32 (53.3)

Former 6191 (20.2) 32 (14.0) 16 (13.5) 10 (16.7)

Current 7995 (26.1) 71 (31.0) 31 (26.0) 18 (30.0)
Hyperlipidemia <0.001

No 24,393 (79.6) 152 (66.4) 78 (65.5) 46 (76.7)

Yes 6268 (20.4) 77 (33.6) 41 (34.5) 14 (23.3)
Diabetes mellitus <0.001

No 30,217 (98.6) 216 (94.3) 110 (92.4) 58 (96.7)

Yes 444 (1.4) 13 (5.7) 9 (7.6) 2 (3.3)
Physical activity 0.075

Active 2902 (9.5) 12 (5.3) 3(2.5) 7(11.7)

Moderately active 4601 (15.0) 32 (13.9) 22 (18.5) 7 (11.7)

Moderately inactive 12,030 (39.2) 88 (38.4) 46 (38.7) 22 (36.6)

Inactive 11,128 (36.3) 97 (42.4) 48 (40.3) 24 (40.0)
Italian Mediterranean index <0.001

First tertile 8848 (29.2) 70 (30.6) 36 (30.3) 19 (31.7)

Second tertile 12,669 (41.2) 93 (40.6) 51 (42.9) 23 (38.3)

Third tertile 9084 (29.6) 66 (28.8) 32 (26.8) 18 (30.0)
Alcohol 0.077

Non-consumers 13,554 (44.2) 114 (49.8) 62 (51.1) 28 (46.7)

1 glass/day 10,930 (35.7) 63 (27.5) 31 (26.0) 20 (33.3)

24 glasses/day 5864 (19.1) 50 (21.8) 24 (21.2) 12 (20.0)

>4 glasses/day 313 (1.0) 2 (0.9) 2 (1.7) -
Center <0.001

Florence 9705 (31.7) 47 (20.5) 29 (24.4) 12 (20.0)

Varese 8942 (29.2) 114 (49.8) 58 (48.7) 26 (43.3)

Torino 4163 (13.5) 33 (14.4) 12 (10.1) 15 (25.0)

Ragusa and Naples 7851 (25.6) 35 (15.3) 20 (16.8) 7 (11.7)

IOR interquartile ranges, BMI body mass index <25 kg/m? normal; 25-30 kg/m? overweight; >30 kg/m?

obese

* p values from Chi-square test for categorical variables and Wilcoxon rank sum for continuous variable

well as the preventive fraction for smoking and gender
was statistically significant at o = 0.05.

Furthermore, attributable fractions among the exposed
and impact fractions were computed. Among males con-
sumers of alcohol beverages, the impact fractions for heavy
drinking males contrasted with a hypothetical scenario of

@ Springer

consuming 2—4 drinks per day was 43% (95% CI 15-62%),
of drinking only one glass per day 58% (95% CI 32-74%),
and of not drinking at all 54% (95% CI 18-74%). In
females, because of small numbers, it was not possible
assessing the impact fraction for alcohol consumption
(Table 4).
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Table 3 Hazard ratios and 95% CI for any stroke type in relation to preventable risk factors, European prospective investigation into cancer and
nutrition (EPIC), 1993/8-2008, Italy

Males

Hazard ratio (95% CI) crude*

Hazard ratio
(95% CI) adj.**

Females

Hazard Ratio
(95% CI) crude*

Hazard ratio
(95% CI) adj.**

Hypertension
No
Yes
BMI
<25
>25 <30
>30
Smoking
Never
Former
Current
Current
Former
Hyperlipidemia
No
Yes
Diabetes mellitus
No
Yes
Physical activity
Active
Moderately active
Moderately inactive
Inactive

Italian Mediterranean index

First tertile
Second tertile
Third tertile
Alcohol

1 glass/day
Non-consumers
2-4 glasses/day
>4 glasses/day

1 (ref.)
1.65 (1.19-2.29)

1 (ref.)
1.16 (0.80-1.68)
1.64 (1.04-2.60)

1 (ref.)
0.99 (0.66-1.49)
1.99 (1.33-2.98)
1 (ref.)
0.50 (0.35-0.72)

1 (ref.)
1.52 (1.10-2.09)

1 (ref.)
1.92 (0.90-4.11)

1 (ref.)

0.83 (0.52-1.33)
0.87 (0.58-1.31)
1.30 (0.81-2.08)

1 (ref.)
0.78 (0.62-0.98)
0.69 (0.57-0.97)

1 (ref.)

1.22 (0.68-2.17)
1.37 (0.89-2.12)
2.69 (1.64-4.42)

1 (ref.)
1.58 (1.13-2.19)

1 (ref.)
1.02 (0.70-1.49)
1.23 (0.76-1.98)

1 (ref.)
0.92 (0.61-1.39)
1.80 (1.19-2.72)
1 (ref.)
0.51 (0.35-0.74)

1 (ref.)
1.46 (1.06-2.04)

1 (ref.)
1.75 (0.81-3.77)

1 (ref.)

0.85 (0.53-1.38)
0.89 (0.58-1.35)
1.20 (0.74-1.94)

1 (ref.)
0.88 (0.73-1.08)
0.50 (0.37-0.67)

1 (ref.)

1.11 (0.61-2.00)
1.36 (0.88-2.11)
2.39 (1.44-3.96)

1 (ref.)
1.86 (1.42-2.44)

1 (ref.)
1.15 (0.86-1.52)
1.05 (0.72-1.54)

1 (ref.)
0.97 (0.66-1.44)
1.84 (1.36-2.48)
1 (ref.)
0.53 (0.35-0.80)

1 (ref.)
1.41 (1.07-1.88)

1 (ref.)
3.21 (1.83-5.66)

1 (ref.)

1.66 (0.86-3.23)
1.35 (0.74-2.47)
1.83 (1.00-3.38)

1 (ref.)
0.93 (0.88-1.02)
0.54 (0.34-0.80)

1 (ref.)

1.49 (1.09-2.02)
1.43 (0.99-2.08)
1.46 (0.36-5.98)

1 (ref.)
1.94 (1.47-2.58)

1 (ref.)
1.03 (0.77-1.38)
0.78 (0.52-1.17)

1 (ref.)
1.03 (0.69-1.53)
1.96 (1.44-2.66)
1 (ref.)
0.53 (0.34-0.80)

1 (ref.)
1.38 (1.04-1.83)

1 (ref.)
3.02 (1.70-5.38)

1 (ref.)

1.65 (0.85-3.21)
1.30 (0.71-2.38)
1.65 (0.89-3.04)

1 (ref.)
1.00 (0.97-1.05)
0.46 (0.30-0.74)

1 (ref.)

1.41 (1.03-1.93)
1.37 (0.94-1.99)
1.29 (0.31-5.30)

BMI body mass index <25 kg/m* normal; 25-30 kg/m?> overweight; >30 kg/m?> obese

* HRs derived from Cox proportional hazards model stratified by center and adjusted for age ** HRs derived from multivariate Cox proportional
hazards model stratified by center and adjusted for age and all other risk factors presented (hypertension, BMI, smoking, hyperlipidemia,

diabetes, physical activity, Italian Mediterranean index, alcohol consumption, and level of education)

Restricting the analyses to ischemic stroke in females,
hypertension was taking the biggest burden, with 17%
(95% CI 4-29%), for a total PAF of 46% (95% CI
26-61%). In males, smoking had the highest PAF, with
22% (95% CI 7-35%), while the total PAF was 48% (95%
CI 29-62%) (Supplementary Table 2). Due to the limited
number of stroke events, we were unable to separately

analyze the risk factors and their corresponding PAF for
hemorrhagic stroke.

When we divided the smoking category into four subcat-
egories, females fell mostly in the light (prevalence 9.9%) and
medium (prevalence 9.3%) smoking category, while the
males where medium (prevalence 9.1%) and heavy (preva-
lence 8.6%) smokers (Table 5). Contrasting a smoking
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Table 4 Population-attributable fraction (PAF), impact fraction (IF), and attributable fraction (AF) of etiological risk factors for any stroke type
by gender, European prospective investigation into cancer and nutrition (EPIC), 1993/8-2008, Italy

Etiological Stratum Males Females
factor
Prev. PAF* IF or AF* Prev. PAF IF or AF
(%)  (95% CI) (95% CI) (%)  (95% CI) (95% CI)
Hypertension Yes 239  13% (2-25%) 37% (11-55%) 18.8  18% (9-26%) 48% (31-62%)
BMI 1. <25 (ref.) 34.1 n.a. n.a. 49.7 n.a. n.a.
2.>25<30 51.1 35.2
3. >30 14.8 15.1
Smoking 1. Never (ref.) 30.2 44% (16—-63%) 53.7
2. Former 41.9 20.2
3. Current 279  17% (4-28%) 26.1  15% (7-22%) 49% (30-62%)
Preventive fraction Preventive fraction
Current (ref.) 27.9 26.1
Former 419  21% (15-27%) 202 9% (1-17%)
Hyperlipidemia ~ Yes 31.1  13% (1-24%) 32% (5-51%) 204 9% (1-18%) 27% (3—46%)
Diabetes Yes 1.7 n.a. n.a. 1.4 4% (1-7%) 67% (41-81%)
mellitus
Physical activity 1. Active (ref.) 275 na. n.a. 9.5 n.a n.a
2. Moderately active ~ 23.7 15.0
3. Moderately 35.7 39.2
inactive
4. inactive 13.1 36.3
Italian 1. First tertile (ref.) 31.6 29.2
Mediterranean 2. Second tertile 41.5 Preventive fraction 41.2  Preventive fraction
Index (IMI) 3. Third tertile 28.9  15% (10-20%) 29.6  16% (12-20%)
Alcohol 1. 1 glass/day (ref.) 29.1 n.a. (4-1) 58% 357  14% (1-26%) 2-1) 29%
(32-74%) 2-1) (3—48%)
2. Non-consumers 145 n.a. (4-2) 54% 442 n.a.
(18-74%)
3. 24 glasses/day 45.2 (4-3) 43% 19.1 na.
(15-62%)
4. >4 glasses/day 112 14% 1.0
(5-22%)(4-1)
Combination® 46% (32-58%) 48% (35-59%)

* PAF, IF, and AF (attributable/impact fraction among exposed) are derived from the ‘adjusted’ Cox models. PAF Smoking: if the current
smokers were never smokers. PF: if the current smokers became former smokers; third/first tertile of IMI. PAF Alcohol (2-1): if the non-
consumers were drinking 1 glass/day; (4—1): if the consumers of >4 glasses/day were drinking 1 glass/day. AF (4-1) of a consumer of >4
glasses/day drinking 1 glass/day; (4-2) of a consumer of >4 glasses/day becoming non-consumer. IF (4-3) of a consumer of >4 glasses/day
drinking 2—4 glasses/day; AF (2-1): if the non-consumers were drinking 1 glass/day

# Combination (hypertension, current smokers, and hyperlipidemia if the consumers of >4 glasses/day were drinking 1 glass/day) for males;
(hypertension, current smokers, and hyperlipidemia, diabetes if the non-consumers were drinking 1 glass/day) for females

BMI body mass index, Prev—prevalence, ref—reference category, na not applicable

subcategory with a presumed scenario of different smoking
decrease resulted in an impact fraction that among males was
highest for switching from the very heavy smoking category to
that of light smoking, while for females, the change from the
heavy to the light smoking category had the strongest impact
[IF males very heavy/light 72% (95% CI 27-89%) females
heavy/light 60% (95% CI 25-79%)].

@ Springer

Discussion

We found that about half of all strokes that occurred in our
cohort were attributable to established modifiable (or vir-
tually modifiable) etiological factors and could theoreti-
cally be prevented by eliminating them in a gender-specific
target population.
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Table 5 Impact fraction (IF), attributable fraction (AF) with 95% CI of a different smoking category for any stroke type by gender, European
prospective investigation into cancer and nutrition (EPIC), 1993/8-2008, Italy

Smoking category Prevalence Hazard ratio (95% CI) Attributable fraction (AF)
(%) (adj.)* Starting point of the exposure category
Very heavy  Heavy Medium Light
Destination point of the reference
category
Never
Males 30.2 1 (ref) 69% 63% 31% 0%
(36-85%) (39-78%) (0-61%) (0-49%)
Females 53.7 1 (ref) 52% 68% 54% 19%
(0-85%) (49-80%) (29-70%) (0-51%)
Former
Males 419 0.92 (0.61-1.39) 1% 66% 36% 0%
(42-86%) (45-79%) (0-64%) (0-51%)
Females 20.2 1.03 (0.69-1.53) 50% 67% 52% 16%
(0-85%) (43-81%) (20-72%) (0-53%)

Smoking category

Prevalence (%) Hazard ratio (95% CI) (adj.)*

Impact fraction (IF)
Starting point of the exposure category

Destination point of the reference category
Light (1-8 cig/day

Males 7.4

Females 9.9
Medium (9-18 cig/day)

Males 9.1

Females 9.3
Heavy (19-28 cig/day)

Males 8.6

Females 5.6
Very heavy (=29 cig/day)

Males 2.8

Females 1.3

0.91 (0.43-1.97)
1.24 (0.75-2.05)

1.46 (0.82-2.59)
2.18 (1.41-3.37)

274 (1.62-4.62)
3.12 (1.98-4.93)

72% (27-89%)
41% (0-83%)

67% (26-85%) 37% (0-73%)
60% (25-79%) 43% (0-69%)

55% (0-80%)
0% (0-68%)

47% (0-71%)
30% (0-60%)

15% (0-59%)
0% (0-55%)

3.21 (1.55-6.66)
2.09 (0.65-6.63)

? HRs derived from multivariate Cox proportional hazard models stratified by center and adjusted for age, hypertension, BMI, smoking,
hyperlipidemia, diabetes, physical activity, Italian Mediterranean Index, alcohol consumption and education. Impact fraction (IF) is a proportion
of disease burden among exposed arising from comparison of incidences of an observed exposure pattern with a counterfactual one in which the
exposure is only partially removed, for example. The IF of a very heavy smoker (observed exposition pattern) compared to heavy smoker
(counterfactual reference category of a partial exposure removal) is 15% (95% CI 0-59%)

In the present article, to translate the results from
analytic epidemiology to public health practice, we used
the concepts of population-attributable risk percent or
population-attributable fraction (PAF), defined as the
percent reduction in incidence that would be achieved if
the population with its current exposure pattern, had
become entirely unexposed (Rothman et al. 2008) and that
of preventive fraction (PF), which estimates finding uti-
lization when an exposure seems to reduce the risk and
gives the percentage of cases that can be prevented if they
are exposed to the presumed protective factor in contrast
to the unexposed (Aschengrau and Seage 2014). We also

derived the attributable fraction (AF) among exposed, a
measure that does not take the prevalence of the exposure
into account as the PAF and PF yet quantifies the pro-
portion of the disease burden among diseased people that
is caused by the exposure (Rothman 2012). As more
pragmatic use of the concept of this attributable fraction,
arising from the fact that complete removal of an exposure
is often very unrealistic, we used a measure, the impact
fraction (IF), which is a comparison of incidences in the
observed exposure pattern with a counterfactual one in
which the exposure is only partially removed (Rothman
et al. 2008).
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The baseline characteristics of the EPIC participants met
similarities with a recent meta-analysis on the gender gap
in stroke that showed that females were globally older, less
likely to smoke cigarettes, drink alcohol, or present
hyperlipidemia, nevertheless more hypertensive than males
(Giralt et al. 2012).

There are several proposed mechanisms for the devel-
opment of hypertension that are unique to females deriving
from the falling estrogen levels during the menopause, yet
not omitting pre-eclampsia, oral contraceptives, and poly-
cystic ovary syndrome for the beginning and progression of
hypertension at younger age (Abramson and Melvin 2014).
These possible mechanisms may perhaps explain the
higher risk of stroke among hypertensive females, as well
as the expected higher PAF for any stroke type among
them (PAF males 13%, 95% CI 2-25%, females 18%, 95%
CI 9-26%).

Obesity among the males in EPICOR cohort was a risk
factor for stroke, even if the result was not statistically
significant. Females did not follow the expected trend. The
INTERSTROKE study, a large case—control study aimed at
ascertaining risk factors for stroke, indicated that BMI was
not associated with stroke while revealing and pointing at
the possible role of the waist-to-hip ratio on the increased
stroke risk (O’Donnell et al. 2010).

A higher risk of stroke in diabetic females than in males
was clearly confirmed by a recent meta-analysis of 64
cohorts [pooled adjusted RR females 2.28 (95% CI
1.93-2.69) males 1.83 (95% CI 1.60-2.08)] (Peters et al.
2014). It has been hypothesized a female’s greater insulin
sensitivity at sites associated with insulin resistance,
namely, the liver and the skeletal muscle, (Geer and Shen
2009) supporting the idea that the metabolic and vascular
risk factor profile of females has to deteriorate to a greater
extent than that of males before the onset of manifest
diabetes mellitus (Wannamethee et al. 2012).

A meta-analysis on the association between physical
activity (PA) and stroke outcomes in males and females
indicated that higher levels of PA may be required among
females to achieve a significant risk reduction as in males
(Diep et al. 2010). The same difference across different
levels of physical activity was to identify in EPICOR.

The risk of stroke morbidity associated with alcohol
consumption among males resulted in a J-shaped curve,
whereas among females, being abstainers (non-consumers)
was associated with a higher risk than in males, in com-
parison with consuming until 1 drink a day. Among the
recent key findings from the Nurses’ Health Study, mod-
erate alcohol intake (defined as consumption of
5-15 g/day) was associated with a lower risk for many
health outcomes (hypertension, myocardial infarction,
sudden cardiac death, cognitive decline, and all-cause
mortality) as well as stroke, compared with abstainers and
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females who consumed more than 1 drink per day
(Mostofsky et al. 2016). A potential mechanism to which is
account this protective alcohol effect described in the lit-
erature is the increase of the plasma high-density lipopro-
tein cholesterol (HDL) concentration, a well-established
major protective factor against cardiovascular disease
(Matsumoto et al. 2014) which has been reported to be
significantly higher in females than males (Musha et al.
2006).

In a systematic review and meta-analysis on alcohol
consumption and the risk of morbidity and mortality for
different stroke types, a protective effect up to 37 g/day
(about 3 drinks/day) among males and 46 g/day (or about
4 drinks/day) among women was observed (Patra et al.
2010) relative to the lifetime abstainers. Among males, the
impact fraction was highest for moving from the heavy
drinking category to that of light drinking, although it was
quite similar to the impact fractions computed for switch-
ing to the other categories (moderate or absteiners) and
with a wide uncertainty of the estimates and their confi-
dence intervals (Table 4), their overlapping, however,
displays the message that when a complete removal of
alcohol consumption is unreal, especially among the heavy
drinkers, decrease of just 1 drink a day could allow them to
lower their risk to the same level as of that of the moderate
drinkers. The beneficial effects of quitting smoking among
former smokers on stroke risk were similar among genders
(f/m sex-specific relative risks ratio (RRR), 1.10
[0.99-1.22]), results published in a recent meta-analysis
(Peters et al. 2013), consistently with our results.
Acknowledging the similar HRs, and additionally consid-
ering the twofold prevalence of former smokers among
males than females, translates in a higher preventive frac-
tion for males.

The EPICOR study has several strengths: from them, the
very accurate case finding and nearly complete follow-up
(loss of potential person-years is smaller than 2.5%
reducing the probability of selection bias, and low pro-
portion of missing values of the variables were <5%), the
prospective design (risk factors are detected before the
onset of the disease and, therefore, are not affected by
reverse causality), the large sample size, and the use of
detailed information on lifestyle and anthropometric
variables.

However, this relatively old data should be interpreted
with caution, since during the long follow-up of almost
11 years, risk factor profiles of some participants may
have changed, altering the associations we found in both
directions. Furthermore, our study population, consisted
of generally younger people who live in a middle or high
income area, is obtaining a higher risk awareness than of
that in the general population, which means that our
results may not be generalizable to underprivileged,
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ethnically diverse or people older than 75 years of age.
In addition, we should not put aside the aspect that some
risk factors may have already caused irreversible dam-
age, especially long-lasting diabetes or to may be
markers of other not modifiable factors that may not be
modifiable leading to overestimation of the computed
PAFs.

Conclusion

In males, smoking together with excessive alcohol con-
sumption takes the biggest burden of stroke cases and
also due to its well-documented adverse effects should
remain among the priorities of any stroke prevention
program.

In females, hypertension is still the main risk factor of
stroke, so screening for hypertension together with predi-
abetes in females could have a substantial effect on the
prevention of the adverse vascular events. Taking into
consideration the low prevalence of smoking cessation, the
preventive campaigns should be more detailed and targeted
on this population.

Using this PAF measurements, we can better plan pre-
vention campaigns and lower the premature mortality in
Italy setting our strategies on well-defined gender-specific
population.
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