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Background and Purpose Both genetic factors and smoking are associated with ischemic stroke
(IS) risk. However, little is known about the potential interaction of these factors. We aimed to
assess whether smoking and a positive family history interact to increase the risk of IS.

Methods The nationwide prospective study recruited 210,000 men and 300,000 women in 2004 to
2008 at ages 30 to 79 years. During 9.7 years of follow-up, we documented 16,923 and 20,656
incident IS cases in men and women without major chronic diseases at baseline, respectively.
Multivariable Cox regression models were used to examine associations between family history and
IS. Likelihood ratio tests were used to test the smoking-family history interactions on IS.

Results About 67.8% (n=135,168) of men ever smoked regularly compared with 2.7% (n=7,775) of
women. Among men, a significant interaction between family history and smoking on IS was
observed (P for interaction=0.03), with more pronounced association between family history and IS
among ever-reqular smokers (hazard ratio [HR], 1.21; 95% confidence interval [Cl], 1.16 to 1.27)
than among never-smokers (HR, 1.11; 95% Cl, 1.01 to 1.23). The association between family history
and IS among ex-smokers after more than 10 years of cessation (HR, 1.01; 95% Cl, 0.85 to 1.20)
appeared similar to that among never-smokers. Among women, a similar but not significant
interaction between family history and smoking on IS was observed. Ever-regular smokers who had
a family history of stroke had the highest risk of IS.

Conclusions Among Chinese men, the association of family history with IS was accentuated by
smoking, and such accentuation tended to be lowered by cessation.
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Introduction

Ischemic stroke (IS) is a complex disorder and the major cause
of death and disability worldwide."? In China, IS accounted for
more than 0.7 million deaths in 2013, bringing an enormous
public health burden.® Notably, China is still experiencing in-
creases in the incidence rate of I1S.* Smoking is a major modifi-
able risk factor for IS.>® Unfortunately, China is the world's
largest tobacco consumer. According to the 2015 Chinese
Adults Tobacco Survey Report, about 52.1% of men and 2.7%
of women, accounting for more than 316 million people, were
current smokers.” In China, even though the prevalence of
smoking did not change in the past 5 years, the number of
smokers increased as a consequence of expanding popula-
tions.®® In 2013, China was ranked highest for IS deaths attrib-
utable to tobacco consumption, which accounted for 20.3% of
the population attributable risk for IS."°

Recently, compelling evidence has shown that genetic sus-
ceptibility may interact with lifestyle factors on chronic diseas-
es risk."'? Previous studies found that the family history, a sur-
rogate measure of genetic susceptibility, was associated with

risk of stroke,™™

and interacted with smoking on risk of car-
diovascular outcomes such as myocardial infarction' and sub-
arachnoid hemorrhage.'® However, little is known about the
potential interactions between smoking and family history of
stroke on the risk of IS, especially in Chinese.

Therefore, in the present study, we examined whether tobac-
co smoking modified the genetic susceptibility, estimated by a
family history of stroke, in men and women from the China
Kadoorie Biobank (CKB) study. We also prospectively examined
the joint association of family history and tobacco smoking
with IS risk.

Methods

Study population

Details of the CKB study have been described previously.
Briefly, the CKB is a prospective cohort study of 512,715 adults
aged 30 to 79 years recruited from 10 areas (five urban and
five rural) of China. The baseline survey took place during 2004

17,18

to 2008. In each study assessment clinics, participants were
interviewed by trained staff using laptop-based questionnaires,
that covered demographic characteristics, socioeconomic sta-
tus, lifestyle factors, general health, family history, mental
health, and for women only, reproductive history. A range of
physical measurements was undertaken by trained staff, in-
cluding height, weight, and blood pressure. Blood samples were
collected from each participant. All participants provided writ-
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ten informed consent. The Ethical Review Committee of the
Chinese Center for Disease Control and Prevention (Beijing,
China) and the Oxford Tropical Research Ethics Committee,
University of Oxford (United Kingdom) approved the study.

For the present analysis, we excluded participants with pre-
viously diagnosed heart disease (n=15,472), stroke (n=8,884),
or cancer (n=2,577), and those who had missing data for body
mass index (n=2) or were lost to follow-up shortly after base-
line (n=1). The final analysis included 487,198 participants.

Assessment of family history

The baseline questionnaire included a series of three questions
regarding family history of stroke, which asked participant if
their biological father, mother, or siblings ever had “stroke.” For
siblings, the number with stroke was recorded. For each partic-
ipant, the first-degree family members' stroke history had been
collected. In this study, a participant was classified as "having
a family history of stroke" if they reported at least one first de-
gree relatives had stroke. First-degree relatives included fa-
thers, mothers, and siblings.

Assessment of smoking and other covariates

Our baseline questionnaire collected smoking information in-
cluding frequency, amount, and types of tobacco smoked (fac-
tory cigarettes, hand-rolled cigarettes, pipe or water pipe, ci-
gars), depth of inhalation, and the ages at which participants
started smoking regularly and stopped smoking, with additional
information on the main reason for cessation (ill or stopped by
choice) among those who had stopped smoking. Among current
and former (or ex) reqular smokers, the amount of tobacco
smoked (g/day) was calculated, assuming 1 g of tobacco per
factory cigarette, and 2 g per cigar, with quantities smoked in
pipes and hand-rolled cigarettes given as liang/month (1 liang
equivalent to 50 g). Smoking duration in years was derived from
the age at starting smoking regularly to age at baseline (current
smokers) or duration since quitting at baseline (ex-smokers).

For the present study, participants were categorized into four
groups according to the smoking status in line with previous
CKB studies.” Never-smokers were defined as those who had
not smoking at recruitment and who had not smoked more than
100 cigarettes during their lifetime. Ever-regular smokers were
defined as those who had ever smoked at least one cigarette or
equivalent per day for at least 6 months, or who had stopped
smoking at least 6 months before recruitment because of ill.
Regular smokers who had stopped smoking by choice for at least
6 months at baseline were classified as ex-smokers. Participants
who did not meet the criteria for never-smoker, ever-regular
smoker, or ex-smoker were classified as occasional smokers.

https://doi.org/10.5853/j0s.2018.03566
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The baseline questionnaire also included other covariates,
such as sociodemographic characteristics (age, sex, education,
marital status, and household income), lifestyle behaviors
(physical activity, alcohol consumption, intakes of red meat,
fresh fruits, and vegetables), and menopausal status (for wom-
en). Trained staff measured weight and height using calibrated
instruments. Prevalent diabetes was defined as measured fast-
ing blood glucose >7.0 mmol/L, measured random blood glu-
cose >11.1 mmol/L, or self-reported diagnosis of diabetes.
Prevalent hypertension was defined as measured systolic blood
pressure >140 mm Hg, measured diastolic blood pressure >90
mm Hg, self-reported diagnosis of hypertension, or self-report-
ed use of antihypertensive agents at baseline.

Follow-up for incident IS

All the participants were followed up from the time they enrolled
in the study. We ascertained the vital status of each participant
through the linkage with established chronic disease registries,
and the disease surveillance points system in the study areas, as
well as the national health insurance system. Almost all the par-
ticipants (>98%) across the 10 study areas had been successfully
linked to the health insurance databases. Annual active follow-
up was performed by checking against local residential and
health insurance records and was confirmed by street commit-
tees or village administrators. Fatal and non-fatal events were
coded by the trained staff, blinded to baseline information, using
the International Classification of Diseases, 10th Revision. All re-
ported fatal or non-fatal major diseases events (including stroke)
from different sources were reviewed and integrated centrally by
trained clinical staff, who were blinded to baseline information.
By December 2018, we have retrieved medical records for 31,069
newly reported IS cases during follow-up, among which 21,426
(69%%) were confirmed as IS cases.

Statistical analysis

As the prevalence of smoking and the number of cigarettes
smoked per day are much higher in men compared with wom-
en, all analyses were done separately in men and women. Per-
centages and mean+standard deviation of baseline characteris-
tics were calculated across family history of stroke standardized
by age and study area, when appropriate. We calculated per-
son-years at risk from the baseline date to diagnosis of IS,
death, loss to follow-up, or the censoring date (December 31,
2016), whichever occurred first. Cox regression was used to es-
timate the hazard ratios (HRs) of family history, with age as the
underlying time scale and stratified jointly by 10 study areas
and age at baseline in 5-year intervals. Multivariable models
were adjusted for education (no formal school, primary school,
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middle school, high school, or college or university or higher),
marital status (married, widowed, divorced/separated, or never
married), household income (<10,000, 10,000 to 19,999,
>20,000 Chinese renminbifyr), alcohol consumption (less than
weekly, ex-regular drinkers, weekly; or <15, 15 to 29, 30 to 59,
or >60 g/day of pure alcohol), smoking status (never-smokers or
occasional smokers, or ex-smokers, or current smokers of 1 to
14, 15 to 24, or 25 cigarettes or equivalents per day), physical
activity as metabolic equivalent of task hours per day, intake of
red meat, fresh fruits, and vegetables (daily, 4 to 6 days/week, 1
to 3 days/week, monthly, or rarely or never), menopause status
(for women only, premenopausal, perimenopause, postmeno-
pausal, or missing), body mass index (in kg/m?), and prevalent
diabetes and hypertension at baseline (presence or absence).

Interactions between the family history of stroke and tobac-
co smoking on IS were tested by using likelihood ratio tests to
compare models with and without cross-product terms (e.g.,
interaction term: family history of stroke x smoking catego-
ries). The HRs for IS were also calculated by strata of smoking
characteristic subgroups, using individuals who reported no
family history of stroke as the reference group. We further ex-
amined the risk of incident IS according to the joint classifica-
tion of family history and smoking, in which smoking variables
were included two categories (never-smokers and ever-regular
smokers). We performed all statistical analyses using Stata ver-
sion 14.2 (StataCorp., College Station, TX, USA).

Results

Population characteristics according to family
history of stroke

Overall, the mean baseline age was 51.5+10.5 years, 67.8%
(n=135,168) of men ever smoked regularly compared with
2.7% (n=7,775) of women. Of the 199,240 men and 287,958
women included, 17.8% of men and 17.5% of women had a
family history of stroke. Both men and women who had a fam-
ily history of stroke were, on average, more likely to reside in
the urban area, have a higher level of education, and have hy-
pertension at baseline (Table 1).

Family history of stroke and IS

During 10 years of follow-up (4.7 million person years), we
documented 16,923 incident IS cases in men and 20,656 in
women. Multivariate-adjusted analyses showed that family
history of stroke was associated with an increased IS risk (Sup-
plementary Table 1). In the whole cohort, compared with par-
ticipants who reported no family history of stroke, the adjusted
HR for IS was 1.19 (95% confidence interval [Cl], 1.16 to 1.22)
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Baseline characteristics of 487,198 participants according to family history of stroke

Family history in men (n=199,240)

Family history in women (n=287,958)

Characteristic

No Yes No Yes

No. of participants 163,791 (82.2) 35,449 (17.8) 237,436 (82.5) 50,522 (17.5)
Age (yr) 52.4+11.0 52.1+9.8 50.9+10.5 51.3+9.4
Urban area (%) 419 459 424 485
Middle school and above (%) 57.1 60.9 42,5 46.8
Married (%) 92.8 93.7 89.3 89.9
Household income >20,000 yuan/y (%) 455 47.0 40.3 425
Postmenopausal (%) - - 50.8 50.6
Smoking category (%)

Never-smokers 14.4 183 95.1 94.9

Ex-smokers 6.6 6.8 0.4 0.4

Occasional smokers 1.4 1.2 1.8 20

Ever-regular smokers 67.7 68.7 2.7 2.8
Weekly alcohol drinker (%) 337 35.1 2.1 2.1
Average weekly consumption (day)*

Red meat 40 40 35 36

Fresh vegetable 6.8 6.8 6.8 6.8

Fresh fruit 22 23 2.7 29
Total physical activity (MET hr/day) 22,5 23.0 20.8 209
Body mass index (kg/m?) 233 23.6 23.7 24.0
Prevalent diabetes (%) 50 55 54 6.3
Prevalent hypertension (%) 345 42.2 309 383

Values are presented as number (%) or mean+standard deviation.
MET, metabolic equivalent.

*Average weekly consumptions of red meat, fresh vegetables, and fruits were calculated by assigning participants to the midpoint of their consumption category.

for those who reported a family history of stroke. The respec-
tive HRs were 1.19 (95% Cl, 1.15 to 1.23) among men and 1.19
(95% Cl, 1.15 to 1.23) among women. There was no heteroge-
neity between men and women (P for interaction=0.92).

Interactions between family history of stroke and
smoking on IS risk

Among men, we observed a significant interaction between
family history of stroke and IS risk across the stratum for tobac-
co smoking (P for interaction=0.03), with a stronger association
among ever-regular smokers than among never-smokers (Table
2). Compared with men who reported no family history of
stroke, the adjusted HRs for those reported a family history of
stroke were 1.11 (95% Cl, 1.01 to 1.23) among never-smokers
and 1.21 (95% Cl, 1.16 to 1.27) among ever-regular smokers.
Among women, differences in the associations between family
history and IS risk across the smoking status were observed, but
the interaction was not significant (P for interaction=0.49). The
respective HRs for those who reported a family history of stroke
were 1.19 (95% Cl, 1.15 to 1.23) among never-smokers, and
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1.32 (95% Cl, 1.14 to 1.53) among ever-regular smokers. Like-
wise, compared with never-smokers, the adjusted HRs for ever-
regular smokers were greater in those who reported a family
history of stroke than those who did not (Table 3).

We further examined the interaction between each type of
family history and the smoking history (Supplementary Table
2). We only found a significant interaction between parental
history and smoking status among men. Nevertheless, the as-
sociations between each type of family history and IS risk
seemed to be less evident in never-smokers compared with ev-
er-regular smokers.

Stratified analyses among smokers

Among ever-reqular smokers, we further performed stratified
analyses according to baseline smoking characteristics: types
of tobacco smoked, age started smoking, smoking duration,
smoking amount, and depth of inhalation. Among men, the
HRs for family history on IS were markedly higher among all
subgroups compared with never-smokers (Figure 1), but did
not significantly differ across different smoking characteristics

https://doi.org/10.5853/j0s.2018.03566
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Family history of stroke

Variable No Yes Poteraction
Total no. Cases HR (95% Cl) Total no. Cases HR (95% Cl)
Men 0.03
Never-smokers 23,611 2,222 Ref 4,666 578 1.1 (1.01-1.23)
Ex-smokers 10,650 1,114 Ref 2,491 332 1.13 (0.99-1.28)
Occasional smokers 18,413 1,286 Ref 4,207 420 1.18 (1.05-1.32)
Ever-regular smokers 11,117 8,311 Ref 24,085 2,660 1.21 (1.16-1.27)
Women 0.49
Never-smokers 225,929 14,453 Ref 47,891 4,615 1.19 (1.15-1.23)
Ex-smokers 848 133 Ref 196 37 1.04 (0.70-1.54)
Occasional smokers 4,228 304 Ref 1,049 125 1.20 (0.95-1.50)
Ever-regular smokers 6,431 733 Ref 1,386 256 1.32(1.14-1.53)

Stratified by age and study area and adjusted for level of education; marital status; household income; alcohol consumption; physical activity; intake frequen-
cies of red meat, fresh fruits, and vegetables; menopause status (only for women); body mass index; prevalent hypertension; prevalent diabetes.

HR, hazard ratio; Cl, confidence interval.

Risk of incident ischemic stroke according to smoking category, stratified by family history of stroke

Variable

Family history of CVD

No

Yes

Men
Never-smokers
Ex-smokers
Occasional smokers
Ever-regular smokers

Women
Never-smokers
Ex-smokers
Occasional smokers

Ever-regular smokers

1.00

0.99 (0.92-1.07)
0.99 (0.92-1.06)
1.17 (1.11-1.23)

1.00

0.98 (0.82-1.17)
0.98 (0.87-1.11)
1.09 (1.00-1.18)

1.00

1.05 (0.92-1.19)
1.03 (091-1.17)
1.30(1.19-1.43)

1.00

0.90 (0.65-1.23)
1.07 (0.90-1.28)
1.29 (1.14-1.47)

Values are presented as hazard ratio (95% confidence interval). Stratified by age and study area and adjusted for level of education; marital status; household
income; alcohol consumption; physical activity; intake frequencies of red meat, fresh fruits, and vegetables; menopause status (only for women); body mass

index; prevalent hypertension; prevalent diabetes.

subgroups (all P for interaction >0.05). Similar but more evi-
dent associations were observed among women.

Among ex-smokers, no statistically significant heterogeneity
was observed in the associations between family history of
stroke and IS by years of smoking cessation (Table 4). Never-
theless, the associations between family history of stroke and
IS seemed to be less evident in ex-smokers with longer years
since quitting. Among men, the HRs were 1.32 (95% Cl, 1.09
to 1.59) among those who had stopped for less than 10 years,
and 1.01 (95% Cl, 0.85 to 1.20) among those who had stopped
for 10 years or more before baseline (P for interaction=0.05).
Similar patterns were observed among women, with HRs of
1.01 (95% Cl, 0.55 to 1.84) and 0.92 (95% Cl, 0.51 to 1.65), re-

https://doi.org/10.5853/j0s.2018.03566

spectively (P for interaction=0.86).

Joint association of family history of stroke and
smoking with IS risk

We further examined the joint association of family history and
smoking with IS risk (Figure 2). The strongest association was
observed in the combination of family history with ever-reqular
smoking. Compared with never-smokers who reported no family
history of stroke, ever-regular smokers who reported a family
history of stroke showed a 42% risk increasing in IS (HR, 1.42;
95% Cl, 1.34 to 1.51) among men and a 43% risk increasing
(HR, 1.43; 95% Cl, 1.26 to 1.63) among women, respectively.
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Subgroup Men _ P for Women . P fo.r
interation interation
Never-smokers —a— o
Ever-regular smokers - —a—
Types of tobacco smoked 0.61 0.85
Non-cigarette or mixed T =
Mainly cigarettes - -
Age started smoking (yr) 0.58 0.22
<20 —.— »
>20 —.— R S
Smoking duration (yr) 0.52 0.16
<25 —O— N S—
>25 —— _—
Cigarette or equivalent per day 0.31 0.94
<20 —— —
>20 —— =
Inhaling deepth 0.88 0.83
Mouth only —— =
Throat or lung —— ——
f T T T l f T T T l
0.8 1.0 1.2 15 20 0.8 1.0 1.2 1.5 20

Subgroup analysis of associations between family history and ischemic stroke according to baseline smoking characteristics. Hazard ratios for isch-
emic stroke are for comparison of men and women who had a family history of stroke with those who had no family history of stroke. Ever-regular smokers
excludes occasional smokers (n=22,620) and ex-smokers who stopped by choice (n=13,141). Tests for heterogeneity include only ever-reqgular smokers. Hori-
zontal lines represent 95% confidence intervals.

Risk of incident ischemic stroke according to family history of stroke, stratified by smoking stopped years

Family history of stroke

Variable No Yes Poteraction
Total no. Cases HR (95% Cl) Total no. Cases HR (95% Cl)
Men 0.05
Never-smokers 23,611 2,222 Ref 4,666 578 1.1 (1.01-1.23)
Ex-smokers
Stopped for <10 yr 5,692 471 Ref 1,268 157 1.32 (1.09-1.59)
Stopped for >10 yr 4,958 643 Ref 1,223 175 1.01 (0.85-1.20)
Women 0.86
Never-smokers 225,929 14,453 Ref 47,891 4,615 1.19 (1.15-1.23)
Ex-smokers
Stopped for <10 yr 394 63 Ref 95 17 1.01 (0.55-1.84)
Stopped for >10 yr 454 70 Ref 101 20 0.92 (0.51-1.65)

Adjusted for age; study area; level of education; marital status; household income; alcohol consumption; physical activity; intake frequencies of red meat,
fresh fruits, and vegetables; menopause status (only for women); body mass index; prevalent hypertension; prevalent diabetes.
HR, hazard ratio; Cl, confidence interval.

Discussion peared similar to that among never-smokers. The interactions

between smoking and family history of stroke were consistent

In this large prospective cohort of Chinese adults, we observed
a significant interaction between smoking and family history
of stroke on IS incidence risk among men. The association be-
tween family history of stroke and IS was more pronounced
among ever-regular smokers than among never-smokers;
whereas the association between family history and IS risk
among ex-smokers after more than 10 years of cessation ap-
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across the smoking characteristic subgroups including types of
tobacco smoked, age at starting, smoking duration, smoking
amount, or depth of inhalation. Participants with a family his-
tory of stroke and reported ever-regular smoking had the
greatest risk of IS.

Our study is the first to examine the interaction between
smoking and family history of stroke on incident IS in a pro-

https://doi.org/10.5853/j0s.2018.03566
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Number Case Case/PY HR (95% Cl)
Total population
Never-smokers, no family history 249540 16675 681 . Ref
Never-smokers, family history - - 52,557 5,193 10.14 - 117 (1.13,1.21)
Ever-regular smokers, no family history 117548 9044 8.08 - 117 (113,1.22)
Ever-regular smokers, family history 25'471 2'916 12.12 145 (1.38' 152)
Men ' ' '
Never-smokers, no family history 2361 2992 1001 . Ref
Never-smokers, family history 4,666 578 1321 - 1.07 (0.98, 1.18)
Ever-regular smokers, no family history 111' 17 8311 784 . 116 (1 ”' 122)
Ever-regular smokers, family history 24'085 5 '660 167 142 [1.34' 151)
Women ' ' '
Never-smokers, no family history 295929 14453 649 . Ref
Never-smokers, family history 47801 4815 9.85 - 119 (1.15, 1.23)
Ever-regular smokers, no family history 6'431 '733 1233 11201 03' 121)
Ever-regular smokers, family history 1'386 256 20.36 1'43 (1.26' 1.63)
f T T T l
0.8 1.0 1.2 1.5 20

Risk of incident ischemic stroke according to family history of stroke and smoking status. Family history refers to family history of stroke. Model was
stratified by age and study area and adjusted for level of education; marital status; household income; alcohol consumption; physical activity; intake frequen-
cies of red meat, fresh fruits, and vegetables; menopause status (only for women); body mass index; prevalent hypertension; prevalent diabetes. Horizontal

lines represent 95% confidence intervals (Cls). HR, hazard ratio; PY, person-year.

spective cohort. Our findings are in line with several previous
cross-sectional studies that reported the interactions between
smoking and single genetic variants on IS.2?? Similar smoking-
gene interaction in relation to IS was also found in Chinese
populations.?? In our study, we found that the interaction be-
tween smoking and family history of stroke was particularly
significant among men, even though a similar but not signifi-
cant interaction pattern was also observed among women. The
gender difference may partly due to the extremely small num-
ber of ever-regular smokers among women.

For the first time, we further provided data about the inter-
play between family history and different smoking characteris-
tics on IS among ever-regular smokers. The associations be-
tween family history and IS were not significantly differ across
different smoking characteristics subgroups. Our findings were
weakened by the fact that the effect of family history on IS risk
did not increase with greater amount smoked and increased
smoking duration. Although numbers are small in the stratified
analyses among smokers, our findings may imply that the
smokers themselves differ from the never-smokers, and that in
general, the effects of family history are minimal in never-
smokers.

Our observations, together with previous reports, suggest
that smoking may strengthen the deleterious effects of genetic
variants on the development of IS. The potential mechanisms
underlying the smoking-gene interactions remain unclear.

Smoking is associated with endothelial cell dysfunction,”®* i

n_

https://doi.org/10.5853/j0s.2018.03566

creased activation of inflammation and coagulation,® in-
creased fibrinogen concentration and platelet aggregability,”
as well as reduced fibrinolytic capacity,® which may cause a
procoagulant state and subsequently promote atherosclerosis
and increase IS risk. Of note, all these alternations may overlap
with pathways linking the genetic variations to the develop-
ment of IS, making the interaction between smoking and ge-
netic factors biologically feasible.

One of the novel findings of the present study is that the as-
sociations between family history and IS risk among ex-smok-
ers after more than 10 years of cessation were similar to the
level of never-smokers, indicating the risk conferred by an in-
teraction may be lowered by quitting smoking. The present re-
sults strongly suggest that although the best public health ad-
vice remains not to start smoking at all, encouraging smokers
to stop is crucial to reduce smoking-attributed IS risk, particu-
larly among those with a family history of stroke. On the basis
of the high smoking prevalence among Chinese, widespread
smoking cessation is one of the most effective and cost-effec-
tive strategies to reduce IS risk over the next few decades.*

The major strengths of the present study included prospec-
tive design, large sample size, a population geographically
spread across urban and rural China, and careful adjustment
for nongenetic familial factors. Several limitations need to be
acknowledged. The participants consisted of Chinese middle-
aged and older men and women. Thus the results may not be
generalizable to other age or racial/ethnic groups. Moreover,
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smoking status and family history was self-reported, which
might lead to some degree of misclassification. However, mea-
surement errors in the prospective study design are more likely
to be non-differential and therefore, would have biased the re-
sults toward the null. In addition, the family history of stroke is
a relatively crude marker for genetic susceptibility. Future stud-
ies need to examine the gene-smoking interaction by using
well-established IS-associated genetic variants. Finally, al-
though we have adjusted various confounding variables, resid-
ual confounding is still possible.

Conclusions

In summary, we found the impact of family history on IS was
accentuated by tobacco smoking; and such accentuation tend-
ed to be reversible after more than 10 years of cessation. OQur
findings reemphasize the importance of counseling of family
members regarding smoking behavior, and considering gene-
environment interaction in the prevention of IS.
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Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2018.03566.
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Multivariable-adjusted HRs (95% Cls) for incident ischemic stroke according to family history of stroke

Family history of stroke

Variable

No Yes
Total population
No. of participants 401,227 85,971
No. of ischemic stroke cases 28,556 9,023
Cases per 1,000 PYs 7.33 10.89
HR (95% Cl)
Sex adjusted Ref 1.25(1.22-1.28)
Multivariable adjusted* Ref 1.19 (1.16-1.22)
Men
No. of participants 163,791 35,449
No. of ischemic stroke cases 12,933 3,990
Cases per 1,000 PYs 8.30 11.89
HR (95% Cl)
Crude Ref 1.25 (1.21-1.30)
Multivariable adjusted* Ref 1.19 (1.15-1.23)
Women
No. of participants 237,436 50,522
No. of ischemic stroke cases 15,623 5,033
Cases per 1,000 PYs 6.69 10.21
HR (95% Cl)
Crude Ref 1.25(1.21-1.29)
Multivariable adjusted* Ref 1.19 (1.15-1.23)

Multivariable model was stratified by age and study area.

HR, hazard ratio; Cl, confidence interval; PY, person-year.

*Adjusted for level of education; marital status; household income; alcohol consumption; smoking status; physical activity; intake frequencies of red meat,
fresh fruits, and vegetables; menopause status (only for women); body mass index; and prevalent diabetes and hypertension.
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Associations between each type of family history and ischemic stroke risk, according to smoking status

Variable Never-smokers Ever-regular smokers Pnteraction
Men
Paternal history 1.17 (1.03-1.33) 1.23 (1.16-1.31) 0.083
Maternal history 1.14 (1.00-1.31) 1.22 (1.14-1.29) 0.122
Parental history 1.12 (1.01-1.25) 1.21(1.15-1.27) 0.021
Sibling history 1.21 (1.03-1.42) 1.22 (1.12-1.33) 0.648
Women
Paternal history 1.21(1.16-1.27) 1.30 (1.06-1.61) 0.626
Maternal history 1.20 (1.15-1.26) 1.37 (1.11-1.70) 0.233
Parental history 1.19 (1.15-1.23) 1.29 (1.09-1.53) 0.435
Sibling history 1.22 (1.14-1.30) 1.44 (1.15-1.80) 0.257

Values are presented as hazard ratio (95% confidence interval). Stratified by age and study area and adjusted for level of education; marital status; household
income; alcohol consumption; physical activity; intake frequencies of red meat, fresh fruits, and vegetables; menopause status (only for women); body mass
index; prevalent hypertension; prevalent diabetes.
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