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Abstract

Background: It is important that the general population be
aware of the early symptoms, since it has been shown that
early arrival to hospitals leads better prognosis of stroke pa-
tients. However, the general population is not well informed
about the early symptoms of stroke. This study was conduct-
ed to clarify which stroke symptoms are less well known and
which information sources are related to awareness of stroke
symptoms. Methods: A multiple-choice, mail-in survey in-
volving 5,540 randomly selected residents, aged 40-74 years,
of 3 cities in Japan was conducted. Their knowledge about
stroke symptoms and their information sources were sur-
veyed; information sources were classified as mass media
(television/newspaper/radio) and personal communication

sources (posters/leaflets/internet/health professionals/fami-
ly and/or friends). ‘Awareness’ was defined as selecting all 5
of the correct stroke symptoms from among 10 listed symp-
toms with decoy choices. The estimated fraction of the pos-
sible impact due to each source on the whole population was
also calculated by odds ratios (ORs) and the proportion of
respondents who selected each source (Pe). The combined
effects of mass media and personal communication sources
on awareness were also assessed. Results: Of the 5,540 resi-
dents, only 23% selected ali 5 correct symptoms. Visual dis-
turbance was the least known of the 5 symptoms (35%). All
sources were positively related to awareness, with ORs (Pe)
of: television, 1.58 (72.5%); newspaper, 1.79 (48.0%); radio,
1.74 (13.3%); posters, 1.73 (7.6%); leaflets, 1.50 (24.7%); inter-
net, 1.66 (5.6%); health professionals, 1.33 (34.8%), and fam-
ily/friends, 1.21 (44.6%). The estimated fraction of the possi-
ble impact due to each source was higher for mass media
(television, 0.31 and newspaper, 0.28) than personal commu-
nication sources (Internet, 0.04 and leaflets, 0.12). Mass me-
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dia only and mass media/personal communication sources
were significantly associated (ORs: 1.66, 2.75, respectively).
Conclusions: As a single method of public education, televi-
sion could be the most effective strategy. Moreover, the com-
bined approach involving mass media and personal commu-
nication sources might have a synergistic effect. Less well-
known symptoms, such as visual disturbances, should be
noted in public education campaigns.

Copyright © 2013 S. Karger AG, Basel

Introduction

Stroke is the leading cause of permanent disability in
adults and one of the major leading causes of death and
disability worldwide [1-5]. Some previous studies exam-
ining time limit for initiation of intravenous thromboly-
sis therapy using alteplase demonstrated that alteplase
treatment within 4.5 h of onset improved functional out-
come [6, 7]. However, it was also reported that delay in
hospital presentation of patients with acute stroke still re-
mained substantial [8-11]. The reasons for this delay
were attributed to both lack of awareness of stroke attacks
and nonuse of ambulances in previous studies [8, 12].
Thus, it is important for improving stroke outcomes to
educate citizens to react immediately and appropriately
at their stroke onset. Such community education should
be focused on the recognition of early symptoms of stroke
onset and appropriate reaction at stroke onset, i.e., to call
an ambulance as soon as possible. Despite the importance
of recognizing early symptoms, the population remains
poorly informed about the early symptoms of stroke [13-
17].

The purpose of the present study was to clarify which
early symptoms of stroke are less well known, and which
information sources are used to obtain knowledge about
stroke by the general Japanese population. The study
aimed furthermore to identify which information sources
were related to awareness of stroke symptoms.

Methods

Acquisition of Stroke Knowledge (ASK) Study

This study was conducted as a baseline survey of a nonran-
domized community intervention trial, the Acquisition of Stroke
Knowledge Study, to improve awareness about early symptoms of
stroke and the appropriate response to stroke onset. Three cities
in Japan, i.e., Akita, Shizuoka and Kure, were selected. Akita is
located in the northern part of Japan. In the present study, two
districts of Akita city, i.e., Kawabe and Yuwa, were selected in or-
der to prepare for future intensive intervention targeting im-
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provement of knowledge about stroke. Kure is a city in Hiroshima
prefecture in the western part of Japan, and Shizuoka is located in
the central part of Japan. A preintervention survey was followed
by community intervention. After the community intervention,
postintervention surveys have been performed to assess a long-
term effect of our intervention, which are now ongoing and under
analysis. This article was based on the preintervention survey in
2006.

From these three areas, 11,306 community dwellers, aged 40—
74 years, were randomly selected by an age-stratified random sam-
pling method from the Basic Resident Register. To align the age
distribution among participants in the three areas, the number of
listed participants in each age bracket, i.e., 40-49, 50-59, 60-69
and 70-74, was almost equal.

Measures and Procedure

A mail-in survey was conducted from April to July in 2006,
and a closed-end questionnaire was mailed to each participant.
The questionnaire consisted of the following: general knowledge
of stroke, early symptoms of stroke, what to do at the time of
stroke onset, information sources for knowledge about stroke,
and sociodemographic factors (see ‘Appendix’). The questions
regarding ‘early symptoms of stroke’” consisted of 5 correct an-
swers and 5 decoy answers as multiple-choice items. The ques-
tions regarding ‘information sources about stroke’ consisted of
11 multiple-choice items. For these questions, multiple answers
were allowed. The questions regarding ‘Response to stroke at-
tack’ consisted of 7 multiple-choice items, for which a single an-
swer was required.

This study was approved by the ethics committee of Shiga Uni-
versity of Medical Science (17-97).

Analysis Methods

Differences in responses among age groups were assessed
with the x? test. In this study, respondents with ‘awareness’ of
early symptoms were defined as those who selected all 5 correct
early symptoms of stroke from the 10 symptoms listed, except for
those who selected all items. The odds ratio (OR) of having
‘awareness’ of early symptoms from an information source was
calculated with logistic regression analysis after adjusting for age,
sex, survey site, with/without risk factors for stroke, with/without
stroke patients close to respondents, and living alone or not,
among respondents who did not have a past history of stroke. In
addition, the estimated fraction of possible impact due to each
information source on the whole population was calculated ac-
cording to the ORs mentioned above and the proportion of re-
spondents who chose each information source using this formu-
la in analogy to Levin’s [18] formula for population-attributable
risk: [Pe x (multivariate adjusted OR -- 1)]/[Pe x (multivariate
adjusted OR -- 1) + 1], where Pe is the proportion of respondents
who chose one information source as their own information
source, and OR is the odds ratio of having awareness of early
symptoms in the same respondents. We believe that both of them
are important to improve public awareness. Further logistic re-
gression analysis was performed to assess the combined effect of
mass media and personal communications on awareness of
stroke symptoms.

All significance tests were two-tailed, and p < 0.05 was consid-
ered significant in all analyses. Data were analyzed with SPSS ver-
sion 15.0 for Windows (SPSS Inc.).
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Table 1. Response rate and characteristics of respondents by sex and age

Overall Sex Age, years
men women 40-49 50-59 60-69 70-74
Responses, n 5,540 2,618 2,922 1,390 1,524 1,779 847
Subjects, n 11,306 5,672 5,634 3,184 3,311 3,207 1,604
Response rate, % 49.0 46.2 51.9 43,7 46.0 55.5 52.8
(n = 5,540) (n=2,618) (n=2,922) n=1390) (n=1,524) (n=1,779) (n=847)
Past history of stroke 128 (2.3) 81 (3.1) 47 (1.6) 7 (0.5) 14 (0.9) 60 (3.4) 47 (5.5)
Self-reported underlying diseases of stroke
High blood pressure 1,211 (21.9) 656 (25.1) 555 (19.0) 107 (7.7) 270 (17.7) 518 (29.1) 316 (37.3)
High cholesterol 729 (132)  325(124)  404(13.8)  94(6.8)  217(142)  306(172) 112(13.2)
Diabetes 429 (7.7) 270 (10.3) 159 (5.4) 43 (3.1) 85 (5.6) 193 (10.8) 108 (12.8)
Heart diseases 213 (3.8) 127 (4.9) 86 (2.9) 10 (0.7) 26 (1.7) 103 (5.8) 74 (8.7)
Arrhythmia 423 (7.6) 241(9.2) 182 (6.2) 50 (3.6) 102 (6.7) 172 (9.7) 99 (11.7)
Transient ischemic attack 31(0.6) 19(0.7) 12 (0.4) 1(0.1) 4(0.3) 11 (0.6) 15 (1.8)
At least one of diseases mentioned above 2,143 (38.7) 1,131 (43.2) 1,012 (34.6) 253 (18.2)  521(34.2) 888 (49.9) 481 (56.8)
With stroke patients close to respondents 3,031 (54.7) 1,426 (54.5) 1,605 (54.9) 703 (50.6) 883 (57.9) 1,010 (56.8) 435 (51.4)
Living alone 471 (8.5) 230 (8.8) 241 (8.2) 92(6.6)  115(7.5) 166 (9.3) 98 (11.6)

Data shown as number of subjects with percentage in parentheses.

Results

Response Rate and Age Distribution of the Survey

Population

The respondents of this study were 5,540 individuals
(response rate 49.0%) with a mean age of 58.1 + 9.8 years,
52.7% were women (table 1). Of the respondents, 2.3%
reported a history of stroke, 54.7% reported that a close
acquaintance had suffered a stroke, and 38.7% had at least
one of the risk factors for stroke (table 1).

Knowledge of Stroke

As shown in table 2, approximately 80% of all respon-
dents reported knowing what stroke was. Concerning the
early symptoms of stroke, approximately 90% of respon-
dents appropriately selected ‘sudden hemiplegia’ and
‘sudden speech problem’ as early symptoms, followed by
‘sudden, severe headache’ (72.3%) and ‘sudden dizziness
or loss of balance’ (62.7%). However, only 35.0% of re-
spondents selected ‘sudden vision problem’. Of all re-
spondents, 1,288 (23.2%) were classified as having ‘aware-
ness’ of early symptoms, which was defined as complete
selection of the 5 correct early symptoms. The proportion
of respondents who had ‘awareness’ was higher in those
aged less than 60 years (26.8, 19.3%, respectively, p < 0.001
for the ¥ test), and was higher in those who had someone
close who was a stroke patient than those who did not

Public Awareness of Early Symptoms of
Stroke in Japan

(26.1, 19.8%, respectively, p < 0.001 for the x? test). Even
among 4,285 respondents who reported that I generally
know what a stroke is’, only 1,076 (25.1%) were defined as
those who had awareness of early symptoms of stroke
(data not shown). Over 80% of respondents answered that
they would call an ambulance at stroke onset (table 2).

Associations between Information Sources and

Awareness of Early Symptoms of Stroke

In the present study, eight information sources were
grouped into two major types of information sources.
Television, newspaper, and radio were categorized as
‘mass media’, and Internet, family/friends, leaflets, post-
ers, and health professionals were categorized as ‘person-
al communication sources’. As shown in table 3, the pro-
portion of respondents who chose television (72.4%) was
higher than other information sources, especially ‘per-
sonal communication sources’. Few respondents selected
the Internet and posters as the information source about
stroke. Substantial gender difference was not observed.
Health professionals were chosen by elders, whereas In-
ternet was chosen by young people.

The results of multivariate-adjusted logistic regression
analyses, which were performed to assess associations be-
tween each information source and ‘awareness’ of early
symptoms, are shown in table 4. These results demon-
strated that respondents who obtained information for
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Table 2. General knowledge, knowledge of risk factors and early symptoms of stroke,kand reaction to stroke onset by sex and age

Overall Age, years
(n=5500) 4570 50-59 60-69 70-74 p value
(n=1,390) (n=1,524) (n=1,779) (n=2847)

Do you know what is ‘stroke’® <0.001
Generally know 4,285 (77.3) 1,017 (73.2) 1,194 (78.3) 1,401 (78.8) 673 (79.5)
Only name of disease 1,063 (19.2) 339 (24.4) 284 (18.6) 310(17.4) 130 (15.3)
Do not know 96 (1.7) 9 (0.6) 21(1.4) 40 (2.2) 26 (3.1)
Nonresponding 96 (1.7) 25(1.8) 25(1.6) 28 (1.6) 18 (2.1)

What are the early symptoms of stroke onset?®
Sudden one-sided numbness or weakness of the face, arm, orleg 4,797 (86.6) 1,242 (89.4) 1,346 (88.3) 1,512 (85.0) 697 (82.3)  <0.001
Sudden confusion or trouble speaking or understanding others 4,796 (86.6) 1,255 (90.3) 1,371 (90.0) 1,495 (84.0) 675(79.7)  <0.001

Sudden severe headache with no known cause 4,008 (72.3) 1,077 (77.5) 1,158 (76.0) 1,222 (68.7) 551 (65.1)  <0.001
Sudden dizziness, trouble walking, or loss of balance 3,471 (62.7) 882 (63.5) 997 (65.4) 1,111 (62.5) 481 (56.8)  <0.001
or coordination

Sudden trouble seeing in one or both eyes 1,938 (35.0) 571 (41.1) 579 (38.0) 544 (30.6) 244 (28.8)  <0.001
Palsy of both hands and/or fingers® 2,461 (44.4) 675 (48.6) 712 (46.7) 729 (41.0) 345 (40.7) <0.001
Selected all 5 correct warning signs of stroke 1,288 (23.2) 373 (26.8) 408 (26.8) 344 (19.3)  163(19.2)  <0.001
Selected all 5 correct warning signs of stroke¢ 1,267 (23.0) 367 (26.4) 399 (26.2) 339(19.1) 162 (19.1)  <0.001
How do you respond if you are having a stroke attack?* <0.001
Immediately call an ambulance 4,500 (81.2) 1,176 (84.6) 1,265 (83.0)  1,401(78.8) 658 (77.7)
Immediately call a primary physician at clinic or hospital 401 (7.2) 44 (3.2) 89 (5.8) 171 (9.6) 97 (11.5)
Immediately call a large and/or special hospital 150 (2.7) 40 (2.9) 38 (2.5) 48 (2.7) 24 (2.8)
Immediately see a primary physician at clinic or hospital 124 (2.2) 24(1.7) 29 (1.9) 54 (3.0) 17 (2.0)
Immediately see a doctor in large and/or special hospital 261 (4.7) 78 (5.6) 82 (5.4) 72 (4.0) 29 (3.4)

See a primary physician at clinic or hospital during office hours 24 (0.4) 6(0.4) 2(0.1) 9(0.5) 7 (0.8)

See a doctor in large and/or special hospital during office hours 11 (0.2) 4(0.3) 2(0.1) 3(0.2) 2(0.2)

Wait and observe symptoms for several days 11 (0.2) 3(0.2) 3(0.2) 4(0.2) 1(0.1)

Unknown 58 (1.0) 15(1.1) 14 (0.9) 17 (1.0) 12 (1.4)

Data shown as number of subjects with percentage in parentheses. * Single answer was required. ® Multiple answers allowed. ¢ Decoy answer. ¢ Of the
5,519 respondents, excluding those who chose all 10 items. p value for ¥ test.

Table 3. Proportion of respondents who chose each information source among 5,391 members® of the general population (%, by sex and
age)

Type of information source Overall Sex Age, years
(n=5,391) men women 40-49 50-59 60-69 70-74
n=2,527) (n=2,864) (n=1,377) n=1501) (n=1714) (n=799)
Mass media
Television 72.4 68.5 75.9 74.2 71.8 73.2 69.0
Newspaper 48.0 48.1 47.8 48.0 50.2 49.5 40.3
Radio 13.2 14.4 12.1 11.1 149 14.3 11.1
Personal information
Internet 5.5 7.1 4.1 10.7 6.9 2.1 1.3
Family/ friends 445 40.5 48.0 39.7 48.7 47.0 39.5
Leaflets 24.6 25.6 23.7 20.0 29.2 25.9 20.9
Posters 7.5 8.2 6.9 7.8 9.3 7.0 4.6
Health professionals® 34.7 36.6 33.0 219 30.5 41.4 50.2

25,391 respondents excluding respondents who had a past history of stroke (n = 128) or selected all 10 as early symptoms (n = 21).
b Medical doctors and/or nurses.
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Table 4. Awareness of stroke symptoms by each information
source among 5,391 members of the general population

Type of information Univariate Multivariate
source adjusted®
ORs 95% CIs ORs  95% Cls
Mass media
Television 1.68 1.44-1.96 1.65 1.41-1.93
Newspaper 1.83 1.61-2.08 1.81 1.59-2.06
Radio 1.67 1.41-198 1.75 1.47-2.08
Personal information
Internet 194 151-248 1.68 1.30-2.16
Family/friends 1.27  1.12-1.44 1.21 1.06-1.38
Leaflets 1.53 1.33-1.76 1.53 1.32-1.76
Posters 1.78 1.44-222 1.74 1.40-2.17
Health professionals® 1.23 1.08-1.40 134  1.16-1.54

‘Awareness of stroke symptoms’ was defined as to select all of
5 correct early symptoms of stroke (n = 1,241, 23.3%). ORs and
95% Cls were calculated among 5,391 respondents, excluding re-
spondents who had a past history of stroke (n = 128) or selected all
10 as early symptoms (n = 21).

* Medical doctors and/or nurses.

b Multivariate-adjusted ORs and 95% Cls were calculated ad-
justing for age, sex, survey site, with/without closed person with
stroke, living alone, with/without risk factors of stroke such as
high blood pressure, high cholesterol, diabetes, heart disease, ar-
rhythmia, and transient ischemic attack for each information
source.

Public Awareness of Early Symptoms of
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stroke from any type of sources were more likely to be
aware of early symptoms of stroke than their counter-
parts: newspaper (OR: 1.81), radio (OR: 1.75), and televi-
sion (OR: 1.65) as ‘mass media’, and posters (OR: 1.74),
Internet (OR: 1.68), leaflets (OR: 1.53), health profession-
als (OR: 1.34), and family/friends (OR: 1.21) as ‘personal
communication sources’.

Estimated Fraction of Impact due to Each Information

Source on the Whole Population

Figure 1 shows the estimated fraction of the impact
due to each information source about awareness of stroke
symptoms on the whole population. Mass media, espe-
cially television and newspapers, were found to have a
large estimated fraction, i.e., 0.32 (95% confidence inter-
val, CI, 0.23-0.40) for television and 0.28 (95% CI, 0.22—
0.34) for newspaper. On the other hand, despite high
ORs, posters and the Internet as personal communication
sources had a relatively small estimated fraction due to
the small proportion of respondents who chose them as
information sources, 0.05 (95% CI, 0.03-0.08) for posters
and 0.04 (95% CI, 0.02-0.06) for the Internet.

Combination of Mass Media and Personal

Communications

To assess the combined effect of mass media and per-
sonal communications on ‘awareness’ of early symptoms,
respondents were divided into four groups according to the

Cerebrovasc Dis 5
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Fig. 2. ORs and 95% Cls of awareness of
stroke symptoms by types of communica-
tion source among 5,391 participants of the
general population. ‘Awareness of stroke
symptoms’ was defined as selecting all 5
correct early symptoms of stroke. ORs and
95% Cls were calculated among the 5,391
respondents, except for respondents who
had a past history of stroke (n = 128) or se-
lected all 10 as early symptoms (n = 21).

ORs and 95% Cls of awareness of
stroke symptoms

ORs were calculated adjusting for age, sex,
survey site, with/without close stroke pa-
tients, living alone or not, with/without
risk factors of stroke such as high blood
pressure, high cholesterol, diabetes, heart
disease, arrhythmia, and transient isch-
emic attack, along with each information
source.

Cases/number:

No source

26/225

Both
mass media
and personal
communication
sources

882/3,225

Mass
media only

Personal
communication
sources only

157/973 176/968
Combinations of two types of information sources

type of information source (no source, personal communi-
cation sources only, mass media only, both mass media and
personal communication sources). On multivariate-adjust-
ed logistic regression analysis using ‘no information source’
as the reference group, as shown in figure 2, obtaining

knowledge about stroke from ‘mass media only’ was posi-

tively related to ‘awareness’ of early symptoms of stroke
(OR: 1.66). The combination of mass media and personal
communication sources was significantly related to better
knowledge of early symptoms of stroke (OR: 2.75). ‘Per-
sonal communication sources only’ did not have a signifi-
cant association with awareness of stroke symptoms.

Discussion

The present study is the first community-based study
focusing on information sources for ‘awareness’ of early
symptoms of stroke among the general population in Ja-
pan. In the present study, the proportion of the general
population reported that they would call an ambulance if
attacked by a stroke was higher than in the United States
[19]. However, only about one fourth of respondents
(23.2%) selected all of the correct early symptoms of stroke.
Furthermore, despite the low prevalence of respondents
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who selected all 5 correct answers, nearly 80% of respon-
dents reported that I generally know what stroke is’.

In previous studies that focused on knowledge about
stroke, 35-70% of respondents had awareness of the ear-
ly symptoms of stroke [20-22]. The discrepancy in the
proportion of people with awareness between previous
studies and the present study may be due to the difference
in the definitions of “to be aware’ of stroke symptoms. In
the present study, persons with awareness were defined
as those who selected all 5 correct early symptoms of
stroke from among 10 symptoms. On the other hand,
knowledge of only 1-2 of correct symptoms was defined
as awareness in the analysis of previous studies, i.e. Fogle
et al. [22] defined a person reporting two or more symp-
toms of stroke as one who had awareness of stroke symp-
toms, and they reported that the proportion of people
with awareness was 68-73% before the campaign. The
reason why such a strict definition was used for the assess-
ment of awareness about stroke symptoms in the present
study is that people cannot choose their stroke symptom
when it occurs. Robinson et al. [23] reported that symp-
toms not included in the FAST campaign (leg weakness
and visual loss) were poorly recognized by British people
and indicated that this lack of knowledge might lead to
delays in hospital presentation. Actually, in the Greater

Miyamatsu et al.



Cincinnati/Northern Kentucky Stroke Study, it was
found that stroke/transient ischemic attack patients with
numbness or visual changes were less likely to contact
emergency medical services [24]. To call an ambulance
and go as an emergency to the hospital, people who have
stroke attacks and bystanders must recognize that it is a
stroke, no matter which early symptom is observed. As to
knowledge of which early symptom is lacking, less severe
symptoms such as ‘sudden vision problem’ and ‘sudden
dizziness or loss of balance’ tended to be recognized less
as early symptoms than sudden hemiparesis/speech prob-
lem/severe headache in the present study, which should
be emphasized in public education or a campaign.

This study also clarified how general citizens obtained
knowledge about stroke, for example, from mass media,
such as television, newspaper, and radio, or personal com-
munication sources, such as the Internet, family/friends,
leaflets, posters, and health professionals. Apparently, all
information sources were positively associated with high-
er awareness; the OR for having awareness was highest in
the persons who selected newspapers as information
source. However, in the present study, the estimated frac-
tion of impact due to each information source on the
whole population was the largest for television, followed
by newspapers. Silver et al. [20] performed a telephone
survey before and after mass media campaigns, and they
reported that television advertisements changed the abil-
ity to name the early symptoms of stroke in a Western
population. We also reported that a 1-year intervention
with a television campaign improved public awareness of
stroke symptoms only in the intervention area in a com-
parative study design [25]. It seems that consensus has
been obtained about the strong effect of television on im-
provement of stroke knowledge in community-based in-
terventions. However, Silver et al. [20] also reported in the
previously cited study that no significant change by re-
ceiving print (newspaper) advertising was observed in
their study. On the other hand, the present study demon-
strated that respondents who reported newspapers as
their information source tended to be aware about the ear-
ly symptoms of stroke, and the estimated impact of news-
papers on awareness of stroke symptoms was the second
largest after television. A possible reason for explaining
this discrepancy is the difference in the daily newspaper
subscription rate between study populations. Since about
49,063,000 households in Japan in 2006 paid for a total of
69,100,000 subscriptions [26], it was considered that most
Japanese read newspapers. Campaigns involving newspa-
pers could be a particularly effective intervention strategy
for populations with a high newspaper subscription rate.

Public Awareness of Early Symptoms of
Stroke in Japan

To assess a certain information source, its effect on
personal education and the proportion of citizens who
chose it as their information source are both important in
the view of public education. Accordingly, we calculated
the estimated fraction of impact due to each information
source on the whole population. The present study indi-
cated that mass media might have a huge advantage in
educational campaigns to improve knowledge about
stroke. Our findings also suggest that personal commu-
nication sources, includingleaflets and the Internet, show
a potential effect to increase individual knowledge; how-
ever, it is important to improve their distribution systems
to ensure that many citizens can access the above-men-
tioned personal communication sources. Additionally, in
the present study, it is very interesting that acquisition of
knowledge via a combination of mass media, such as tele-
vision and newspaper, and personal communication
sources, such as leaflets and/or posters, was strongly re-
lated to awareness of early symptoms of stroke. Our find-
ings are valuable for the development of an efficient strat-
egy for education of the public at large.

There are several limitations to the present study.
Firstly, there might have been a response bias in the sur-
vey because of the low response rate. Unfortunately, in-
formation to compare responders and nonresponders
could not be obtained. Respondents may have been citi-
zens who were relatively interested in stroke. Thus, the
prevalence of citizens who have awareness of stroke
symptoms might be overestimated. Secondly, the inten-
sity of exposure, such as the duration of watching televi-
sion or reading a newspaper daily concerning stroke, was
not evaluated because of the limited space of the mail-in
survey questionnaire. Thirdly, socioeconomic factors,
such as educational level or annual income, which might
be associated with information sources [27], were not
considered. However, representatives of local character-
istics such as household composition ratio, educational
levels and unemployment rate, did not substantially differ
between average of three study areas and the whole of Ja-
pan. Finally, the cross-sectional design cannot prove cau-
sality. In conclusion, this community-based survey in-
volving a randomly selected sample of the general popu-
lation showed that most respondents knew that they
should immediately seek healthcare, including use of an
ambulance, when they suspected or are suspected to have
a stroke attack. However, they did not completely under-
stand the early symptoms of stroke onset, especially mild
symptoms. Less well-known symptoms, such as visual
problems, should be noted in the campaign. In addition,
the present study showed that any type of information,
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especially a combination of mass media such as television
and newspapers and personal communication sources
such as the Internet and leaflets, was associated with
awareness of stroke symptoms. A campaign including a
mixture of mass media and personal communications,
therefore, should be an effective strategy for public educa-
tion about stroke. Further prospective or intervention
studies are needed to assess the synergistic effects of com-
plex intervention strategies.
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Appendix
Ql Age years
Q2 Sex
1 Man
2 Woman

Q3 Do you have any paid work/job now? (A part-time job is
also included.)
1 Yes
2 No
Q4 Do you live alone?
1 Yes
2 No
Q5 Do you know what is stroke?
1 Yes: generally know
2 Yes: only name of the disease
3 No
Q6 Do you know that stroke is comprised of three types, i.e.,
cerebral hemorrhage, cerebral infarction, and subarach-
noid hemorrhage?
1 Yes
2 No
Q7 Have you suffered any disease? Please check all of the fol-
lowing
1 No disease
2 Cancer
3 Heart disease
4 Arrhythmia
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Stroke
Transient ischemic attack
Hypertension
Gastroduodenal ulcer
Liver disease
10 Diabetes mellitus
11 Hyperlipidemia/hypercholesterolemia
12 Kidney disease
13 Hyperuricemia/gout
14 Rheumatoid arthritis
15 Asthma
16 Cataract
17 Mental disorder
18 Dementia
19 Other disease
Q8 Do you have any family members, colleagues, or friends
with a history of stroke?
1 Yes
2 No
Q9 What are the early symptoms of a stroke attack? Please
choose all fitting symptoms from the following
1 Sudden one-sided numbness or weakness of the face,
arm, or leg
2 Sudden nasal bleeding
3 Sudden fever
4. Sudden confusion or trouble speaking or
understanding others
5 Sudden pain on left shoulder
6 Sudden trouble seeing in one or both eyes
7 Sudden dizziness, trouble walking, or loss of balance
or coordination
8 Numbness of both hands and/or fingers
9 ‘Sudden severe headache with no known cause
10 Sudden difficulty in breathing
Q10 ‘How do you respond to a stroke attack? Please choose only
one from the following
1 Immediately call an ambulance
2 Immediately call a family physician at clinic or
hospital :
3. Immediately call a large and/or specialized hospital
4 Immediately see a family physician at clinic or hospital
5  Immediately see a doctor in large and/or specialized
hospital
6 See a family physician at clinic or hospital during
office hours ‘
7 See a doctor in large and/or specialized hospital during
office hours
8 Wait and observe the symptoms for several days
Q11 What are your information sources of knowledge about
stroke? Please choose all the sources
Medical doctor
Nurse and/or public health nurse
Leaflet
Poster
Television
Radio
Newspaper
Internet
Family and/or friend
Other ( )

No information source
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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) includes a broad range of liver pathologies from simple steatosis to
cirrhosis and fibrosis, in which a subtype accompanying hepatocyte degeneration and fibrosis is classified as nonalcoholic
steatohepatitis (NASH). NASH accounts for approximately 10-30% of NAFLD and causes a higher frequency of liver-related
death, and its progression of NASH has been considered to be complex involving multiple genetic factors interacting with
the environment and lifestyle.

Principal Findings: To identify genetic factors related to NAFLD in the Japanese, we performed a genome-wide association
study recruiting 529 histologically diagnosed NAFLD patients and 932 population controls. A significant association was
observed for a cluster of SNPs in PNPLA3 on chromosome 22q13 with the strongest p-value of 1.4x107'° (OR=1.66, 95%Cl:
1.43-1.94) for rs738409. Rs738409 also showed the strongest association (p =3.6x10"°) with the histological classifications
proposed by Matteoni and colleagues based on the degree of inflammation, ballooning degeneration, fibrosis and Mallory-
Denk body. In addition, there were marked differences in rs738409 genotype distributions between type4 subgroup
corresponding to NASH and the other three subgroups (p=4.8x107%, OR=1.96, 95%Cl: 1.47-2.62). Moreover, a subgroup
analysis of NAFLD patients against controls showed a significant association of rs738409 with type4 (p=1.7x10""5,
OR=12.18, 95%Cl: 1.81-2.63) whereas no association was obtained for typel to type3 (p=0.41). Rs738409 also showed
strong associations with three clinical traits related to the prognosis of NAFLD, namely, levels of hyaluronic acid
(p=4.6x10"%, HbAlc (p=0.0011) and iron deposition in the liver (p=56x10"%.

Conclusions: With these results we clearly demonstrated that Matteoni type4 NAFLD is both a genetically and clinically
different subset from the other spectrums of the disease and that the PNPLA3 gene is strongly associated with the
progression of NASH in Japanese population.
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Introduction syndrome such as diabetes mellitus, hypertension and dyslipide-
mia, and the number of NAFLD patients is increasing worldwide
along with the escalation in the incidence of metabolic syndrome
[4]. Prevalence of NAFLD is considered as approximately 8% in

crosis, and steatohepatitis to cirrhosis [1-3]. NAFLD often Japanese and 6-35% in Europeans [4,5]. The majority of NAFLD
accompanies other lifestyle-related pathologies of metabolic

Nonalcoholic fatty liver disease (NAFLD) includes a broad
range of pathologies from fatty liver (simple steatosis), steatone-
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shows simple steatosis with a good prognosis, but approximately
10-30% of NAFLD histologically diagnosed as nonalcoholic
steatohepatitis (NASH) shows hepatocyte degeneration (ballooning
hepatocyte), necrosis, inflammation and fibrosis, with a higher
frequency of liver-related death both in Japanese and European
populations [6,7]. Insulin resistance and oxidative stress are
considered to be key players in the progression of NASH [8,9].
However, the progression of NASH has been considered to be
complex involving multiple genetic factors interacting with the
environment and lifestyle, because only a portion of NAFLD
patients develops NASH.

The first Genome-wide association (GWA) study searching for
such genetic factors identified the PNPLA3 gene as a major genetic
determinant for the predisposition to NAFLD in Hispanic, African
American and European American populations according to liver
fat contents [10], which was subsequently confirmed in Europeans
and Asians according to liver biopsy. Association of PNPLA3 with
not only fatty liver and TG content, but also inflammation and
fibrosis were shown in the subsequent studies, so PNPLAS may be
widely associated with the development of NAFLD [11-13]. More
recently, another GWA study reported the association of four
additional genes with NAFLD in Europeans [14]. Also, a
candidate gene-based approach revealed the association between
NAFLD and the apolipoprotein C3 gene in Indians [15].
However, the precise role of such genes in the development of
NASH still remains to be elucidated. In addition, no GWA study
has been reported for Asian populations to date although the
genetic components and their relative contribution may be
different between ethnicities.

The Japan NASH Study Group was founded in 2008 aiming at
the identification of genetic determinants predisposing to NASH in
the Japanese population. Here we report the first GWA study of
NAFLD in the Japanese using DNA samples of patients with liver
histology-based diagnoses recruited through this multi-institutional
research network.

Results

Genome-wide Association Analysis of NAFLD in Japanese

We conducted a GWA study using DNA samples of 543
patients with NAFLD and 942 controls. After quality controls of
genotyping results (see materials and methods for details), a total
of 529 patients consisting of four NAFLD subgroups according
to Matteoni’s classification [2] (typel; 100, type2; 73, type3; 29,
type4; 327) and 932 controls were subjected to statistical
analyses (Table 1). This index pathologically classifies NAFLD
according to the degree of inflammation, hepatocyte degener-
ation, and the existence of fibrosis and Mallory-Denk body in
the liver. Genome scan results of 932 DNA samples collected
for other genetic studies were used as general Japanese
population controls [16]. After standard quality control proce-
dure as described in materials and methods, genotype distribu-
tions of 484,751 autosomal SNP markers were compared
between the NAFLD cases and control subjects by exact trend
test. A slight inflation of p-values was observed by genomic
control method (A= 1.04) (Figure S1).

We identified six SNP markers located at chromosome 22¢13
showing genome-wide significance ($<<1.04x1077) (Figure 1).
Among them, four SNPs, namely, rs2896019, 15926633,
rs2076211 and rs1010023, located in the PNPLAS gene and in
strong linkage disequilibrium (LD) (r?>0.93), returned p-values
smaller than 1x107° (p=1.5x107'°, 7.5x107'°, 1.4x10™° and
1.5x1077, respectively) (Table 2). Rs738407 and rs3810662 also
located in PNPLA3 showed significant but weaker associations

@ PLoS ONE | www.plosone.org
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(p=1.0x10"" and 1.0x1077, respectively) than the above four
SNP markers. Rs738491, rs2073082, rs3761472, rs2235776,
rs2143571 and rs6006473 were in the neighboring SAMM50 gene
which is outside of the linkage disequilibrium (LD) block where the
top SNP markers were distributed (Figure 2). These markers were
in moderate LD with each other (r*>0.42) and showed p-values
between 3.9x107°% and 6.4x 1077 but did not reach genome-wide
significance (Table S1). Rs738409, the SNP which showed the
strongest association with NAFLD in the first GWA study [10],
was not included in the SNP array used in our study. This SNP
was therefore genotyped using Taqman technology in the same
case and control samples that were used for genome scan.
Rs738409 showed the strongest association with the disease
(p=14x10""" OR=1.66, 95%CIL: 1.48-1.94) among all the
SNP markers examined in this study. The association remained
after the correction for population stratification with EIGEN-
STRAT [17] (p=2.3x107""). Although a peak consisting of a
cluster of SNPs was observed at the HLA locus on chromosome 6
(minimal p-value of 4.10x1077 for rs9262639 located at the 3 of
C6orf15 gene), the association disappeared when EIGENSTRAT
was applied (p>1.6x107%. We consider this as a result of
population stratification between the cases and controls.

Impact of PNPLA3 Polymorphisms to the Pathogenicity of
NAFLD

We next examined whether or not the seven SNPs in the
PNPLA3 gene were associated with the pathogenic status of
NAFLD. The genotype distributions of these SNPs were
compared by Jonckheere-Terpstra test among the four subgroups
of NAFLD patients categorized by Matteoni’s classification (typel
to type4). There was a significant increase in the frequency of the
risk allele from Matteoni typel to type4 for all of the seven SNPs
(p-values ranging from 3.6x107% to 0.0017) (Table 2). Among
them, rs738409 again showed the strongest association
(p=3.6x10"% as seen in the simple case/control analysis. On
the other hand, there was no significant association between
control and Matteoni typel (p=0.76).

In order to clarify how rs738409 influences the pathogenicity of
NAFLD, we performed pairwise comparisons of genotype
distributions in the four subgroups of NAFLD patients. There
were marked differences in genotype distributions between type4
subgroup and the other three subgroups by multivariable logistic
regression adjusted for age, sex and body mass index (BMI)
(p=2.0x107°, OR =2.18, 95%CI: 1.52-3.18 between typel and
typed; p=14x10"°, OR=1.81, 95%CIL: 1.26-2.62 between
type2 and typed; p=0.027, OR=1.85 95%CI: 1.07-3.19
between type3 and type4) (Figure 3). On the other hand, no
significant associations were obtained for typel to type3 in any
combinations. When we performed the same analysis between
type4 and the pooled genotypes of typel to type3, we again
obtained a significant difference (p= 48x%1075% OR=1.96,
95%CI: 1.47-2.62).

We further examined the specific association of rs738409 with
type4 subgroup by using the case/control association results of the
initial genome scan. 529 NAFLD patients were divided into 202
patients with typel to type3 and 327 patients with type4, and
genotype distributions  of rs738409 in each subgroup were
compared with those of 932 control subjects. Exact trend test
returned an extremely strong association of rs738409 with type4
subgroup (p=1.7x107'°, OR =2.18, 95%CIL: 1.81-2.63) whereas
no association was obtained for typel to type3 subgroups
(p=041).
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Association of rs738409 Genotypes with Clinical Traits
The quantitative effects of rs738409 genotypes to clinical traits
were examined by multivariable regression adjusted for age, sex
and BMI (statistical calculation 1, Table 3). Five categorical
ordinals, namely, anti-nuclear antibody (ANA), Brunt grade,
Brunt stage, fat deposition and iron deposition, were also tested
by an ordinal logistic regression analysis. Potential associations
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Table 1. Clinical characteristics according to the histological classification.
Phenotype Matteoni classification of NAFLD Control pvalue
L - Tyéej‘ Type2 . Type 3 Type‘4; E L
Number of samples 100 73 29 327 932
Sex (Male/Female) . soa 4726 1316 1307197 471461 000231
Age (year) 49.7+153 4 51.5+153 494+14.0 57.6%14.8 48.8+16.3 <0.001
Physicalméasﬁfehwéﬁt: ‘:, . 0 : . | ; ; | ) e
BMI 26‘21'4;3 27.7+48 ‘ 27.6+3.5 27.7t5k.2k - 0.054
Amount of visceral fat (cm?)  1468%653  1543x477 1368+538  1s17%574 - 046
Abdominal circumscript (cm) 90.9+9.9 94.1 i10.0 88.5%10.2 ‘94;1 “':1’1'.8 - ’0.10
B'iochérﬁicaklktrait' ; k e . o : o
AST (1U/L) 31.1%146 36.4:185 52.4+35.1 S7.7i48.4 - <0.001
ALT (/L) 48.6+308 62.82476 8152469 749:48.4 = <0.001
GGT (IU/L) 71.0%62.5 67.1+£66.9 96.1£91.3 76.6£73.9 - 0.25
Albumin (g/dL) 45404 44303 45203 43+04 = <0001
Total bilirubin (mg/dL) 0.9+0.5 0.9%0.5 ‘ 0.9+0.6 0.8i0,4 - 0.063
 Cholinesterase (unit) 389.1£97.0 35432972 371121009 3489%932 - - <0001
‘Type IV collagen 7S (ng/dL) 3.8+0.7 39+09 3.9tb.8 51+1.7 - <0.001
 Hyaluronic acid (ng/dL) 256+225 3364205 3152240 80.9+843 o <0001
Triglycerides {mg/dL) 151.9+73.8 154.0£92.1 166.1+86.5 161.2+85.7 - 0.23
~T6tka,|kch(’>:!es,tgfqlk ,(lk'ng/dL)'," ' : 2091.*:328 19401380 . 2030i399 20031—390 . - ' 0093 -
HbA1c (%) ’ ‘ ’ 6.1x1.1 59%1.2 ’ 6.5i1‘8 6.21‘1’.3’ - 0.13’
IRl (uo/d) - 9,~1',i5.4ﬁ . 114290 104+63  149%99 L <0001
FéG (mg/dL) 112.9+33.7 107.3+£27.4 109.9i27.7 1i4,8:."33.8 - ‘0.14'1
HOMA-R 2415 2ee24 . 3031 ap+30 L <0001
hs-CRP (mg/dL) 1078.9+1407 1‘048‘311 185.0 865.81658.4 1579.2+23779 - 0.027
 Adiponectin (ug/mL) 74+44 85166 66426 6943 024
Leptin (ng/mL) 9‘9i7.4 ‘ 9.1£6.2 11.3%94 124+79 - <0.001
Fertitin (ng/mL) 1458+1011  1765%1340  2712%3070 20831803 - 007
Uric acid (mg/dL) 59+15 5’.’711’.2’ ’ 5.4’i1.9 57*16 ’ - 0.77
CPLT (x10%ul) - 230259 20+49 21967 20264 - <0001
ANA (0/1/2/3/4j 42/17/4/0/0 31/8/4/1/2 15/6/2/0/0 147/76/31/8/12 - 0.015
Chmcal hlstory ; s i -
Diabetes (NG"I;/IGT/DM) 36/1 1/34 24/7/27 12/8/7 103/35/119 - 0.45%
’ Hyperflp,dem,a (+2”j o s : '”3,1‘/:68: : S 31/42 ; : 9/20“; i 120/206 s G OGOI :
Hyhertension (+/—§ ’ 64/35 33/40 19/10 155/172 - 0.013%
Livkerkﬁiiﬂbs)’f‘féaktﬁfe? :k“k - - . S )
H Brunt Qrade (1/2/3)‘ - - ‘19/‘3/2 149/133/44 - <0.001:t
Buntswoe (23 o s e 2740524 - .
Fat droblet (1/2/3/4) 38/32/19/11 14/29/18/7 7/3/1 0/4 51/99/104/52 - <0.001
lron deposition O/1/2/3/4) 307421101 241221 105520200 13256/2029M1 - e
Measurements are shown as mean = standard deviation. Categorical values are shown by the count number. P-values are calculated by Jonckheere-Terpstra test unless
9therwise stated;
*Chochran-Armitage trend test,
*Kruskal-Wallis test. Abbreviations used for each trait are summarized in materials and methods.
doi:10.137 1/journal.pone.0038322.t001

(»<<0.05) were obtained for 11 traits, namely, aspartate transam-
inase (AST), alanine aminotransferase (ALT), type IV collagen
78, hyaluronic acid, hemoglobin Alc (HbAlc), fasting immuno-
reactive insulin (IRI), fasting plasma glucose (FPG), platelet count
(PLT), Brunt grade, fat deposition and iron deposition (Table 3).
When the results were further adjusted for Matteoni type
(statistical calculation 2), AST, hyaluronic acid, HbAlc, FPG,
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Figure 1. Manhattan plot of the GWA study. Association p-values are calculated by exact trend test and plotted along the chromosome in
—logso scale. The horizontal line indicates Bonferroni-adjusted significance threshold (p=1.03x1077).

doi:10.1371/journal.pone.0038322.g001

PLT, Brunt grade and iron deposition showed p-values smaller
than 0.05. The level of serum triglyceride was not significant in
the initial analysis, but became significant after being adjusted for
Matteoni’s type (p=0.013). Among them, only three traits,
namely, hyaluronic acid, HbAlc and iron deposition, remained
significant (p<<0.0021) after Bonferroni’s correction for multiple
testing (Table 3).

Associations of Previously Reported SNPs with NAFLD
Previous genetic studies identified four chromosomal loci,

namely, LYPLALI at 1q41, GCER at 2p23, NCAN at 19p12 and

PPPIR3B at 8p23.1, associated with NAFLD in populations of

European descent [14]. We examined whether or not the
associations were reproduced in the Japanese population by
extracting genotype information of SNP markers corresponding to
these four loci. As shown in Table 4, the association of rs780094 in
GCKR with NAFLD was at the border of significance (p=0.011,
OR=0.82, 95%CI: 0.70-0.91) in the case/control analysis.
However, the association was lost when examined between
rs780094 genotypes and Matteoni types. There were no associ-
ations of rs2228603 in NCAN and rs12137855 in LYPLALI with
either NAFLD or Matteoni types. Rs4240624 in PPPIR3B was not
in the SNP array used for this study, and this marker was not
polymorphic or at a very low frequency in the Japanese (0 in 90
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Table 2. List of the SNP markers in the PNPLA3 locus at chromosome 22q showing genome wide significance.
Genotyping Result and Allele Frequency of A2 Statistics
: ; NAFLD ' _ NAFLD ys. Control ~ ~~ ~ Matteoni
dbSNPID A1/A2  Control Total Type 1 Type 2 Type 3 Type 4 p-valuet OR (95%C1) p-valuet
1738407 TIC  124/447/361  46/200/283  12/51/37  10/28/35  4/14/11  20/107/200  1.0x1077  156(132-183)  34x107°
 (0627) (0.724) (0.625) (0.671) (0621) (0.775) -
15738400 C/G*  247/468/217  88/236/203  20/59/21  21/30/22  8/11/9  39/136151  14x1070  166(143-194)  36x10°°
‘ (0484 (0609 (0.505) (0.507) ©0518)  (0.672) - ‘ “ 4
12076211 OT* 248/473/211 92242195 21/58/21  21/30/22  8/11/10  42/143/142  14x107°  161(138-187)  32x107°
' (0.480)  (0597) (0.500) (0.507) (0.534) (0.653) ' / -
(52696019 T/GY  246/473/213  O1/234/204  20/57/23  22/29/22  TN2/10  42/136/149  15x1070  166(142-193)  26x107°
(0.482) (0.607) (0.515) (0.500) (0.552) (0.664)
51010023 T/C*  249/473/210  O4/239/1%  21/57/22 2229722 771210 447141142 15x107°  161(138-187)  65x10°°
(0.479) (0.596) (0.505) (0.500) (0552) (0.650) k o
926633 G/A* 247474211 932377199 21/5623  22029/22  TN210 431400144 75x107°  1620139-189)  58x107°
 (0481) (0.600) (0.510) (0.500) (0.552) (0.654)
153810622 TC  330/445/157  263/208/58  40/48/12  28/29/16  14/12/3  181/11927  10x1077  064(055-075 00017
(0.407) (0.306) (0.360) (0.418) (0.310) (0.265) - -
Reference (A1) and non-reference (A2) alleles refer to NCBI Reference Sequence Build 36.3 with the effective allele marked by an asterisk. Genotyping results are shown
by genotype count of A1A1/A1A2/A2A2 with allele frequency of A2 in parenthesis.
‘:P-values are calculated by exact trend test with odds ratios (OR) calculated for A2 with 95% confidence interval (Cl).
*P-values are calculated by Jonckheere-Terpstra test in NAFLD patients for Matteoni type and additive model of genotype. SNPs are ordered by chromosomal location.
doi:10.1371/journal.pone.0038322.t002
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Figure 2. A schematic organization of the human PNPLA3 locus at 22q13.31 with the genome scan results. P-values calculated by the
exact trend test were plotted in -logqo scale. Red and blue dots indicate the p-values of genotyped and imputed SNPs, respectively. Local
recombination rate obtained from HAPMAP release 22 is indicated by a red line plotted in cm/Mb scale. The structure and orientation of four genes in
the region are shown below the plots with their transcriptional orientations according to NCBI Reference Sequence Build 36.3. LD blocks were
generated according to pairwise LD estimates of the SNPs located within the region using the genome scan results. The LD block showing the
strongest association is highlighted with the triangle, and the corresponding chromosomal region is represented by the dotted lines.
doi:10.1371/journal.pone.0038322.g002

chromosomes in the Japanese result of the International HapMap 22q13.31 with NAFLD in the Japanese. Rs738409 which showed

Project). the strongest association with NAFLD in the GWA study of
Caucasians was also genotyped and its strongest association with
Discussion NAFLD was confirmed. These results were in agreement with the

o ) former GWA analyses in populations of European descent and in

NASH is a type of hepatic steatosis in NAFLD with poor  Hispanics, giving strong evidence of the involvement of PNPLA3 in
prognosis accompanying liver fibrosis, and subsequent liver  NAFLD beyond ethnicities. Rs738409 is located in exon3 of the
cirrhosis and hepatocellular carcinoma [18]. Despite the extensive PNPLA3 gene which is expressed in the liver and adipose tissue.
biochemical and histological investigation of NAFLD, whether or  Thjs SNP introduces an amino acid substitution from isoleucine to
not NASH forms a distinct disease entity in NAFLD still remains methionine (I148M), and biological studies demonstrated that its
unclear. The principle aim of this study was to identify the genetic risk allele (G) abolishes the triglyceride hydrolysis activity of
factors related to the pathogenic status of NAFLD by collecting  pyPLA3 [19]. These observations strongly suggest rs738409 to be
DNA samples of Japanese NAFLD patients with critically 5 causative genetic variation for NAFLD. However, future

diagnosed disease status by liver biopsy. To our knowledge, this genomic analyses by fine mapping or extensive sequencing may
is the first GWA study of NAFLD using patients with known identify additional genetic determinants within the PNPLAS3 locus.
histology-based Matteoni type. In the initial association study In the current study we did not find other genetic loci showing
using pooled genotyping results of all the cases, we found a genome-wide significance (p<<1.0x10~7). However, two additional
significant  association of the PNPLA3 gene at chromosome chromosomal loci with p-values being smaller than 1x107> were
@ PLoS ONE | www.plosone.org 5 June 2012 | Volume 7 | Issue 6 | 38322
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Figure 3. Histogram of odds ratios for genotype distribution of rs738409 between Matteoni types. Each box denotes the odds ratio (OR)
comparing the corresponding Matteoni types on the horizontal axes. N represents the number of samples. Odds ratios and p-values are calculated for
the higher Matteoni type per risk allele (G) on additive model by multivariable logistic regression adjusted for age, sex and BMI, and are shown with

95% Cl above each box.
doi:10.1371/journal.pone.0038322.g003

identified on chromosome 1p (rs11206226) and chromosome 4p
(rs1390096) neither of which has been reported as being associated
with NAFLD in Caucasians (Table S1). Statistical calculation by
taking their allele frequencies and effect sizes into account showed
that approximately three times as many case and control samples
are required to obtain sufficient statistical power (>0.8) for
genome wide significance. Hence, further confirmation is required
using a larger collection of patients and controls although they
may be potential candidates of low-penetrance genes for
susceptibility to NAFLD in Japanese.

Subsequent analyses through comparison of genotype distribu-
tion among four subgroups of NAFLD (typel to type4) categorized
by Matteoni’s classification revealed that the seven NAFLD-
associated SNPs in the PNPLA3 gene were also significantly
associated with the pathogenic status of NAFLD. There were also
marked differences in genotype distribution of rs738409 between
type4 subgroup and the other three groups (p= 4.8x107°,
OR =1.96, 95%CI: 1.47-2.62 between type4 and pooled geno-
types of typel to type3). Moreover, a case/control analysis of
rs738409 between Matteoni type4 and controls returned a
surprisingly strong association (p= 1.7x107'%) which was much
stronger than the initial analysis using all NAFLD cases
(p=1.4x10""'% whereas the analysis using Matteoni typel to
type3 as cases didn’t show significance (p=0.41). There were
differences in the score of HOMA-IR and hs-CRP, indicators of
insulin resistance and inflammation, respectively, between Mat-
teoni typel to type3 and type4 subgroups (Table 1). Our results
provide compelling evidence that NASH corresponding to
Matteoni type4 is both a clinically and genetically different disease
subset from other spectrums of NAFLD. Previous studies showed
association between PNPLA3 and fatty liver, inflammation, fibrosis
grade and NASH [13]. In our result, strong association between
rs738409 and fatty liver was not observed by comparing control
and Matteoni typel. In addition, strong association between
rs738409 and lobular inflammation was not observed by
comparing Matteoni Typel and Type2. In contrast, a strong
association between rs738409 and NASH was observed. Although

@ PLoS ONE | www.plosone.org

we could not observe the strong association between rs738409 and
fibrosis stage, strong association between rs738409 and Hyaluronic
acid suggests that an association exists between PNPLA3 and
fibrosis.

We have also undertaken association analyses of 15738409 and
clinical traits in the patients. The multivariable regression analysis
adjusted for age, sex, BMI and Matteoni type followed by the
correction for multiple testing revealed hyaluronic acid and
HbA ¢ as being significantly associated with rs738409. Hyaluronic
acid is one of the principle components of the extracellular matrix
and its involvement in fibrosis has been previously suggested [20].
This may indicate another possible functional involvement of
PNPLA3 in the progression of liver fibrosis by influencing the
circulating hyaluronic acid levels. A weak association of rs738409
and HbAlc levels was observed in our study population. However,
there are no reports to date indicating such an association, and
confirmation with different sample sets is needed for definitive
conclusion. Also, the association between rs738409 and iron
deposition was demonstrated by an ordinal logistic regression
analysis. Since the association still remained after the results were
adjusted with Matteoni type, rs738409 may play a functional role
in the oxidative stress through iron absorption in the liver.

Recently, a genetic analysis of Japanese NAFLD patients was
reported demonstrating a significant association in the increase of
AST, ALT, ferritin levels and fibrosis stage (Brunt stage) and in the
decrease of serum triglyceride with the risk allele (G) of rs738409
[12]. In our study, the association of rs738409 with AST
(p=1.2x10"% and ALT (p=0.0016) was reproduced and that
of AST still remained after the results were adjusted for Matteoni
type (p=0.038). No association was observed for ferritin level.
Brunt stage was available for Matteoni type4 patients only in our
study. Although the odds ratio was slightly high (OR=1.28,
95%CI: 0.95-1.72), it was not possible to examine the association.
In addition, the inverse association of the risk allele of rs738409
with decrease of serum triglyceride was confirmed in our study
(p=10.013 after being adjusted for Matteoni type). For all of these
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GWAS Including NAFLD Patients

Biochemical traits Statistical calculation1

Statistical calculation 2

Phenotype . Coef. (SE) p-value Coef. (S.E) p-value
Biological traits
AST (UL) 0.22 (0.056) 1.2x107* 0.11 (0.052) 0038
ALT (IU/L) 0.19 (0.058) 0.0016 0.093 (0.056) 0.098
GeTUUD | —0056 (0061) 037 0,088 (0.062) 016
Albumin (g/dL) * 0.015 (0.051) 0.77 —0.012 (0.052) 0.81
Total bilirubin (mg/dL) 0011 (0.063) 0.86 0.0059.(0.064) 093
Cholinesterase (unit) * 0.062 (0.040) 0.12 0.069 (0.041) 0.092
Type IV collagen 75 (ng/dL) * 019 (0.064) 00025 011 (0062) 0069
Hyaluronic acid (ng/dL) 0.30 (0.065) 4.9x10°° 0.22 (0.063) 46x10°*
Triglycerides (mg/dl) 0,10 (0.058) 0072 ~015 (0.059) 0.013
Totél cholesterol (mg/dL) —0.666 (0.060) 0.27 —0.057 (0.061) 0.34
HbAlC (%) —0.47 (0.053) 0.0012 2018 (0.054) 10,0011
IRl (ug/dL) 0.16 (0.063) 0012 0.086 (0.061) 0.16
FPG (mg/dL) ~0.14 (0.049) 00047 015 (0.05) 00035
HOMA—l‘R 0.084 (0.064) 0.19 0,0692 (0062) ‘ 0.88 ‘
He-CRP (mg/dL)  —0013 (0.048) 0.79 | -0031(0049) 052
Adiponectin (ug/mt) 0.048 (0.066) 047 0.12 (0.066) 0.072
Leptin (hg/ml) 01100068  on 0100069 015
Ferritin (ng/mL) 0.031 (0.047) 051 —0.0042 (0.048) 093
Uric acid (mg/dL) ~0.097 (0.061). o1 011 (0062) 0067
PLT (X]Oa/],LL) ‘ —0.056 (0.020) 0.0052 —0.045 (0.020) 0.028
immunological/histological traits o s . . .
ANA (0/1/2/3/4) 0.92 (0.70-121) 056 0.86 (0.65-1.15) 031
 Brunt grade (1/2/3) 142 (106-192) Lgen - amsGoziEn | ook
‘ Brunt stage (1/2/3/4) 1.28 (0.95-1.72) 0.1 ‘ ‘
Fat deposition (1/2/3/4) 144 (115-181) 00019 1240098156 076
Iron deposition (0/1/2/3/4) 0.61 (0.47-0.80) 3.0x107* 0.62 (0.47-0.81) 5.6x107*

testing (p=0.0021) was shown in bold.

doi:10.1371/journal.pone.0038322.t003

biomarkers, however, the significance was lost after the correction
for multiple testing.

A replication analysis of other genetic loci that had been
reported for their association with NAFLD in East coast white
Americans [14] was performed in our sample collection. We
confirmed the association of rs780094 in GCAR with NAFLD in a
case/control analysis but at a much weaker level (p=0.011,
OR =0.82, 95%CI: 0.70-0.95) than that shown for the popula-
tions of European-descent. No associations were found for
LYPLALI and NCAN loci in our study. There are several reasons
to explain such differences, such as the insufficient statistical power
with a limited number of study subjects in our study due to the
difficulty in the collection of a larger number of histologically
diagnosed NAFLD patients. The difference in genetic background
between the Japanese and Europeans is also conceivable. Indeed,
the risk allele frequency of rs12137855 in LYPLALI was 0.944 in
our control subjects but approximately 0.79 in the European
populations [14]. Similarly, there was a difference in the risk allele

@ PLoS ONE | www.plosone.org
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Associations between distribution of rs738409 genotypes and clinical traits are calculated by multivariable regression. Statistical calculation1 is adjusted for age, sex and
BMI, while the Matteoni types are additionally included as covariate in statistical calculation 2. Statistics are calculated by multivariable linear regression for biochemical
traits and by multivariable ordinal logistic regression for immunological and histological traits.

Coefficients and odds ratios are calculated for the increase of each trait per risk allele (G). The p-values showing significance after Bonferroni's correction for multiple

*Reciprocal numbers are used for normalization and a negative coefficient implicates an increase in value according to the increase of the risk allele.

frequency of rs2228603 in NCAN (0.049 in Japanese and 0.08 in
Europeans). Rs4240624 in PPPIR3B was not polymorphic in the
Japanese while its risk allele frequency was 0.91 in Europeans.

Materials and Methods

Ethics Statement

In compliance with the Declaration of Helsinki, ethical approval
for this study was given by the respective Institutional Review
Board and subject written informed consent were obtained for all
subjects (Ethical committee of Nara City Hospital; Ethical
committee of Saiseikai Suita Hospital; Medical Ethics Committee
of Kanazawa University; Ethics committee of Kyoto Prefectural
University of Medicine; Ethical Committee of Aichi Cancer
Center; Ethical Committee of Kochi Medical School, Kochi
University; Ethics Committee of Tokyo Women’s Medical
University; Ethical Committee on Kawasaki Medical School and
Kawasaki Medical School Hospital; Ethical Committee of
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Juntendo University; Ethics Committee of Yamagata University
School of Medicine; Ethical Committee of the Ikeda Municipal
Hospital; Institutional Review Board and Ethics Committee of
Kyoto University School of Medicine).

Study Population

A total of 543 patients histologically diagnosed for NAFLD in
2007-2009 were recruited through the Japan study of Nonalco-
holic Fatty Liver Disease. Biopsy specimens were stained with
H&E and Masson’s trichrome for morphological review and
assessment of fibrosis. Perl’s Prussian blue was performed to
evaluate iron load. Biopsy specimens were reviewed by a
hepatopathologist (T.O). NAFLD patients were classified into
four categories by liver histology according to the classification by
Matteoni et al [2] as follows; typel: fatty liver alone, type2: fat
accumulation and lobular inflammation, type3: fat accumulation
and ballooning degeneration, type4: fat accurnulation, ballooning
degeneration, and either Mallory-Denk body or fibrosis. With
these criteria, the 543 patients were classified as typel; 102, type2;
75, type3; 31 and type4; 335. The histological grade and fibrosis
stage were also evaluated by the classification of Brunt ¢f a/ [21] for
advanced NAFLD cases (type3 and type4) as follows; grade 1:
steatosis involving up to 66% of biopsy, occasional ballooned zone
3 hepatocytes and absence or mild portal chronic inflammation,
grade2: steatosis, ballooning hepatocytes mild to moderate chronic
inflammation, grade3: panacinar steatosis, ballooning and disarray
obvious and mild or portal mild to moderate inflammation, stagel:
perivenular and/or perisinusoidal fibrosis in zone3, stage2:
combined pericellular portal fibrosis, stage3: septal/bridging
fibrosis, stage4: cirrhosis. The degree of fat deposition was
evaluated by amount of fat droplets as observed under the
microscope as follows; 0: <5%, 1: 5-<10%, 2: 10-<34%, 3: 34—
<67%, 4: >67%. The degree of iron deposition was categorized
by the presence of granules of free iron observed under the
microscope as follows; 0: absence by x400, 1: easily identifiable by
x400 and rarely identifiable by x250, 2: identifiable by x100, 3:
identifiable by x25, 4: identifiable at lower than x25.

Inclusion criteria for NAFLD patients were as follows; (i) no
history of alcoholism, (i) no history for HBV/HCV/HIV
infection, (iii) diagnosed by liver biopsy, (iv) information regarding
age and BMI available. The sex of two samples was unknown, and
was imputed from the results of the genome scan. As general
Japanese population controls, the genome scan results of 942
healthy Japanese volunteers from Aichi Cancer Center Hospital
and Research Institute were used [22].

Anthropometric and Laboratory Evaluation

We employed conventional methods for the measurement of
anthropometry (height, weight, amount of visceral fat and
abdominal circumscript). BMI was calculated from the measure-
ments. The following biochemical/hematological/immunological
traits were also measured by conventional methods; aspartate
aminotransferase (AST), alanine aminotransferase (ALT), v-
glutamyl transpeptidase (GGT), albumin, total bilirubin, cholin-
esterase, type IV collagen 7S, hyaluronic acid, triglyceride, total
cholesterol, hemoglobin Alc (HbAlc), fasting immunoreactive
insulin (IRI), fasting plasma glucose (FBS), high sensitive CRP (hs-
CRP), adiponectin, leptin, ferritin, uric acid, and platelet (PLT)
count. Anti nuclear antibody (ANA) was measured by ELISA and
categorized by the detection limit in a serial dilution as follows; 0:
<40x, 1: 40-80x, 2: 81-160%, 3: 160x, 4: >320x. Homeostasis
model assessment-insulin resistance (HOMA-IR) was calculated
from the measurements. Patients were assigned a diagnosis of
diabetes mellitus (DM) when they had documented use of oral
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hypoglycemic medication, a random glucose level >200 mg/dl, or
FPG >126 mg/dl. Hyperlipidemia was diagnosed with the
cholesterol level being >200 mg/dl and/or triglyceride level
being >160 mg/dl. Hypertension was diagnosed when the patient
was taking antihypertensive medication and/or had a resting
recumbent blood pressure >140/90 mmHg on at least two
occasions.

DNA Preparation

Genomic DNA was extracted from peripheral blood mononu-
clear cells by standard phenol-chloroform extraction and resus-
pended in TE buffer. DNA concentration and purity were
measured with Nanodrop 1000 spectrophotometer (Thermo
Scientific, Waltham, MA, USA). The samples were stored at
—20°C until use.

Genome-wide Genotyping and Quality Control

Genome scan was conducted for 543 patients with NAFLD and
942 healthy subjects using Illumina Human 610-Quad Bead Chip
on a Bead Station 500G Genotyping System (Illumina, Inc., San
Diego, CA, USA) and subjected to the following quality controls.
Initially, ten patients and six control subjects were removed due to
low call rates (<0.99). Regarding the SNP markers, 85,472 SNPs
with minor allele frequency of smaller than 0.01 in either case or
control group, 6,479 SNPs with lower success rates (<0.98) and 35
SNPs with distorted Hardy-Weinberg equilibrium (p<<10~7) were
removed, resulting in 484,751 SNP markers being used for
analysis. Principal component analysis by EIGENSOFT [17]
including phase II HapMap (http://hapmap.ncbi.nlm.nih.gov/)
samples identified no samples that were deviated from the
Japanese population. Subsequently, the degree of kinship between
individuals was examined by pi-hat in PLINK 1.07 (http://pngu.
mgh.harvard.edu/purcell/plink/) [23]. Of the eight pairs of
samples (four case pairs and four control pairs) showing high
degrees of kinship (PI-HAT>0.4), the sample with the lower call
rate in each pair was removed. After these steps, 529 case and 932
controls were used for the analysis.

Statistical Analysis

A case/control association analysis was performed by exact
trend test between NAFLD patients and control subjects [24]. The
correction of obtained p-values for population stratification was
performed using EIGENSTRAT [17]. In addition, an association
between Matteoni classification (typel to type4) and additive
model of genotype for each SNP was examined using Jonckheere-
Terpstra test for NAFLD patients. Assessment of population
stratification of inflation of p-value was carried out by the genomic
control method for asymptotic trend test [25]. Association between
each quantitative trait and the genotype of significant SNPs in
NAFLD patients were calculated by multivariable linear regression
or multivariable ordinal regression adjusted for age, sex and BMI.
Each quantitative trait was transformed as follows; natural log for
ALT, AST, HOMA-IR, HbAlc, IRI, triglyceride, total bilirubin,
adiponectin, hs-CRP, hyaluronic acid, leptin, reciprocal number
for albumin, cholinesterase, type IV collagen 7S and square root
for uric acid and ferritin. The values of FPG, PLT, total
cholesterol, amount of visceral fat, and abdominal circumscript
were not transformed. For each trait, values that were within only
4 S.D. were included for analysis. LD indices were calculated by
default setting of Haploview [26] and the LD block was defined
manually.
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Table 4. Replication study of previously reported SNPs.

GWAS Including NAFLD Patients

Genotyping Result and Allele Frequency of A2 Statistics
;  NAFLD NAFLD vs. Control  Matteoni
dbSNPID A1/A2 Gene Control Type 1 Type 2 Type 3 Type 4 p-valuet OR (95%Cl)  p-value}
112137855 YT LYPLALT 8281022 90/10/0  67/6/0 24/500  294/330 055 089 098
(0.056) {0.050) (0.041) (0.086) (0.050) ’ (0.64-1.25)
5780094 TYC  GCKR 321433178 345412 28/34/11 17111 133/139/55 0011 082 092
(0.423) (0.390) (0383) (0224 (0.381) (070-095)
154240624 G/A  PPPIRIB - - .. i -
152228603 cr* NCAN 842/88/2 93/7/0  65/8/0 28/1/0 202/31/4 080 105 058
‘ ‘ (0.049) 03 (o) 017) (0059 (0751489

doi:10.1371/journal.pone.0038322.t004

Supporting Information

Figure S1 QQ plot of the GWA study comparing
distribution of the observed and expected p-values.
Upper box is expressed in antilog scale and the lower box is
expressed in —logjo scale. The X- and Y-axis correspond to
expected and observed p-values. Blue and red dots denote before
and after correction by genomic control method (A=1.04),
respectively.

DOC)

Table S1 List of the SNPs showing p<1.0x10° in the
GWA study. Reference (Al) and non-reference (A2) alleles refer
to NCBI Reference Sequence Build 36.3 with the effective allele
marked by an asterisk. Genotyping results are shown by genotype
count of AIA1/AIA2/A2A2 with allele frequency of A2 in
parenthesis. TP-values are calculated by exact trend test with odds
ratios (OR) calculated for A2 with 95% confidence interval (CI).
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