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used plasma stored at =807, and there is no guaran-
tee that we would have obtained the same results if we
had used fresh serum; however, our results are consis-
tent with those reported by Hirano et al, who mea-
sured sd-LDL-C in a Japanese general population with
the same method, and comparison studies performed
in Japan indicate virtually identical results with the
use of fresh vs. frozen plasma for sd-LDL-C™. Sec-
ond, the single measurement of sd-LDL-C at the base-
line survey and the fact we did not evaluate the longi-
tudinal trend for each risk factor including lipid-low-
ering agents may have caused us to underestimate the
relationship between these condidons and CAD due
to regression dilution bias, although we stadstically
adjusted for the use of lipid-lowering agents at the
baseline survey. Third, serum LDL-C was measured
by the direct homogeneous assay, which failed to meet
the National Cholesterol Education Program total
error goals for diseased individuals, although it met
these goals in non-diseased individuals®”. However,
the present study is a cohort study of community-
dwelling citizens without a history of CVD. Further-
more, the serum levels of LDL-C determined by direct
homogeneous assay are almost consistent with those
calculated by the Friedewald formula in a large Japa-

nese cohort.

Conclusions

In this large urban cohort study conducted in
Japan, we demonstrated that sd-LDL-C is significantly
associated with the development of CVD, providing
evidence of sd-LDL-C as an important biomarker to
predict CVD. A large intervention study is required to
determine the appropriate target level of sd-LDL-C.
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Alcohol consumption and cardiovascular disease
incidence in men with and without hypertension:

the Suita study

This article has been corrected since Advance Online Publication, and a corrigendum is also printed in this issue.

Aya Higashiyama!, Tomonori Okamura?, Makoto Watanabe®, Yoshihiro Kokubo?, Ichiro Wakabayashi!,

Akira Okayama* and Yoshihiro Miyamoto®

The relationship between alcohol consumption and the risk for cardiovascular disease (CVD) is U-shaped, whereas alcohol
drinking is linearly associated with blood pressure, and the CVD risk also increases linearly according to blood pressure level.
Accordingly, we investigated the net effect of alcohol consumption and hypertension on CVD and its subtypes in this study.
A 13-year prospective study of 2336 Japanese men who were free from CVD was performed; ex-drinkers were excluded. The
participants were divided into eight groups classified by the combination of the presence of hypertension (systolic/diastolic
blood pressure >140/90 mm Hg) and alcohol consumption (never-, current- (light, moderate and heavy) drinkers). Multivariate-
adjusted hazard ratios (HRs) for the incidence of CVD, coronary artery disease (CAD) and stroke due to the combination of
hypertension and alcohol consumption were calculated and compared with non-hypertensive never-drinkers. The HRs for CVD
and its subtypes were higher in hypertensives than those in non-hypertensives; in hypertensives without medication for
hypertension, the relationship between alcohol consumption and the risks for CVD and CAD was U-shaped, with the highest
and most significant increase in never-drinkers. The risk for total stroke was the highest in heavy-drinkers, which was
significant. In non-hypertensives, there was no evident increase or decrease in the HRs for CVD and its subtypes in drinkers.
Accordingly, controlling blood pressure is important to prevent CVD. In hypertensives, heavy drinking should be avoided to
prevent CVD, although light-to-moderate drinking could be protective for CAD. Furthermore, in non-hypertensives, drinkers

may need to continuously monitor their blood pressure.

Hypertension Research (2013) 36, 58-64; doi:10.1038/hr.2012.133; published online 30 August 2012

Keywords: epidemiological study; hazard ratio; prospective study

INTRODUCTION
The relationship between alcohol consumption and the risk for
cardiovascular disease (CVD) has been reported to be U-shaped in
previous studies.>> However, drinking alcohol is also well known to
be positively associated with the development of hypertension.?
Alcohol consumption is linearly related to increased blood
pressure,*® and the CVD risk also linearly increases according to
the blood pressure level.® Thus, several previous studies have
investigated the relationships among alcohol consumption,
hypertension and CVD risk in hypertensive patients/™ but few
studies were performed in the general population including both
hypertensives and non-hypertensives.

Japanese men have been reported to drink more alcohol,!’ have a
higher prevalence of hypertension,''? and have a higher prevalence
of stroke!> than Westerners. Therefore, an investigation of the net

effect of hypertension and alcohol consumption on the risk for CVD
and its subtypes is important in Asian populations, including the
Japanese.

To investigate the relationships among alcohol consumption,
hypertension and the risk for CVD) and its subtypes, a 13-year cohort
study of an urban Japanese male population was conducted.

METHODS

Study participants

The Suita study,'*!> a cohort study of CVD, was established in 1989. In this
study, 6485 participants who were randomly selected from the municipal
population registry participated in a baseline survey at the National Cardio-
vascular Center (NCVC, currently, National Cerebral Cardiovascular Center)
between September 1989 and February 1994. The present study excluded 821
participants who had a past history of CVI) at the baseline survey or who were
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lost to follow-up, as well as 3093 female participants because the alcohol
consumption of women was much less than that of men (prevalence of
drinking alcohol >23¢g ethanol per day in women: 6.3%). In addition,

missing information at the baseline survey (= 58) and being an ex-drinker
(11==94). The data for the remaining 2336 men aged 30-79 years were then
analyzed. Informed consent was obtained from all participants. This study was
approved by the Institutional Review Board of the NCVC.

Baseline examination

Well-trained nurses obtained information on smoking, alcohol consumption
and the medical histories of the participants. The assessment of alcohol consump-
tion was previously reported.'® Briefly, current drinkers were asked about the
frequency of alcohol consumption during a typical week and the total alcohol
intake on each occasion, and the alcohol intake per week was calculated. This
value was then divided by seven to obtain the average alcohol intake per day.
The usual daily intake of alcohol was assessed in units of ‘gou’ (a traditional

Japanese unit of measurement, corresponding to 23g of ethanol) and then
converted to grams of cthanol per day. In the present study, half a gou was
defined as one drink (11.5g of ethanol), a value nearly equal to a ‘standard drink’
in other countries.!” According to the guidelines for lifestyle changes in Japan
(Health Japan 21), the recommended amount of alcohol consumption for men
was not more than two drinks per day.'® Thus, the participants were classified
as never-drinkers, light-drinkers (2.0 drinks per day), moderate-drinkers
(>2.0 and <4.0 drinks per day) and heavy-drinkers (>4.0 drinks per day).

Well-trained physicians measured the participants’ blood pressure in the
right arm three times with the participant in a seated position after 5 min rest
using a standard mercury sphygmomanometer. The average of the second and
third measurements was used in the analyses. Height in socks and weight in
light clothing were measured. The body mass index was calculated as weight
(kg) divided by the square of height (m?). Blood samples were collected at the
NCVC after the participants had fasted for at least 8h. The samples were
centrifuged immediately, and a routine blood examination that included serum
total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglyceride
and glucose levels was then conducted.

Follow-up and endpoint determination

The follow-up method has been described elsewhere.!'> Briefly, the endpoints
of the present study were as follows: (1) the date of the first stroke or coronary
artery disease (CAD) event; (2) the date of death; (3) the date of leaving Suita
city; and (4) 31 December 2007. The survey for the stroke and CAD events
involved checking the health status of the participants by repeated clinical visits
to the NCVC or interview by mail or telephone, followed by checking the
in-hospital medical records of the participants who were suspected of having
had a stroke or CAD. The criteria for stroke were defined according to the
US National Survey of Stroke criteria.!’? For each stroke subtype (cerebral
infarction (thrombotic or embolic), intracerebral hemorrhage and subarachnoid
hemorrhage), a definitive diagnosis was established based on computed tomo-
graphy, magnetic resonance imaging or autopsy. In the present study, cerebral
infarction was defined as an ischemic stroke, and intracerebral hemorrhage and
subarachnoid hemorrhage were defined as hemorrhagic strokes. The criteria
for myocardial infarction were defined according to the criteria of the Monitor-
ing Trends and Determinants of Cardiovascular Disease (MONICA) project,”
which requires evidence from an electrocardiogram, cardiac enzymes and/or
autopsy. In addition to acute myocardial infarction, the criteria for a diag-
nosis of CAD included sudden cardiac death within 24 h after the onset of
acute symptoms or CAD followed by coronary artery bypass or angioplasty.
Furthermore, to complete the surveillance for fatal strokes and myocardial
infarctions, a systematic search for death certificates was conducted.

Statistical analyses

Hypertension was defined as an average systolic/diastolic blood pressure
>140/90 mm Hg?"  Dyslipidemia was defined as total cholesterol
25.69mmoll " (220mgdl~") and/or HDL-C < 1.03mmoll™! (40mgdl™)
and/or triglyceride > 1.69 mmoll~" {150 mgdl™)?? and/or current use of
oral medication for dyslipidemia. Diabetes was defined as a fasting blood
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glucose 227.06 mmoll™* (126 mgd! ~")* and/or current use of insulin or oral
medication for diabetes.

To show the bascline risk characteristics of the six groups classified by
alcohol drinking status (never, light, moderate and heavy) and the presence of
hypertension (absent and present), the mean or median was calculated for
continuous variables, and the percentage was calculated for dichotomous
variables.

The Cox proportional hazards model was used to estimate the age- and
multivariate-adjusted hazard ratios (HRs) and 95% confidence intervals of
alcohol consumption in those with and without hypertension for the incidence
of CVD, CAD, stroke and stroke subtypes after adjustment for age, body mass
index, the presence of dyslipidemia and diabetes (absent or present) and
smoking status (current or non-current). When the HRs were calculated,
never-drinkers without hypertension were defined as the ‘reference’ group. The
estimation of the HRs was also performed after excluding the participants with
medication for hypertension at the baseline survey.

All statistical analyses were performed using SPSS (Statistical Package for the
Social Sciences) statistical software version 15.0 ] (SPSS, Tokyo, Japan), and
P<0.05 (two-tailed) was considered significant.

RESULTS

The mean age of the participants was 55+ 13 years., Table 1
summarizes the baseline characteristics of the participants divided
into eight groups classified by the combination of the presence of
hypertension and alcohol consumption. The participants with hyper-
tension were older than those without hypertension, and current
drinkers were younger than never-drinkers. The percentage of current
smoking was the highest among heavy-drinkers both in those with
and without hypertension. In those with hypertension, the triglyceride
median increased according to alcohol consumption.

The mean follow-up period was 13 years, and 109 CAD, 78
ischemic stroke and 29 hemorrhagic stroke events occurred. Table 2
shows the age- and multivariate-adjusted HRs (95% confidence
intervals) for CVD and its subtypes of the cight groups classified by
the combination of alcohol consumption and the presence of
hypertension compared with never-drinkers without hypertension
in all participants. In non-hypertensives, the HRs for CVD and CAD
in current drinkers were consistently lower than that in the reference
group. Additionally, the HRs for total and ischemic stroke were
similar or slightly higher in the light-drinkers and lower in the
moderate- and heavy-drinkers than those in the reference group.
However, there was no evident increase or decrease in the HRs for
CVD and its subtypes. Among hypertensives, the HRs for CVD and
CAD were consistently higher than those in the reference group, and
the relationship between alcohol consumption and the risks for CVD
and CAD was U-shaped, with the highest and most significant
increase in never-drinkers. The HRs for total and ischemic stroke were
also consistently higher than those in the reference group, with the
highest and most significant increase in heavy-drinkers for total stroke
and in light-drinkers for ischemic stroke. For hemorrhagic stroke, the
risk associated with alcohol consumption could not be assessed because
of the small number of these events (data not shown in the table).

Table 3 shows the age- and multivariate-adjusted HRs (95%
confidence intervals) for CVD and its subtypes of the eight groups
in the participants without medication for hypertension at the
baseline survey. For CVD and CAD, the results were similar to those
in Table 2. For total and ischemic stroke, the results in non-
hypertensives were also similar to those in Table 2; in hypertensives,
the HRs were consistently increased in all groups compared with
those in the reference group, and an increase in the HR for both total
and ischemic stroke was statistically significant and the highest in
heavy-drinkers.
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Table 1 Baseline characteristics of the participants; the Suita study: 1989-2007

Hypertension (~)

Hypertension (+)

Current drinkers

Current drinkers

Never- Light (£2.0  Moderate (>2.0 and  Heavy (<4.0 Never- Light (2.0  Moderate (> 2.0 and  Heavy (<.4.0
drinkers  drinks per day) <4.0 drinks per day) drinks per day)  drinkers  drinks per day) <4.0 drinks per day)  drinks per day)
Number of 380 684 348 214 141 276 178 115
participants
Age (years) 56+ 14 54+13 52+12 47+11 65+ 10 61+12 59%11 56+ 10
Body mass index 22.3%£3.0 22.5%2.7 226+2.7 23.0+2.6 23.7+3.6 23.2+3.0 23.4+2.6 23.9+3.0
(kgm—9)
Systolic blood 11613 118+12 11912 11811 153+ 15 152+16 150+ 16 154+19
pressure (mm Hg)
Diastolic blood 729 74+9 76+8 758 88+ 10 92+10 91+10 93+10
pressure (mm Hg)
Total cholesterol 5.20+0.88 5.17+£0.85 5.12+0.85 5.09+0.85 5.38%£1.03 5.33+0.88 5.30+0.85 5.25+0.98
(mmol 1)
HDL-cholesterol 1.16£0.31 1.27+0.31 1.34+0.36 1.34+0.36 1.14+0.28 1.27x0.31 1.40+0.36 1.34+£0.39
(mmol 1~1)
Triglycerides 1.30 1.24 1.24 1.37 1.29 1.34 1.39 1.56
{mmol | ~1)
Dyslipidemia (% 59.5 52.3 47.1 54.2 69.5 60.1 63.5 61.7
Diabetes (%) 2.4 4.1 5.5 5.1 9.9 6.9 7.3 13.9
Current smoking (%) 53.2 47.4 62.1 65.0 34.8 33.0 52.2 61.7

Abbreviation: HDL, high-density lipoprotein.
Values are mean * s.d. unless specified otherwise. Values of triglycerides are median.
Hypertension: average systolic/diastolic blood pressures of =140/90 mm Hg.

Diabetes: fasting blood glucose of 7 mmol| ! and/or current use of insulin or oral medication for diabetes.
Dyslipidemia: fasting serum total cholesterol of >5.69mmol1~! and/or HDL-C <« 1.03mmol 1! and/or TG 32 1.69mmol i ! and/or current use of oral medication for dyslipidemia.

When we additionally adjusted for pulse pressure in the estimation
of the HRs presented in Tables 2 and 3, the results were equivalent,
although the HRs for CAD in hypertensives were slightly attenuated
(data not shown).

DISCUSSION

In the present study, the multivariate-adjusted HRs for CVD and its
subtypes were consistently higher in the hypertensive participants
compared with the non-hypertensive never-drinkers, irrespective of
alcohol consumption. In hypertensives without medication for
hypertension, the relationship between alcohol consumption and
the risks for CVD and CAD was U-shaped, with the highest and most
significant increase in never-drinkers. The risk for total and ischemic
stroke was the highest in heavy-drinkers, which was significant. In
non-hypertensives, there was no evident increase or decrease in the
HRs for CVD and its subtypes in drinkers.

One of the strengths of this study was that we compared the risk
for CVD and its subtypes due to alcohol consumption among those
with and without hypertension. Another strength was that we also
estimated the HRs only among the individuals without medication
for hypertension at the baseline survey, although the number of events
was small. Furthermore, this study is the first to show the relation-
ships among alcohol consumption, hypertension diagnosed by the
current definition and the risk for CAD in an Asian population.
Although Kiyohara et al?* investigated the net effect of alcohol
consumption on ischemic and hemorrhagic stroke stratified by the
presence of hypertension in a Japanese population (Hisayama study),
they did not investigate the risk for CAD, and their diagnosis of
hypertension was defined as 160/95 mm Hg.

For CAD, the results in the present study were similar to those
in previous studies involving hypertensive Western populations.
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In the previous studies, light-to-moderate alcohol consumption in
hypertensives was associated with a reduced risk for CVD mortality or
a reduced incidence of myocardial infarction.”® A possible mechanism
of reduced risk for CAD in hypertensive drinkers in the present
study might be as follows: although they were under high risk for
hypertension because of lineally increasing blood pressure due to
alcohol drinking*® and high risk for CAD due to hypertension,®
there might be cardio-protective effects, such as decreased platelet
aggregation® and increased fibrinolytic activity.® An increase in the
serum level of HDL-C may be another cardio-protective effect of
alcohol?” Such cardio-protective effects of alcohol drinking and
the relatively higher incidence of CAD compared with that in the
previous study in Japan®® might explain the clear U-shaped relation-
ship between alcohol consumption and the risk for CVD among
hypertensives in the present study.

With respect to stroke, Kiyohara et al.?* investigated the combined
effects of alcohol drinking and hypertension on stroke in a
prospective  study of the general Japanese population. The
participants were classified as non-drinkers, light-drinkers (<34¢
of ethanol per day) and heavy-drinkers (>34g of ethanol per day)
and were followed up for 26 years. Among the hypertensive subjects
(>160/95 mm Hg), the risk for cerebral hemorrhage was significantly
increased in heavy-drinkers compared with non-drinkers; the
relationship between alcohol consumption and the risk for cerebral
infarction was U-shaped, with a significant increase in heavy-drinkers
compared with light-drinkers. However, an increase in the risk for
hemorrhagic and cerebral stroke was not shown in any drinkers
among the non-hypertensives (< 160/95mm Hg). It was observed
both in the previous and present studies that the highest risk for
stroke was in hypertensive heavy-drinkers, although there was no
U-shaped pattern for cerebral infarction herein.
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Table 2 Risk for CVD and its subtypes according to the presence of hypertension and aicohol drinking in all participants; the Suita study: 1989-2007

Hypertension (—)

Hypertension { =}

Current drinkers

Current drinkers

Never- Light (2.0 drinks ~ Moderate (> 2.0 and <4.0 drinks ~ Heavy (> 4.0 drinks Never-drinkers Light (£ 2.0 drinks  Moderate (> 2.0 and £ 4.0 drinks ~ Heavy (> 4.0 drinks
drinkers per day) per day) per day) per day) per day) per day)

Number of participants 380 684 348 214 141 276 178 115

Person-years 4869 8698 4564 2916 1496 3244 2140 1361

VD
Number of cases 34 42 17 9 35 46 23 18
Age-adjusted HR (95% CI) 1.00 0.77 (0.49-1.21) 0.76 (0.42-1.36) 0.82 (0.39-1.73)  2.13(1.32-3.42) 1.55(0.99-2.41) 1.28 (0.76-2.18) 1.90 (1.05-3.44)
Multivariate-adjusted HR 1.00 0.80 (0.51-1.26) 0.74 (0.41-1.33) 0.79 (0.37-1.66) 2.14 (1.32-3.47; 1.62 (1.03-2.54) 1.23{0.72-2.10} 1.68 (0.92-3.09)
(95% C1)?

CAD
Number of cases 19 17 8 6 24 20 9 <]
Age-adjusted HR (95% CI) 1.00 0.55 {0.29-1.06) 0.61 (0.27-1.41) 0.92 (0.36-2.34)  2.72(1.48-5.01) 1.23 (0.65-2.30) 0.90 (0.41-1.99) 1.25 (0.50-3.14)
Multivariate-adjusted HR 1.00 0.58 (0.30-1.11) 0.63 (0.27-1.44) 0.91 (0.36-2.32)  2.72(1.46-5.08) 1.28 (0.68-2.43) 0.88 (0.40-1.96} 1.18(0.47-2.99)
(95% CI)2

All stroke
Number of cases 15 25 9 3 11 26 14 10
Age-adjusted HR (95% Cl) 1.00 1.05 (0.55-2.00) 0.95(0.41-2.18) 0.67 (0.19-2.32)  1.46(0.67-3.18) 1.94 (1.03-3.67) 1.77 (0.85-3.66) 2.73{1.23-6.10)
Multivariate-adjusted HR 1.00 1.08 (0.57-2.06) 0.88 (0.38-2.02) 0.61 (0.18-2.15)  1.47 (0.66-3.24) 2.03 (1.07-3.88) 1.67 (0.80-3.49) 2.28 (1.01-5.18)
(95% CI)?

Ischemic stroke
Number of cases 9 18 6 2 8 21 7 7
Age-adjusted HR (95% CI) 1.00 1.27 (0.57-2.83) 1.05 (0.37-2.98) 0.72{0.15-3.38)  1.76(0.68-4.59) 2.61(1.19-5.71) 1.49 (0.56-4.01) 3.18(1.18-8.55)
Multivariate-adjusted HR 1.00 1.33 (0.59-2.97) 0.96 (0.34-2.75) 0.63(0.13-2.98) 1.66(0.63-4.38) 2.69(1.21-5.95) 1.33(0.49-3.61) 2.43 (0.88-6.68)

(95% Ch@

Abbreviations: CAD, coronary artery disease; Cl, confidence interval; CVYD, cardiovascular disease; HR, hazard ratio.
Hypertension: average systotic/diastolic blood pressures of = 140/90mm Hg.

Dystipidemia: fasting serum total cholesterol of 5.69 mmoli~1 and/or high-density lipoprotein cholesterol <1.03 mmol!~! and/or triglyceride 31.69 mmoli~! and/or current use of oral medication for dyslipidemia.
Multivariate-adjusted HR was calculated after adjustment for age, body mass index, presence of dystipidemia and diabetes, and smoking status {current or non-current).
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Table 3 Risk for CVD and its subtypes according to the presence of hypertension and alcohol drinking in men without medication for hypertension at baseline; the Suita study:

1589-2007

Hypertension ()}

Hypertension (+)

Current drinkers

Current drinkers

Never- Light (< 2.0 drinks  Moderate (> 2.0 and < 4.0 drinks  Heavy (> 4.0 drinks Never-drinkers Light (< 2.0 drinks  Moderate (> 2.0 and < 4.0 drinks ~ Heavy (> 4.0 drinks
drinkers per day) per day) per day) per day) per day) per day)

Number of participants 368 663 335 207 99 193 133 90

Person-years 4767 8449 4431 2834 1110 2341 1641 1077

cvD
Number of cases 28 38 15 8 23 28 14 11
Age-adjusted HR (95% Cl) 1.00 0.85 (0.52-1.39) 0.82 (0.44-1.54) 0.90 (0.41-2.00) 2.24(1.28-3.90) 1.59(0.94-2.69) 1.37 (0.72-2.60} 2.14 ({1.06-4.31)
Multivariate-adjusted HR 1.00 0.88 (0.54-1.44) 0.80 (0.42-1.51) 0.86 (0.39-1.92) 2.10(1.19-3.71) 1.62 (0.96-2.76) 1.26 (0.66-2.42) 2.05(1.01-4.15)
(95% Cl)2

CAD
Number of cases 17 16 7 5 15 14 6 4
Age-adjusted HR (95% CI) 1.00 0.59 (0.30-1.17) 0.62 (0.25-1.50) 0.89 (0.33-2.46) 2.48(1.23-5.00) 1.32(0.65-2.69) 0.96 (0.38-2.43) 1.27 (0.43-3.80)
Multivariate—adjusted HR 1.00 0.63 {0.32-1.25) 0.66 (0.27-1.61) 0.89 (0.32-2.45) 2.33(1.13-4.77) 1.39 (0.68-2.85) 0.89 (0.35-2.28) 1.25 (0.42-3.74)
(95% Ch2

All stroke
Number of cases 11 22 8 3 8 14 8 7
Age-adjusted HR (95% Cl) 1.00 1.27 (0.61-2.61) 1.14 (0.45-2.85) 0.90 (0.25-3.27) 1.92(0.77-4.79) 2.01(0.91-4.43) 2.10 (0.81-5.00) 3.49 (1.35-9.06)
Multivariate-adjusted HR 1.00 1.25 (0.60-2.58) 1.02 (0.40-2.56) 0.83 (0.23-3.02) 1.79(0.70-4.56) 1.98 (0.89-4.41) 1.86 (0.74-4.70) 3.25 (1.24-8.51)
(95% Ch)?

Ischemic stroke
Number of cases 6 15 5 2 5 10 5 5
Age-adjusted HR (95% Cl) 1.00 1.58 (0.61~4.07) 1.26 (0.38-4.17) 1.02 (0.20-5.14)  2.26 (0.69-7.46) 2.68 (0.97-7.38) 2.33(0.71-7.62) 4.45 (1.35-14.66)
Multivariate-adjusted HR 1.00 1.57 (0.60-4.06) 1.09 {0.33-3.64) 0.88 (0.17-4.48) 1.93(0.57-6.53) 2.59(0.93-7.23) 2.02 (0.61-6.71) 3.78 (1.13-12.61)

(95% Ch?

Abbreviations: CAD, coronary artery disease; Cl, confidence interval; CYD, cardiovascular disease; HR, hazard ratio.
Hypertension: average systotic/diastolic blood pressures of 2 140/90 mm Hg.

Dyslipidemia: fasting serum total cholesterol of =5.69mmol! ! and/or high-density lipoprotein cholesterol < 1.03 mmol!~ ! and/or triglyceride > 1.69mmol| -1 and/or current use of oral medication for dyslipidemia.
aMultivariate-adjusted HR was calculated after adjustment for age, body mass index, presence of dyslipidemia and diabetes, and smoking status (current or non-current).
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However, these results in Japanese hypertensives were not consis-
tent with those in Western pmpulat’ions,?'H that is, the risk for stroke
was lower in any drinkers compared with never-drinkers in
Westerners.”® This inconsistency between the Western and Japanese
populations might be due to a difference in the incidence of stroke
events and in the percentage of stroke subtypes. Specifically, the
incidence of hemorrhagic stroke, which could be affected by heavy
alcohol drinking,»* and hypertension®®'! has been much lower than
that of ischemic stroke in Western populations.*? Furthermore, for
ischemic stroke, the frequency of cortical infarction or cerebral
embolism was high in Western populations,”** and a pathological
study revealed that moderate alcohol intake has a weak inverse
association with atherosclerosis in large, cerebral arteries.” Thus, even
in a hypertensive condition, the risk for stroke associated with alcohol
consumption could be low or not evidently increased in Western
populations. In contrast, in a Japanese population, the incidence of
hemorrhagic stroke is considered to be higher than that in Western
populations.>*! Additionally, lacunar infarction due to small-vessel
disease was the most common among Japanese individuals.*¢
Moreover, a pathological study revealed that moderate alcohol
intake did not have an inverse association with atherosclerosis in
small cerebral arteries.>® Thus, these factors might have an influence
on the additive effect of alcohol and hypertension on stroke in the
Japanese population.*

In non-hypertensive participants, neither an evident increase nor
decrease was shown in the risk for CAD and stroke with increased
alcohol consumption. As the numbers of non-hypertensive partici-
pants and CVD event cases were small in the present study, the risk
for CVD and its subtypes of alcohol drinking in non-hypertensives
should be investigated in other large-scale prospective studies.

As shown in the present study, hypertension is the key to determine
the risk for CVD and its subtypes. As heavy drinking was associated
with a significant increase in the risk for both CAD and stroke in
hypertensives, individuals with hypertension should avoid heavy
alcohol drinking. In addition, lowering high levels of alcohol
consumption is associated with a reduction in blood pressure.?”
Thus, a reduction in alcohol consumption is expected to be
followed by both a decrease in blood pressure and particularly a
decrease in the risk for stroke, although the association between the
reduction of alcohol consumption in hypertensives and the risk for
stroke incidence should be examined in future studies among Asian
populations. In non-hypertensives, drinkers need to pay attention to
their blood pressure and avoid heavy drinking, not only for the
prevention of CVD, but also for the prevention of other alcohol-
induced diseases.

The present study had several limitations. First, the relationships
among alcohol drinking, hypertension and hemorrhagic stroke could
not be assessed because of the small number of cases. In addition, we
could not assess the risk for CVD and its subtypes in moderate- and
heavy-drinkers separately with and without hypertension due to the
small number of events. Second, single blood pressure measurements
and a single questionnaire for alcohol consumption at the baseline
survey might have underestimated the relationships among alcohol
drinking, hypertension and CVD due to regression dilution bias.”®
Third, the effects of the type of alcoholic beverage!” and genetic
differences, such as acetaldehyde dehydrogenase genotypes,®® could
not be investigated. Fourth, we potentially could not fully remove the
influence of age differences among the groups at the baseline,
although we adjusted for age in the estimation of the HRs.

In conclusion, compared with never-drinkers without hyperten-
sion, the risks for CVD, CAD, stroke and ischemic stroke were

Alcohol consumption, hypertension and risk for CVD
A Higashiyama et al

increased in those with hypertension, irrespective of alcohol con-
sumption. The risk for CAD was the highest in hypertensive never-
drinkers, whereas the risk for stroke was the highest in hypertensive
heavy-drinkers. In non-hypertensives, there was no evident increase
or decrease in the HRs for CVD and its subtypes in drinkers.
Accordingly, controfling blood pressure is important to prevent CVD.
[n hypertensives, heavy drinking should be avoided to prevent CVD,
although light-to-moderate drinking could be protective for CAD.
Furthermore, in non-hypertensives, drinkers may need to continu-
ously monitor their blood pressure.
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Factors Associated With Onset-to-Door Time in Patients
With Transient Ischemic Attack Admitted to Stroke Centers

Toshiyuki Uehara, MD; Kazumi Kimura, MD; Yasushi Okada, MD; Yasuhiro Hasegawa, MD;
Norio Tanahashi, MD; Akifumi Suzuki, MD; Shigeharu Takagi, MD;
Jyoji Nakagawara, MD; Kazumasa Arii, MD; Shinji Nagahiro, MD;
Kuniaki Ogasawara, MD; Takehiko Nagao, MD; Shinichiro Uchiyama, MD;
Masayasu Matsumoto, MD; Koji Iihara, MD; Kazuo Minematsu, MD

Background and Purpose—The aim of this study was to elucidate the factors associated with the time from symptom onset
to arrival at a stroke center (onset-to-door time [ODT]) in patients with classically defined transient ischemic attack using
data from a multicenter, retrospective study.

Methods—The subjects were patients with transient ischemic attack admitted to 13 stroke centers in Japan within 7 days of
onset between 2008 and 2009. A total of 464 patients registered (292 men, 68.5+13.2 years old), and 421 of them (268
men, 68.8+13.1 years old) were included in the analyses. ODT was classified into the following 5 categories: <3 hours, 3
to 6 hours, 7 to 12 hours, 13 to 24 hours, and >24 hours.

Results—There were 233 patients (55.3%) who visited a stroke center within 3 hours of symptom onset. Multiple ordinal
logistic regression analysis revealed that motor weakness, speech disturbance, and duration of symptoms >10 minutes
were independently associated with a short ODT. Furthermore, a history of transient ischemic attack and hypertension
and a referral from another medical facility were independently associated with a long ODT. Patients with a higher
ABCD? score were likely to arrive at a stroke center more quickly.

Conclusions—We identified several factors that were positively and negatively associated with the ODT in patients with
transient ischemic attack. (Stroke. 2014;45:611-613.) ‘

Key Words: ischemic attack, transient m stroke

Atransient ischemic attack (TTA) is a medical emergency Methods

associated with a high risk of early recurrent stoke. The methods of this retrospective, observational, multicenter study
Urgent assessment and management of patients in a dedicated have already been described in detail.® In brief, we enrolled patients
TIA clinic were found to decrease the 90~day stroke risk by with TIA admitted to 13 stroke centers in Japan within 7 days after

symptom onset between January 2008 and December 2009. The di-
agnosis of TIA was made if neurological symptoms and signs lasted
<24 hours, regardless of the brain imaging findings.

~80%.? Immediate medical attention is essential to reduce
the risk of stroke after TIA. Although the behavior of patients

after stroke has been studied extensively since the advent of A total of 464 patients registered (292 men, 68.513.2 years old),
thrombolysis and other potential treatments, little information but 43 were excluded as a result of either incomplete data (n=20)
is available on the behavior of patients after TIA, except for or referral from another department within the same stroke center
the Oxford Vascular Study.?? (n=23). Thus, a total of 421 patients (268 men, 68.8x13.1 years old)

. stio: o associated with the time from were included in the analyses. . } ’
We investigated the factors as Based on the study design, ODT was classified into the following 5

Symptorr‘i onse.t to am_val ata Stmk? center (onset-to-door U'mS categories: <3 hours, 3 to 6 hours, 7 to 12 hours, 13 to 24 hours, and >24
[ODTY)) in patients with TIA admitted to stroke centers using hours. Individual ABCD? scores were calculated.” The clinical outcome
data from a multicenter, retrospective study. was the occurrence of ischemic stroke during acute hospitalization.
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The ODT category was considered an ordinal variable, and ordinal
logistic regression analyses were performed to identify the associa-
tions between the study variables and ODT. Variables that showed
P<0.1 in univariate analyses were used in multiple ordinal logistic
regression analysis, and this was performed using a cumulative logit
model. The ABCD? score was excluded from the multivariable model
because of confounding factors.

Results

Table 1 shows the characteristics of patients according to ODT.
Patients with symptoms on arrival at stroke centers, motor
weakness, speech disturbance, and duration of symptoms >10
minutes were more likely to arrive at stroke centers quickly than
those without. Patients with a history of TIA and hypertension
and those referred from another medical facility were more
likely to have a delayed arrival at a stroke center. We found that
patients with a higher ABCD? score were more likely to arrive
at a stroke center quickly. Multiple ordinal logistic regression
analysis revealed that motor weakness, speech disturbance,
and duration of symptoms >10 minutes were independently
associated with a short ODT. Furthermore, a history of TIA
and hypertension and a referral from another medical facility
were independently associated with a long ODT (Table 2).

Subsequent ischemic stroke occurred during hospitalization
in 4 (1.7%) of 233 patients who visited a stroke center within
3 hours, 1 (1.5%) of 65 within 3 to 6 hours, 0 (0%) of 43
within 7 to 12 hours, 1 (3.3%) of 31 within 13 to 24 hours,

Table 1.

and 1 (2.0%) of 49 after 24 hours. Events and ODT were not
significantly associated.

Discussion

Our study revealed that motor weakness, speech disturbance,
and long duration of symptoms were associated with a short
ODT. Patients with a higher ABCD? score were more likely
to arrive at a stroke center quickly. The results of our study
are consistent with those of previous studies.>*® Two reports
using data from the Oxford Vascular Study™ demonstrated
that patients with motor weakness, speech disturbance, and
symptom duration >60 minutes were less likely than other
patients to delay in seeking medical attention. Patients
with a higher predicted stroke risk were more likely to act
quickly due apparently to the influence of weakness and pro-
longed symptom duration on behavior, although there was
no association between the recognition of symptoms and the
urgency of action.’

We found that a history of recent TIA and hypertension,
both known risk factors for stroke after TIA, was associ-
ated with delayed arrival at a stroke center. These relation-
ships were not found in a study by Chandratheva et al.’ They
reported that prior stroke and atrial fibrillation tended to be
associated with less delay. We also showed that a referral from
another medical facility was associated with a longer delay in
arrival at a stroke center. A systematic review found that there

Comparison of Characteristics According to Onset-io-Door Time

Onset-to-Door Time

Overall >3h 3-6h 7-12h 13-24h >24h
=421 n=233 =65 =43 n=31 n=49 PValue
Age, v (mean=8D) 68.8+£13.1 68.8+12.4 709+14.3 67.0+12.6 70.0+15.3 66.5+13.0 0.566
Men, % 63.7 64.0 53.9 62.8 64.5 75.5 0.546
Symptoms, %
Motor 68.5 76.4 59.4 59.5 50.0 62.5 <0.001
Sensory 28.0 26.8 26.6 36.8 32.3 255 0.591
Speech 39.2 459 354 419 12.9 26.5 <0.001
Visual 8.8 8.9 10.8 47 12.9 16.3 0.067
Presence of 42.8 46.8 46.2 51.2 226 245 0.005
symptoms on
arrival, %
Duration of 85.9 90.5 91.5 94.3 88.5 489 <0.001
symptoms >10
min, %
History, %
Stroke 23.5 245 215 27.9 18.1 225 0.593
TIA 18.5 15.7 13.6 13.5 26.9 40.0 0.009
Hypertension 68.2 63.1 73.9 767 74.2 735 0.017
Diabetes mellitus 202 18.0 215 256 194 245 0.218
Dyslipidemia 39.4 348 56.9 279 516 40.8 0.109
Afrial fibrillation 12.4 12.8 13.9 11.8 194 4.1 0.482
Median ABCD? 4 (3-5) 5 {4-5.75) 4 (3-5) 5(3-6) 4 (3-5) 4 (2-5) <0.001
score, (QR)
Referral from another 29.9 17.6 46.2 385 54.8 429 <0.001

medical facility, %

IQR indicates interquartile range; and TIA, transient ischemic attack.
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Table 2. Factors Associated With Onset-to-Door Time by
Multivariate Analysis

Estimate SE PValue
Motor disturbance -0.276 0.127 0.029
Speech disturbance ~0.233 0.114 0.041
Visual disturbance 0.137 0.215 0.524
Presence of symptoms on arrival ~0.078 0.115 0.493
Duration of symptoms 10 min -0.438 0.154 0.005
History of TIA 0.296 0.136 0.030
History of hypertension 0.258 0.122 0.034
Refetral from another medical facility 0.605 0.114 <0.001

TiA indicates transient ischemic attack.

was an association between delay in seeking medical attention
and referral from a general physician in patients with TIA or
minor stroke.” The finding that patient factors are related to
delayed arrival at stroke centers might be important insofar as
action that could mitigate these factors. The present findings
suggest that educating the general public and general physi-
cians about TTA as a medical emergency and stroke risk fac-
tors, including hypertension, is essential to minimize the delay
in arriving at a stroke center.

The present study has several limitations. First, there was
a selection bias in this study because only patients with TIA
admitted to a stroke center were enrolled. Second, this study
had a retrospective design, and there were missing data on
some baseline characteristics. Third, we were unable to inves-
tigate substantially an association between ODT and stroke
risk because of the small number of patients who had stroke
after TTA. Whether the hyperacute stroke treatment aphorism,
time is brain, is applicable to TIA remains unclear.

In conclusion, we identified several factors that were posi-
tively and negatively associated with ODT in patients with
TIA admitted to stroke centers. Further study is needed to
clarify whether the same patterns of behavior after TIA would
be observed in other populations.

Onset-to-Door Time in TIA Patients 613
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Clinical Significance of Fluid-Attenuated Inversion Recovery
Vascular Hyperintensities in Transient Ischemic Attack

Junpei Kobayashi, MD; Toshiyuki Uehara, MD; Kazunori Toyoda, MD; Kaoru Endo, MD;
Tomoyuki Ohara, MD; Jun Fujinami, MD; Kazuyuki Nagatsuka, MD; Kazuo Minematsu, MD

Background and Purpose—Fluid-attenuated inversion recovery vascular hyperintensity (FVH) is often identified in patients
with acute ischemic stroke. The purpose of this study was to determinge the clinical significance of FVH in patients with

transient ischemic attack (TTA).

Methods—Consecutive inpatients with TIA who underwent MRI within 24 hours of symptom onset were studied. The
frequency, relative factors, and time course of FVH were determined.

Results—Of the 202 patients who were enrolled (76 women, mean age, 69.0+13.2 years), FVH was identified in 41 patients
(20%). Multivariate analysis showed that atrial fibrillation (odds ratio, 7.14; 95% confidence interval [CI], 2.69-18.1),
arterial occlusive lesion (odds ratio, 4.89; 95% CI, 3.03-12.2), and hemiparesis (odds ratio, 2.81; 95% CI, 1.17-7.48) was
independently associated with FVH. Of 23 recurrence-free patients with FVH positive undergoing follow-up MRT at a
median of 7 days after the onset, FVH was no longer positive in 15 patients (65%). Atrial fibrillation was more common
(P=0.027) and arterial occlusive lesion was less common (P<0.001) in patients with transient FVH compared with those
with persistent FVH. Within 90 days after the onset, 13 patients developed recurrent TIA or ischemic stroke. After Cox
proportional hazard analysis, FVH (hazard ratio, 3.65; 95% CI, 1.09-12.7), arterial occlusive lesion (hazard ratio, 4.15;
95% CI, 1.18-17.1), and coexistence of FVH and arterial occlusive lesion (hazard ratio, 13.9; 95% CI, 3.36-71.0) were
significantly associated with recurrent TIA or ischemic stroke.

Conclusions—The presence of FVH early after symptom onset may help to diagnosis TIA, to identify the potential
mechanisms of TIA and to predict recurrence risk after a TIA. (Stroke. 2013;44:1635-1640.)

Key Words: acute stroke ® atrial fibrillation m fluid-attenuated inversion recovery
® magnetic resonance angiography ® transient ischemic attack

High signal intensity within blood vessels on {luid-atten-
uated inversion recovery (FLAIR), otherwise known as
FLAIR vascular hyperintensity (FVH), is often observed in
patients with acute ischemic stroke (AIS) attributable to large
artery stenosis or occlusion.'* Altered hemodynamics, such as
stationary and slow blood flow often from collateral circula-
tion through leptomeningeal anastomosis, has been suggested
to be the leading cause of FVH.*!¢

A transient ischemic attack (TTA) is a medical emergency
associated with a high risk of subsequent stroke. Ten percent
to 15% of patients with TIA develop stroke within 90 days,
with half of such strokes occurring within the first 48 hours."
Thus, the clinical importance of early diagnosis and manage-
ment of TIA should be emphasized to prevent the develop-
ment of stroke. Several guidelines recommend that patients
with TIA undergo urgent neuroimaging evaluation (at least
within 24 hours of symptom onset).!*** Diffusion-weighted
imaging (DWI) reflects brain tissue damage that can be caused
by ischemia. Vascular imaging, such as computed tomography

angiography, MR angiography (MRA), and ultrasonography,
can detect large arterial occlusive lesions (AOL). However,
most culprit lesions are DWI negative,” and large AOL may
be the collateral evidence of a TIA. In contrast, identification
of FVH might provide additional information on disturbed
blood tlow and the important evidence of a TIA. The purpose
of this study was to determine the detection rate, related fac-
tors, and significance of FVH as a predictor of recurrent TTIA
or ischemic stroke (IS} in patients with TIA.

Methods
Patient Selection and Definition
From a database of patients admitted to our department between
January 2005 and December 2011, consecutive inpatients with TIA
who underwent MRT and MRA within 24 hours of symptom onset
were retrospectively selected. The diagnosis of TIA was made by
neurologists if clinical symptoms lasted <24 hours regardless of
imaging findings (such as DWI positivity) according to the third
edition of Cerebrovascular Disease Classification by the National
Institute of Neurological Disorders and Stroke.'* Patients who
underwent thrombolysis or endovascular therapy were excluded
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from the study. In our institute, patients who arrived within 24 hours
after TIA onset were principally treated during hospitalization.
Basically, patients with TIA having mechanisms of cardioembolic
stroke underwent anticoagulant therapy, whereas the other patients
were treated with antiplatelet agent. The hospital’s ethics committee
approved this series of clinical studies on the basis of the database of
our stroke/TTA inpatients.

MRI Methods and Analysis

MRI, including DWI, FLAIR imaging, and time-of-flight MRA, was
performed at 1.5 T (Magnetom Sonata or Magnetom Vision; Siemens
Medical Solutions, Erlangen, Germany). DWI was performed using
the following parameters for the Magnetom Sonata (parameters for the
Magnetom Vision were the same as those for the Magnetom Sonata,
unless noted in parentheses): repetition time, 3000 ms (4000ms);
echo time, 72 ms (100 ms); matrix, 128x128; field of view, 23 cm;
section thickness, 4 min; intersection gap, 2 mm; and b values, 0 and
1000 s/mm?®. FLAIR images were as follows: repetition time, 9000
ms; echo time, 119 ms (105 ms); inversion time, 2500 ms (2400 ms);
matrix, 182x256; field of view, 23 cm; flip angle, 1507 (1807); section
thickness, 5 mm (4 mm); and intersection gap, 1 am (2 mm). Time-
of-flight MRA was obtained using the following parameters: repeti-
tion time, 37 ms (35 ms); echo time, 7.15 ms (7.6 ms); flip angle, 25°
(20°); field of view, 200 mm; matrix, 230x512 (224%x512); and slice
thickness, 0.6 mm.

The criterion for FVH was cither dotted hyperintensity identi-
fied in the subarachnoid space on 2 or more axial slices (Figure 1A)
or serpentine hyperintensity on 1 or more axial slices (Figure 1B).
FLAIR images were independently estimated by 2 board-certified
neurologists (J.K. and K.E.), who were informed about the patients’
symptoms and neurological signs. They re-evaluated all FLAIR im-
ages after | month. When the judgment of the 2 neurologists was
inconsistent, a decision was made by discussion without considering
the information other than FLAIR imaging.

MRA and carotid ultrasound were performed for all patients,
and digital subtraction angiography was performed for some.
Assessments of extracranial internal carotid arteries on digital sub-
traction angiography, MRA, and carotid echography were made
by North American Symptomatic Carotid Endarterectomy Trial

Figure 1. Representative images of fluid-attenuated inversion
recovery vascular hyperintensity. A, Dot-like hyperintense signal
in the Sylvian fissure (arrowhead). B, Serpentine hyperintense
signal in the distal to Sylvian fissure (arrows).
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(NASCET)-based methodology.” Stenosis in major intracranial ar-
teries on digital subtraction angiography and MRA was evaluated by
Warfarin Aspirin Symptomatic Intracranial Disease (WASID)-style
methodology.’® An AOL was defined as >50% stenosis, or as occlu-
sion of extra- and intracranial large arteries assessed by MRA or
digital subtraction angiography without recanalization on the follow-
up examination. Vascular imaging was repeated for patients initially
exhibiting steno-occlusive findings.

To assess whether FVH was persistent or transient, some of the pa-
tients with FVH positive underwent follow-up MRI and MRA around
the seventh hospital day.

Clinical Characteristics ,

The patients’ clinical background characteristics, including sex, age,
cardiovascular risk factors, history of TIA or stroke, blood pressure
levels on arrival, clinical symptoms of TIA, symptom duration, and
presence or absence of symptoms on arrival were collected from
medical charts. Individual ABCD? scores, which use a simple scoring
system to predict the risk of stroke after TIA, were calculated.”” ECG
and 24-hour electrocardiographic monitoring were performed in all
patients. Atrial fibrillation (AF) was diagnosed on the basis of either
documentation of the examinations or a confirmed history.

Cardiovascular Event After a TIA

Patients were routinely reassessed at 90 days by attending stroke
neurologists in outpatient clinic, and the timing of the occurrence of
stroke, TIA, acute coronary syndrome, undergoing vascular interven-
tion, and death within 90 days was recorded. If the patient could not
visit the clinic for follow-up, follow-up was performed by telephone
interview or by a mail-in survey. We assessed recurrent stroke on
the basis of the neurological examination and the new DWI-positive
lesions on brain MRIL

Statistical Analysis

Continuous variables were expressed as the meantSD (age and
blood pressure), and as the median and interquartile range (ABCD?
score and symptom duration). Categorical data were summarized
as percentages. Differences between groups were analyzed using
the Student ¢ test and Mann~Whitney U test for continuous values
and Pearson * test and Fisher exact test for categorical variables as
appropriate. Multivariate analyses were performed to find predictors
for the presence of FVH on the basis of the variables listed in Table 1.
A backward selection procedure was performed using P>0.10 for the
likelihood ratio test for exclusion. Factors that were independently
associated with TIA or IS recurrence were determined using the Cox
proportional hazard model on the basis of the ABCD?® score, sex, AF,
DWTI positivity, FVH, and AOL (forced-entry method). A P value of
<0.05 was considered statistically significant. Cohen x values were
calculated to quantify the level of agreement regarding the presence
of FVH to determine inter- and intraobserver variability. All statis-
tical analyses were conducted using JMP 9.0.2 statistical software
(SAS Institute, Inc, Cary, NC).

Results

Two hundred seventy patients with TIA were admitted to
our hospital during this investigation period. Of these, 12
patients were excluded because of contraindication for MRI
by implanted cardiac devices, 54 were excluded because the
initial MRI was performed >24 hours after symptom onset,
and 2 were excluded because of lack of carotid imaging. No
patients received thrombolysis or endovascular therapy. As a
result, a total of 202 patients (76 women, mean age, 69.0x13.2
years) were enrolled in this study.

FVH was identified in 41 patients (20%). The x coefficients
for intraobserver agreement of FVH by the 2 examiners were
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Table 1. Patient Characteristics
All Patients (n=202) Positive FVH (n=41) Negative FVH (n=161) PValue
Women, n (% 76 (38%) 15 {37%) 61 (38%) 1.000
Age, y (mean=SD) 69.0+13.2 70.9+12.3 68.5+13.4 0.287
Risk factor
Diabetes mellitus, n (%) 35 (17%) 7 (17%) 28 (17%) 1.000
Hypertension, n (%) 150 (74%) 35 (85%) 115 (71%) 0.075
Hyperlipidemia, n (%) 99 (49%) 17 (41%) 82 (51%) 0.299
Atrial fibrillation, n (%) 51 (25%) 20 (49%) 31 (19%) <0.001
Previous stroke or TIA, n (%) 58 (29%) 17{41%) 41(25%) 0.053
SBP on arrival, mmHg (mean=SD) 152+27 151428 152427 0.830
DBP on arrival, mmHg (mean=SD) 83+16 85+16 8316 0.423
Characteristics of TIA
Clinical features, n (%}
Unilateral weakness 136 (67%) 33 (80%) 103 (64%) 0.152
Isolated speech disturbance 18 (9%) 2 (5%) 16 (10%)
Other symptoms 48 (24%) 6 (15%) 42 (26%)
Symptom duration, median (JOR), min : 60 (20-275) 20 (10-300) 90 (30-273) 0.013
Presence of symptoms on arrival, n (%) 68 (34% 10 (24%) 58 (36%) 0.196
ABCD? scare, median (IQR) 5 (4-5) 5 (4-5) 5 (4-5) 1.000
DW! lesion, n (%) 36 (18%) 13 (32%) 23 (14%) 0.020
AOL, n (%) 60 (30%) 20 (49%) 40 (25%) 0.004
AOL at the initial examination, n (%) 73 (36%) 30 (73%) 43 (27%) <0.001
Recanalization, n (%) 13 (18%;) 10 (33%) 3 (7% 0.005

AQL indicates arterial occlusive lesion; DBP, diastolic blood pressure; DWI, diffusion-weighted imaging; FVH, fluid-attenuated inversion recovery vascular
hyperintensity; 1QR, interquartile range; SBP, systolic blood pressure; and TIA, transient ischemic attack.

0.810 and 0.726, and that for interobserver agreement of FVH
was 0.783. Thirty-nine patients had FVHs in the middle cere-
bral artery territory, and 2 patients had FVHs in the posterior
cerebral artery territory. There were no patients presenting
with FVH in multiple vascular territories. In all 41 patients,
FVH was identified in the clinically relevant side, ipsilateral
to the DWI lesion in the 13 patients with DWI-positive, and
contralateral to the clinical symptoms in the remaining 28
DWIl-negative patients.

Factors Related to FVH

Baseline characteristics of the patients are shown in Table 1.
AF (P<0.001), a DWT lesion (P=0.020), and AOL (£=0.004)
were more common and the duration of symptoms was
shorter (£=0.013) in the FVH-positive group than in the
FVH-negative group. Multivariate logistic regression analy-
sis showed that AF (odds ratio, 7.14; 95% confidence interval
[C11, 2.69-18.1), AOL (odds ratio, 4.89; 95% CI, 3.03-12.2),
and hemiparesis (odds ratio, 2.81; 95% CI, 1.17-7.48) were
independently associated with FVH (Table 2).

Time Course of FVH According to Follow-up MRI

Of 41 patients with FVH positive, 23 patients received
follow-up MRI during their acute hospitalization (median,
7 days; interquartile range, 6—11 days) without episodes of
recurrent TIA or IS before the follow-up MRI. There were
no significant differences in patient characteristics shown in
Table 1 between patients having the follow-up MRI or not.
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FVH was no longer positive in 15 patients (65%; transient
FVH). In the transient FVH group, AF was more common
(67% versus 13%; P=0.027) and AOL was less common (0%
versus 88%; P<0.001) than in the 8 patients with persistent
FVH. Particularly in the 9 patients with FVH positive without
a DWI lesion or AOL at the initial assessment, all FVHs
completely resolved, and DWI revealed hyperintense lesions
that were compatible with the initial symptom of TIA in 4 of
these 9 patients (Figure 2).

Recurrent TIA/Stroke and FVH

One hundred eighty-one patients (90%) had catamnestic
follow-up at 90 days. Nine patients developed recurrent TIA,
4 developed IS, 1 developed hemorrhagic stroke, and none

Table 2. Mutltivariate Logistic Regression Analysis of
Parameters for Independent Relative Factors of FVH

Characteristics 0Odds Ratio 95% Cl PValue
The presence of FVH
Hypertension 2.47 0.93-7.53 0.710
AF 7.14 2.69-18.1 <0.001
AOL 4.89 3.03-12.2 <0.001
Hemiparesis 2.81 1.17-7.48 0.020

The presence of FVH was adjusted by characteristics selected by a backward
selection procedure on the basis of the variables listed in Table 1.

AF indicates atrial fibrillation; AGL, arterial occlusive lesion; Cl, confidence
interval; and FVH, fluid-attenuated inversion recovery vascular hyperintensity.
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Figure 2. Brain MRI of a 53-year-old woman with transient ischemic attack (TIA) caused by paradoxical embolism. A, Initial fluid-atten-
uated inversion recovery (FLAIR) images 80 min after a 1-min attack of left hemiparesis showing 2 dot-like high intensities in the right
middle cerebral artery territory (arrows). Initial diffusion-weighted imaging (DWI) showing no abnormal findings. B, Follow-up DW! showing
hyperintense lesions close to the area where the fluid-attenuated inversion recovery vascular hyperintensity (FVH) are initially identified
{arrowhead). Follow-up FLAIR images 6 d after the attack showing disappearance of the FVHs. C, MRA showing no arterial occlusive
lesions at the initial assessment. The patient was diagnosed as having a patent foramen ovale and protein S deficiency during hospitaliza-
tion. She did not experience a TIA or stroke after the initial TIA episode.

developed acute coronary syndrome, received vascular inter-
vention, or died within 90 days. Figure 3A shows the cumula-
tive rate of recurrent TIA or IS. In the FVH-positive group,
3 patients developed recurrent TIA and 4 patients developed
IS on the ipsilateral side of FVH; 5 of these 7 patients devel-
oped these events within the initial week. In the FVH-negative
group, 1 patient developed recurrent TIA and 5 patients devel-
oped IS; 5 of these 6 patients developed these events within
the initial week. Cox proportional hazard analysis showed that
FVH (hazard ratio, 3.64; 95% CI, 1.08-12.6) and AQOL (hazard
ratio, 3.82; 95% CI, 1.07-15.8) were independently associated
with the events (Table 3, Model A). Because a significant asso-
ciation was found between FVH and AOL in this study, the
analysis was repeated using 4 subgroups divided according
to FVH and AOL: 20 patients with both FVH and AOL, 40
patients with only AOL, 21 patients with only FVH, and 100
patients without FVH or AOL. Patients having both FVH and
AOL were independently associated with the events (hazard
ratio, 12.8; 95% CI, 3.09-64.4; Table 3, Model B; Figure 3B).

Discussion
This is the first study to determine the frequency and clinical
significance of FVH, and the association between FVH and
recurrence of TTA or IS in patients with TIA. The first major
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finding of this study was that FVH was identified in 20% of
patients with TIA on the clinically relevant side. The second
major finding was that AF and AOL were independently asso-
ciated with FVYH; AF was especially associated with transient
FVH and AOL with persistent FVH. Third, AOL and FVH
were predictive of recurrence of TIA or IS within 90 days.
Patients with AIS often have FVH associated with large-
vessel stenosis or occlusion.” In patients with AIS receiv-
ing intravenous thrombolysis within 3 hours from symptom
onset, the frequency of FVH was 57% at baseline, 44% at 2
hours, and 25% at 24 hours; large artery occlusion was iden-
tified in 91% of the patients with FVH positive and 63% of
the patients with FVH negative at baseline." In another study,
FVH was detected in 45% of patients within 24 hours after
AIS onset, and all patients with FVH had large-vessel occlu-
sion or severe stenosis.* In a study on TIA patients, FVH was
identified in 33%, and again had a strong association with
large-vessel occlusion or severe stenosis.'” In contrast, only a
report of a patient with AIS indicated that AF caused transient
FVH without Jarge AOLs.! In our series, FVH was identified
only in 20% of the present patients within 24 hours after TIA
onset, and only 49% of patients with FVH showed AOL. The
incidence of FVH and large artery occlusive lesions in this
study was obviously lower than those in the studies on AIS.
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Figure 3. Cumulative rate of recurrent transient ischemic attack or ischemic stroke. A, The rate between patients with and without fluid-
attenuated inversion recovery vascular hyperintensity (FVH). B, The rate among 4 groups classified according to the presence of FVH and

arterial occlusive lesion (AOL).
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Table 3. Cox Proportional Hazard Analysis for Factors Associated With Recurrent TIA and Ischemic Stroke Within 80 Days

Model A Model B
Characteristics HR 95% Cl PValue HR 95% Cl PValue
Sex 1.18 0.33-3.86 0.785 1.16 0.33-3.77 0.812
ABCD? 1.00 0.65-1.80 0.998 1.00 0.65-1.60 0.997
DWI positivity 1.08 0.26-3.75 0.926 1.03 0.25-3.67 0.964
AF 0.73 0.14-2.89 0.664 0.79 0.16-3.05 0.743
FVH 3.64 1.08-12.6 0.037
AOL 3.82 1.07-15.8 0.039 - .
FVH(-) AOL(-) 1.00 (Reference) -
FVH{+) AOL{-) 1.97 0.10-17.3 0.593
FYH(-) AOL{+) 2.80 0.50-15.7 0.232
FVH(+) AOL(+) 12.8 3.09-64.4 <0.001

AF indicates atrial fibrillation; AOL, arterial occlusive lesion; Cl, confidence interval, DWI, diffusion-weighted imaging; FVH, fluid-attenuated inversion recovery

vascular hyperintensity; HR, hazard ratio; and TIA, transient ischemic aftack.

In addition, transient FVH was significantly associated with
AF. These observations demonstrate that transient FVH could
be caused by early recanalization of emboli in patients with
TIA. We suggest that transient FVH in patients with tran-
sient neurological distarbances can be an objective evidence
of a TIA. Along with FVH, perfusion-weighted imaging can
demonstrate an evidence of ischemic nature in patients with
TIA®? To add both FVH and perfusion-weighted imaging to
DWI can contribute to enhance the accuracy of TIA diagnosis.

The positive association between hemiparesis and FVH
might be mainly because AOL often leads to broad ischemia
and severe neurological deficits, including hemiparesis on the
one hand and FVH has strong relationship with AOL on the
other hand.

Predicting recurrent IS after TIA is important to consider
adequate strategies for managing patients with TIA according
to risk. The ABCD? score is a prognostic tool for prediction of
the risk of early recurrent stroke after TIA in primary care.'” The
presence of ischemic lesions on DWI or large artery occlusion
is another predictor for recurrent stroke after TIA. %% Although
the association between FVH and poor outcore in patients with
IS was demonstrated,”*® the association between FVH and
recurrence of TIA or IS after TIA bas been merely reported.” In
the present study, Cox proportional hazard analysis showed that
recurrence within 90 days after onset was associated with AOL
and FVH, as well as coexistence of these 2. AOL accompanied
by FVH has been reported to indicate diminished vascular
reserve,” and diminished reserve because of symptomatic
arterial occlusive disease is associated with recurrent stroke.*%3!
The combination of FVH and vascular imaging findings may
provide useful information on the risk assessment of TIA to
prevent recurrence.

This study has some limitations. First, the single-center
retrospective study design might cause selection bias and
statistical errors. Second, follow-up imaging examinations of
patients with FVH positive were only performed on a small
sample size. Third, although AOL in the present definition pri-
marily indicates atherothrombotic disease, some patients with
cardioembolic occlusion who did not show early recanaliza-
tion may have been included among the patients with ACL.
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In conclusion, FVH could be interpreted as a marker of
altered hemodynamics in patients with TIA with AF and in
those with AOL. The results of this study suggest that the
presence of FVH early after symptom onset may help to dif-
ferentiate TIA from stroke mimic, to identify the potential
mechanisms of TIA, and to predict recurrence risk after a TIA.
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