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Abstract

Background: Stroke is a worldwide health problem, the world’s second-leading
cause of death and third-leading cause of disability. Currently, the majority of
stroke patients are ischemic stroke patients. It is necessary to evaluate risk
factors to prevent ischemic stroke. Data and Methods: The risk factors for
stroke in the previous fiscal year were analyzed. They were divided into
nonmodifiable and modifiable factors. The probit and ordered probit models
were used in the study, with 59341 and 50542 observations used in the esti-
mation of the models, respectively. Results: Among the nonmodifiable fac-
tors, age, gender and cerebrovascular disease history are important risk fac-
tors. The history of cerebrovascular diseases is considered to be an especially
important factor. Among the modifiable factors, taking antihypertensive
drugs and recent large weight change are negative risk factors; however,
sleeping well significantly reduces the probability of ischemic stroke. Conclu-
sion: It is very important to ensure that medical personnel know a patient’s
history of cerebrovascular diseases for proper treatments. Ischemic stroke
might be considered an important side effect of antihypertensive drugs. Li-
mitations: The dataset was observatory. There are various types of antihy-
pertension drugs, and their effects are not analyzed.

Keywords

Stroke, Ischemic Stroke, Cerebrovascular History, Antihypertensive Drug,
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1. Introduction

Stroke is a worldwide health problem, the world’s second-leading cause of death
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and third-leading cause of disability [1]. Stroke occurs when something blocks
the blood supply to part of the brain or when a blood vessel in the brain bursts
[2]. As the World Health Organization (WHO) points out [3], “Annually, 15
million people worldwide suffer a stroke. Of these, 5 million die and another 5
million are left permanently disabled, placing a burden on family and commu-
nity.” The WHO estimates that stroke caused 5781 thousand deaths in 2016 [4].
The World Stroke Organization (WSO) [5] estimates the occurrence of 13.7 mil-
lion new strokes, 5.5 million deaths, and 116 million healthy years of life lost per
year. It is also estimated that 80 million stroke survivors worldwide exist, and
that one in four people over the age of 25 will experience stroke in their lives.
Lindsay et al [6] reported additional details, namely that there were 13,676
thousand (185.1 per 100,000 people) stroke incidents and 5528 thousand deaths
in 2016. Virani et al [7] described that the mean global lifetime risk of stroke
increased from 22.8% in 1990 to 24.9% in 2016. Benjamin et a/ [8] found that
there were 6.5 million stroke deaths globally, making stroke the second-leading
cause of death in 2013.

In the United States, 4.34% of people answered that they had had a stroke at
some point in time [9]. Approximately 795,000 strokes occur each year, and
their estimated cost averaged $33.9 billion annually from 2012 to 2013 [8] [10].
A total of 2,813,503 deaths were reported, and stroke was the fifth-leading cause
of death, killing 146,383 people in 2017 [11]. Also, stroke reduces mobility in
more than half of stroke survivors aged 65 and over in the United States [8]. For
research on strokes in other countries see the review work of Thrift [12].

The disruption of the blood supply may result from either blockage (ischemic
stroke) or the rupture of a blood vessel (hemorrhagic stroke) [13]. Currently, the
majority of strokes are ischemic strokes. Mozzafarian et al [14] reported that
87% of strokes are ischemic strokes. Lindsay et al [6] reported that there were
9,556,444 and 4,120,318 ischemic and hemorrhagic strokes worldwide in 2016,
respectively.

In Japan, the medical cost of cerebrovascular diseases was 1.809 trillion yen in
fiscal year 2017 [15]. Cerebrovascular diseases caused 108,186 deaths, making
them the fourth-leading cause of death, and they accounted for 8.9% of total
(1,362,470) deaths in 2018 [16]. Among those deaths, 45,043 were due to he-
morrhagic stroke (33,047 cerebral hemorrhages and 11,996 subarachnoid he-
morrhages), and 60,365 were due to ischemic stroke. The number of patients
treated at hospitals or clinics on the survey day (one selected day in October) for
cerebrovascular diseases was 231.9 thousand, and the number treated for
ischemic stroke was 150.8 thousand; the total number of cerebrovascular disease
patients was estimated to be 1.12 million in 2017 [17].

Although ischemic and hemorrhagic strokes damage the brain cells, their
mechanisms and treatment methods are quite different. Therefore, they should
not be included in the same category. Ischemic stroke happens when blood

flow through the artery that supplies oxygen-rich blood to the brain becomes
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blocked. Blood clots often cause the blockages that lead to ischemic stroke [13].
The majority of stroke patients were ischemic stroke patients. Therefore, this
study focuses on ischemic stroke. The American Heart Association (AHA)
Stroke Council has provided guidelines [18] [19] addressing prehospital care,
urgent and emergency evaluation and treatment with intravenous and in-
tra-arterial therapies, and in-hospital management for the early management of
acute ischemic stroke. Reperfusion with tissue plasminogen activator remains
the gold standard treatment for ischemic stroke within 4.5 hours (especially 3
hours) of stroke onset [20]. Numerous studies have been done on ischemic
stroke treatments [21]-[32] and rehabilitation [33]-[40].

The risk factors for stroke are classified as nonmodifiable (cannot be con-
trolled) and modifiable (can be controlled). Age, sex, race/ethnicity, family his-
tory, prior stroke, transient ischemic attack (TIA), and heart attack are nonmo-
difiable risk factors. High blood pressure (hypertension), smoking, diabetes, diet,
physical inactivity, obesity, high blood cholesterol, carotid artery disease, peri-
pheral artery disease, atrial fibrillation and other heart disease, and sickle cell
disease are commonly reported to be modifiable risk factors [41] [42] [43].

Regarding ischemic stroke, Allen and Bayraktutan [44] reported hypertension,
diabetes mellitus, smoking, coronary heart disease, atrial fibrillation, left ventri-
cular hypertrophy, waist-to-hip ratio, lipoprotein, von Willebrand factor, white
blood cell count, C-reactive protein, homocysteine, and reaction oxygen spe-
cies/oxidative stress as modifiable factors; and age, sex, and race as nonmodifia-
ble factors. They also described that stroke events could be reduced by approx-
imately 80% through lifestyle modifications. Among the modifiable risk factors,
Fahimfar et al [45] concluded that chronic kidney disease, hypertension, and
diabetes were the strongest independent predictors of stroke based on a 9-year
follow-up study in Iranian subjects. Ohia et al [46] analyzed the risk factors for
ischemic stroke subtypes using the dataset obtained from the Atherosclerosis Risk
in Communities (ARIC) study. Between 1987 and 1989, 14,448 men and women
took part in the first examination of the ARIC study. During the average follow-up
of 13.4 years, 541 ischemic stroke incidents (105 lacunar, 326 non-lacunar, and
100 cardioembolic) occurred. Although they concluded that “The impact of tra-
ditional and nontraditional risk factors other than hypertension on the incidence
of ischemic stroke varied according to its subtype,” current smoking and di-
abetes mellitus were significant risk factors in all their estimated results. Bang et
al. [47] also reported nontraditional risk factors.

In this paper, factors that might affect ischemic stroke are reexamined using

the probit and ordered probit models.
2. Data and Methods

2.1. Data

Japan has a public health insurance system and all citizens belong to some type

of public health insurance organization. Most employees aged 40 or over are re-
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quired to undergo medical checkups at least once a year by the Industrial Safety
and Health Act [48], and their family members can also receive medical check-
ups on a voluntary basis. The dataset was created with the cooperation of three
health insurance societies. The monthly reports of all medical treatments and
payments, called “receipts,” are sent from medical institutes to the health insur-
ance societies. The original dataset contained 175,123 medical checkups and
6,312,125 receipts obtained from April 2013 to February 2017 (the Japanese fis-
cal year starts in April and ends in March of the next year). The diseases classi-
fied as ischemic stroke were chosen according to the classification of the Minis-
try of Health, Labour and Welfare [49] (code number: 0906, International Dis-
ease Classification 10" Revision (ICD 10) code number: 163). To prevent the
disease, it is necessary to know who exhibits risk factors in advance and to give
them proper lifestyle modification and medical guidance. Therefore, I analyze
the data of people who were not treated for ischemic stroke in fiscal year # and
checked whether they were treated for ischemic stroke in the next fiscal year

(ie, fiscal year £+ 1) or not based on a survey of receipts.

2.2. Probit and Ordered Probit Models

The probit and ordered probit models are used in the analysis. We let 1S, be a
dummy variable taking 1 if person 7 received ischemic stroke treatment in fiscal
year tand 0 otherwise. I consider the observations satisfying IS, =0 and per-
form an analysis using the probit model:

Yia =% B+ Uy, 1S, =0 (1)

I
IS,,, =1 if Y,,, >0 and 1S, =0 if Y, <0

it+ it+1

P(IS;.; =1]1S, =0)=D(x.3),

where P(IS,,, =1]1S; =0) is the conditional probability that IS, , =1, X,
is a vector of explanatory variables, u, follows the standard normal distribu-
tion, @ is the distribution function of the standard normal distribution, and
Y., isalatent variable.

The seriousness of the disease differs by patient and must be considered. The
receipts are monthly reports from medical hospitals (including clinics). If a pa-
tient goes to one hospital in a given month, it is summarized as one receipt. If a
patient goes to the same hospital in two months or more, the health insurance
society receives different receipts depending on the number of months. When a
patient goes to different hospitals within the same month, the health insurance
society receives different receipts depending on the number of hospitals. It is
reasonable to assume that if a treatment ends in a short period at one hospital,
the condition of the patient is not very serious. (In a serious situation, a patient
might stay at the hospital for a long period or might be sent to large specialized
hospitals.) Among a total of 170,123 observations, 170,870 were not treated as
ischemic strokes, 2084 went to one hospital for one month, and 2169 went to

multiple hospitals or went to the hospital in multiple months.
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Let N,,, be the total number of hospitals and months in which the patient 7
was treated for ischemic stroke in fiscal year #1 (ie, if patient 7goes to h, dif-
ferent hospitals and for m, months to hospital , N,,, = Z:.‘i:lm ; )- It might be
=1

(the patient goes to just one hospital for only one month to treat ischemic stroke

possible to assume that the condition of a patent is relatively mild if N,,,;

in a fiscal year). Therefore, to evaluate the seriousness of the patient’s condition,

I consider the ordered probit model, given:

Yia =X S+Uys 15, =0 2)
=1 if S;<VY,,<S;, and N, >2 if § <Y,

Ny, =0 if Y, <S,, N -

it+1 it+1

P(Nit+l:O| IS; :O)ZCD(SO_Xi’tﬂ)’
P(Nm:l =1|1S, :O):d)(Sl—Xi'“B)—q)(So —xi"ﬁ) and
P(Ni(+122| IS;, :0):1—(I)(Sl—xi'[,3).

S, and S, are threshold values, and x, does not contain a constant term.

For the details of the model, see Amemiya [50].

3. Explanatory Variables and Estimated Models
3.1. Explanatory Variables

Several different models and variables are considered. The nonmodifiable ex-
planatory variables include: Age, Female (1: if female; 0: otherwise), Height
(cm), Cerebrovascular (diagnosed previously with some type of cerebrovascular
disease: 1; 0: otherwise), Cardiovascular (diagnosed previously with some type of
cardiovascular disease (CVD): 1; 0: otherwise), Kidney (diagnosed previously
with some type of kidney disease: 1; 0: otherwise), Diabetes (getting diabetes
treatments; 0: otherwise), F_yearl4 (1: fiscal year 2014; 0: otherwise), and
F_year15 (1: fiscal year 15; 0: otherwise).

The following variables are used as modifiable explanatory variables: BMI
(=height (m)/weight (kg)?*), SBP (systolic blood pressure, mmHg), DBP (diastol-
ic blood pressure, mmHg), HDL (high density lipoprotein cholesterol blood,
mg/dL), LDL (low-density lipoprotein cholesterol, mg/dL), Triglyceride (mg/dL),
GGP (y-glutamyl transferase, units per liter: U/L), AST (aspartate aminotrans-
ferase, U/L), ALT (alanine aminotransferase, U/L), B_Sugar (blood sugar,
mg/dL), HbAlc (hemoglobin Alc, %), U_Sugar (urine sugar integers of 1 - 5,
judged by colors of reagent; 1l:undetected, 2: around 50 mg/dL, 3: around 100
mg/dL, 4: around 250 mg/dL and around 500 mg/dL or over; 1 is normal, 5 is
worst), U_Protein (integers of 1 - 5; judged by colors of reagent, 1:undetected, 2:
around 15 mg/dL, 3: around 30 mg/dL, 4: around 100 mg/dL and around 250
mg/dL or over; 1 is normal, 5 is worst), Weight_1(weight changed by 3 kg or
more in a year), Weight_20 (weight increased by 10 kg or more from age 20),
Antihypertensive (1:taking antihypertensive drugs, 0: otherwise), Glycemic (1:
taking glycemic drugs; 0: otherwise), Lipid (1: taking lipid drugs; 0: otherwise),
Eat_Fast (1: eating faster than other people; 0: otherwise), Late_Supper (1: eating
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supper within two hours before bedtime three times or more in a week; 0: oth-
erwise), Night Snack (1: eating late-night snacks after supper three times or
more in a week, 0: otherwise), No_breakfast (1: not eating breakfast three times
or more in a week; 0: otherwise), Exercise (1: doing exercise for 30 minutes or
more twice or more in a week for more than a year; 0 otherwise), Activity (1:
doing physical activities (walking or equivalent) for one hour or more daily, 0:
otherwise), Speed (1: walking faster than other people of a similar age and the
same gender; 0: otherwise), Alcohol_freq (0: not drinking alcoholic drinks, 1I:
sometimes, 2: everyday), Alcohol_amount (0: not drinking; 1: drinking less than
180 ml of Japanese sake wine (with an alcohol percentage of about 15%) or
equivalent alcohol in a day when drinking; 2: drinking 180 - 360 ml; 3: drinking
360 - 540 ml; 4: drinking 540 ml or more), Smoke (1: smoking; 0: otherwise),

and Sleep (1: sleeping well; 0: otherwise).

3.2. Estimated Models

Since some variables representing life style (from Weight 1 to Sleep) are not
available from one health insurance society, I consider Models A and B for the
probit model and Models C and D for the ordered probit model. Models A and
C were the probit and ordered probit models that contained all explanatory va-
riables including variables representing life style but the data from one health
insurance society were not used. On the other hand, Models B and D were the
pobit and ordered probit models that contained the data from all health insur-
ance societies but some variables representing life style were not used.
1) Probit model (dependent variable: 7S;.)
Model A:
Y., =5, + B,Age + f;Female + S,Height + S.Cerebrovascular
+ psCardiovascular + 2,Kidney + g;Diabetes + S,F_yearl4
+ pBF_yearl5+ g, BMI + 5,,SBP + 5,,DBP + g, ,HDL
+ s LDL + B, Triglyceride + 5,,GGP + S, ,AST + B ,ALT
+ B,B_Sugar + S,,HbAlc + 5,,U_Sugar + £,,U_Protein

+ p,,Smoke + S, Antihypertensive + £,,Glycemic + £,,Lipid

+ s Weight_1+ 5,,Weight_20+ 5,,Eat _fast + S,,Late_Supper
+ B, Night_Snack + £,;No _ breakfast + f,,Exercise

+ BoActivity + S, Walk_fast + f,, Alcohol_freq

+ BogAlcohol _amount + S,;Sleep +u;

Model B:

Y. =5 + B,Age + f;Female + S, Height + S.Cerebrovascular
+ psCardiovascular + 4, Kidney + g;Diabetes + 5,F_yearl4
+ f3,,F_yearl5+ f3,BMI + f3,,SBP + 3,,DBP + /3 ,HDL
+ BsLDL + S, Triglyceride + 5,,GGP + B,AST + S, ALT
+ ByB_Sugar + 5,,HbAlc + 5,,U_Sugar + f,,U_Protein
+ B,,.Smoke + S, Antihypertensive + £,,Glycemic + 5,,Lipid + u;
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2) Ordered probit model (dependent variable: Ny.1).
Model C:
Y. = BiAge + p,Female + g,Height + S,Cerebrovascular
+ p.Cardiovascular + g,Kidney + 4,Diabetes + §,F_yearl4
+ B,F_yearl5+ ,,.BMI + 3,,SBP + 3,,DBP + 5, ,HDL
+ B,LDL + B, Triglyceride + 5,,GGP + B;AST + f ALT
+ B,,B_Sugar + S,,HbAlc + 3,,U_Sugar + 5,,U_Protein

+ f,;Smoke + f,, Antihypertensive + £,.Glycemic + 5, Lipid
+ B, Weight_1+ £,;Weight_20+ ,,Eat_fast

+ Py, Late_Supper + g, Night_Snack + £,,No_breakfast

+ Py Exercise + 5, Activity + S, Walk_fast + g,;Alcohol_freq
+ f;;Alcohol_amount + S,.Sleep +u,

Model D:

Y... = SAge + B,Female + B,Height + 5,Cerebrovascular + g,Cardiovascular
+ p;Kidney + g, Diabetes + S,F _ yearl4 + S,F_yearl5+ g, ,BMI
+ 3,,SBP + f3,,DBP + B,HDL + 3,,LDL + f3, Triglyceride + 3,,GGP
+ [, AST + B ALT + 5,,B_Sugar + 8,,HbAlc + S,,U_Sugar
+ p,,U_Protein + B,,Smoke + S,,Antihypertensive + 5,.Glycemic
+ BysLipid +u;

4. Results of Estimation

Observations with missing values or taking extremely strange values (SBP: over
300 or under 30; DBP: over 200 or under 30; DBP larger than SBP; HDL: over
500; LDL: over 500; Triglyceride over 1000; and B_Sugar over 500) were ex-
cluded. 50,542 observations, including 49,827: (1S, =0, IS,,,=0), 715:
(18, =0, 1S,,=1), 534: (1S, =0,N;,; =1) and 181: (IS, =0, N;,>2),
were used for Models A and C. A total of 59,341 observations, including 58,496:
(1S,=0, IS, =1), 845: (IS, =0, 1S, =1), 626: (IS, =0, N,,; =1) and
219: (IS, =0, N, >2), were used for Models B and D. The summaries of ex-
planatory variables are given in Table 1 and Table 2.

The results of the estimation are given in Tables 3-6. Table 3 shows the re-
sults of Model A, the probit model containing all variables with 50,402 observa-
tions. Table 4 shows the results of Model B, the probit model with 58,496 ob-
servations. Table 5 shows the results of Model C, the ordered probit model con-
taining all variable with 50,402 observations. Table 6 shows the results of Model
D, the ordered probit with 58,496 observations. We obtained similar results in
all models. All models contained all nonmodifiable variables. Among these va-
riables, the estimates of Age, Female, and Cerebrovascular were positive and sig-
nificant at the 1% significance level; and the estimates of Cardiovascular were
positive and significant at the 5% level. However, the estimates of the other
nonmodifiable variables were not significant even at the 5% level in all four

models. This implies that Age, Female, Cerebrovascular and Cardiovascular
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Table 1. Summary of explanatory variables (Models A and C).

Variable Average SD Variable Average SD
Age 48.89 7.08 AST (U/L) 23.40 11.59
Female 1: 23.6%; 0: 76.4% ALT (U/L) 25.19 18.68
Height (cm) 167.36 8.05 Smoke 1: 39.6%; 0: 40.4%
Cerebrovascular 1: 0.47%; 0:99.53 Weight_1 1: 42.1%; 0: 57.9%
Cardiovascular 1: 1.79%, 0: 98.21% Weight_20 1: 29.7%; 0: 70.3%
Kidney 1: 0.18%; 0:99.82% Eat_Fast 1: 31.1 %; 0: 68.9%
Diabetes 1: 2.8%; 0: 97.2% Late_Supper 1: 43.3%; 0: 56.7%
F_year14 1: 43.3%; 0: 56.7% Night_Snack 1: 13.4%; 0: 86.6%
F_yearl5 1: 15.5%; 0: 84.5% No_Breackfast 1:25.5%; 0: 74.5%
BMI (Kg/m?) 23.67 3.73 Alcohol_freq 0: 34.2%; 1: 28.4%; 2: 37.4%
SBP (mmHg) 123.78 16.21 Alcohol_amount 0: 34.2%; 1: 22.0%; 2: 30.7%; 4: 10.2%
DBP (mmHg) 76.76 11.71 Exercise 1: 19.7%; 0: 80.3%
HDL (mg/dL) 61.02 16.51 Activity 1: 30.2%; 0: 69.8%
LDL (mg/dL) 124.65 31.42 Speed 1:41.4%; 0: 59.6%
Triglyceride (mg/dL) 127.23 95.48 Sleep 1: 62.0%; 0: 38.0%
B_Sugar (mg/dL) 56.90 49.45 Antihypertensive 1: 13.9%; 0: 84.1%
HbAlc (%) 5.49 1.61 Glycemic 1: 3.9%; 0: 96.1%
U_Sugar 1:97.04%; 2: 0.61%; 3: 0.83%; 4: 0.58%; 5: 0.92% Lipid 1: 7.1%; 0: 92.9%
U_Protein 1: 91.6%; 2: 5.0%; 3: 2.5%; 4: 0.7%; 5: 0.2%
GTP (U/L) 45.56 51.50
SD: Standard deviation; 50542 observations.
Table 2. Summary of explanatory variables (Models B and D).
Variable Average SD Variable Average SD
Age 49.13 7.14 LDL (mg/dL) 124.25 31.20
Female 1: 22.0%; 0: 78.0% Triglyceride (mg/dL) 127.30 95.42
Height (cm) 167.56 7.95 B_Sugar (mg/dL) 62.35 48.48
Cerebrovascular 1: 0.50%; 0:99.5% HbAlc 5.48 1.57
Cardiovascular 1: 1.94%; 0: 98.06% U_Sugar 1: 96.82%; 2: 0.79%; 3: 0.82%; 4: 0.58%; 5: 0.98%
Kidney 1: 0.20%, 0: 99.8% U_Protein 1: 91.4%, 2: 5.0%, 3: 2.7%; 4: 0.7%; 5: 0.2%
Diabetes 1: 2.9%; 0:97.1% GTP (U/L) 45.88 51.72
F_yearl4 1: 43.8%; 0: 56.2% AST (U/L) 23.53 11.37
F_yearl5 1: 13.6%; 0: 86.4% ALT (U/L) 25.25 18.49
BMI (Kg/m?) 23.72 3.71 Smoke 1: 39.5%; 0:60.5%
SBP (mmHg) 124.53 16.34 Antihypertensive 1: 14.3%: 0:85.7%
DBP (mmHg) 77.15 11.77 Glycemic 1: 4.1%; 0: 95.9%
HDL (mg/dL) 60.61 16.29 Lipid 1: 7.3%; 0: 92.7%

SD: Standard deviation; 59,341 observations.
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Table 3. Results of Estimation (Model A).

Variable Estimate SE t-value Variable Estimate SE  t-value
Constant -3.7049  0.5425 -6.830** Weight_1 0.1064 0.0335 3.178**
Age 0.0184 0.0024  7.821** Weight_20 -0.0058 0.0375 -0.155
Female 0.1539 0.0540  2.847** Eat_Fast 0.0633 0.0331 1.913
Height 0.00235 0.00271  0.865 Late_Supper 0.0033  0.0328  0.100
Cerebrovascular 0.8649 0.1116  7.749** Night_Snack -0.0145 0.0449 -0.324
Cardiovascular 0.2107 0.0855  2.465* No_Breackfast -0.0032 0.0374 -0.084
Kidney 0.1134 0.2581 0.439 Alcohol_freq -0.0070 0.0283 -0.246
Diabetes -0.1803  0.1109 -1.627 Alcohol_amount 0.0108 0.0208 0.518
F_year14 0.0281 0.0325 0.865 Exercise 0.0199 0.0396  0.501
F_yearl5 -0.0660 0.0475 —1.389 Activity -0.0098 0.0349 -0.281
BMI —0.00021 0.00561 -0.037 Speed 0.0062 0.0314 0.198
SBP 0.00250 0.00146 1.712 Sleep -0.1033 0.0310 —3.331**
DBP —0.00237 0.00205 -1.157 Antihypertensive  0.1122  0.0428 2.625**
HDL —0.000636 0.00116 —0.547 Glycemic 0.1218 0.0937  1.300
LDL 0.000503 0.00050 1.003 Lipid 0.1023  0.0527 1.943
Triglyceride = —0.000157 0.00020 —0.800 Log likelihood -3623.4
B_Sugar 0.000389 0.00032  1.205
HbAlc -0.0154 0.0156  —0.990
U_Sugar 0.0155 0.0311 0.498
U_Protein 0.0150 0.0294 0.511
GTP 0.000221 0.00033  0.677
AST 0.001084 0.00212  0.511
ALT —-0.000145 0.00151 -0.096
Smoke -0.06142 0.0344 -1.785

SE: Standard error; *: Significant at the 5% level; **: Significant at the 1% level. 50,542 observations; 49,827:

(18, =0, IS

it+1

=0),715: (IS, =0,

IS, =1).

it+1

Table 4. Results of Estimation (Model B).

Variable Estimate SE t-value
Constant —-3.6659 0.4909 —7.467**
Age 0.0174 0.0021 8.298**
Female 0.1271 0.0485 2.621**
Height 0.0023 0.0025 0.951
Cerebrovascular 0.8750 0.0983 8.898**
Cardiovascular 0.1855 0.0768 2.416*
Kidney 0.1523 0.2243 0.679
Diabetes -0.1062 0.0956 -1.110
DOI: 10.4236/health.2020.125035 445 Health
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Continued
F_yearl4 0.0331 0.0295 1.121
F_yearl5 -0.0556 0.0449 -1.238
BMI 0.0042 0.0046 0.908
SBP 0.0011 0.0013 0.807
DBP -0.0020 0.0019 -1.060
HDL -0.0005 0.0011 —0.439
LDL 0.0005 0.0005 1.127
Triglyceride -0.0001 0.0002 —0.587
B_Sugar 0.0004 0.0003 1.367
HbAlc -0.0135 0.0142 -0.947
U_Sugar 0.0454 0.0261 1.741
U_Protein 0.0076 0.0268 0.284
GTP 0.0002 0.0003 0.736
AST 0.0017 0.0020 0.868
ALT —-0.0008 0.0014 -0.537
Smoke -0.0755 0.0308 —2.450*
Antihypertensive 0.1113 0.0388 2.866%*
Glycemic 0.1163 0.0820 1.418
Lipid 0.0986 0.0477 2.069*
Log likelihood —4288.2

SE: Standard error; *: Significant at the 5% level; **: Significant at the 1% level. 59,341 observations; 58,496:
(1S, =0,1S,,=0),845: (1S, =0, IS, =1).

it+1 it+1

Table 5. Results of Estimation (Model C).

Variable Estimate SE t-value Variable Estimate  SE t-value
Age 0.0185 0.0023  7.924** Weight_1 0.1050 0.0333 3.155**

Female 0.1542 0.0538  2.868** Weight_20 -0.0081 0.0373 -0.217

Height 0.0025 0.0027 0.937 Eat_Fast 0.0604 0.0329 1.836

Cerebrovascular ~ 0.8711 0.1094  7.963** Late_Supper 0.0082 0.0326  0.251

Cardiovascular ~ 0.2133 0.0844  2.526* Night_Snack -0.0143 0.0447 -0.321
Kidney 0.1493 0.2506 0.596 No_Breackfast -0.0066 0.0373 -0.177
Diabetes -0.1639  0.1093  -1.500 Alcohol_freq -0.0059 0.0281 -0.211
F_year14 0.0299 0.0323 0.926  Alcohol_amount  0.0096 0.0207  0.466
F_yearl5 -0.0634  0.0472 -1.342 Exercise 0.0185 0.0394  0.469
BMI 0.00011 0.0056 0.019 Activity -0.0127 0.0347 -0.364
SBP 0.00306  0.00145 2.111* Speed 0.0101 0.0312  0.324
DBP —0.00296 0.00204 -1.452 Sleep -0.0975 0.0309 -3.158**
HDL —0.00078 0.00116 —0.672 Antihypertensive  0.1206 0.0423 2.849**
LDL 0.000458 0.000499 0.917 Glycemic 0.1054 0.0928  1.136
Triglyceride —0.00015 0.00020 -0.764 Lipid 0.0948 0.0523  1.813
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Continued
B_Sugar 0.00040 0.00032 1.257 3.7794 0.4882 7.627**
HbAlc -0.0140 0.0153 -0.918 4.2929 0.4887 8.653**
U_Sugar 0.0195 0.0305 0.637 Log likelihood —-4022.834

U_Protein 0.0179 0.0290 0.615

GTP 0.0002 0.0003 0.687

AST 0.001 0.0021 0.467

ALT —-0.0002 0.0015 —-0.142

Smoke —-0.0566 0.0342 -1.656

SE: Standard error; *: Significant at the 5% level; **: Significant at the 1% level. 50,542 observations; 49,827:

(1S,=0, 1S,,=0),534: (IS, =0, N,,=1),181: (1S, =0, N,,>2).
Table 6. Results of Estimation (Model D).

Variable Estimate S.E. t-value
Age 0.0175 0.0021 8.370**
Female 0.1235 0.0483 2.558**
Height 0.00252 0.00245 1.029
Cerebrovascular 0.8899 0.0962 9.248**
Cardiovascular 0.1821 0.0761 2.393%
Kidney 0.1995 0.2171 0.919
Diabetes -0.0970 0.0945 -1.026
F_year14 0.0351 0.0293 1.195
F_yearl5 —-0.0538 0.0447 -1.204
BMI -0.0727 0.0306 -2.376*

SBP 0.0040 0.0046 0.873

DBP 0.0017 0.0013 1.243
HDL —-0.0026 0.0019 -1.370

LDL —-0.0006 0.0010 -0.529

Triglyceride 0.0005 0.0005 1.083
B_Sugar —-0.0001 0.0002 -0.563

HbAIlc 0.0004 0.0003 1.423
U_Sugar -0.0125 0.0140 -0.896

U_Protein 0.0477 0.0257 1.855

GTP 0.0095 0.0265 0.358

AST 0.0002 0.000287 0.696

ALT 0.0016 0.0020 0.795
Smoke —-0.0008 0.0014 -0.539
Antihypertensive 0.1187 0.0385 3.085**

Glycemic 0.1047 0.0813 1.288

Lipid 0.0914 0.0474 1.928

So 3.7235 0.5392 7.009**

Si 4.2286 0.5398 7.953**

Log likelihood —4765.2

SE: Standard error; *: Significant at the 5% level; **: Significant at the 1% level. 59,341 observations; 58,496:

(15,=0, N

it+1 it+1

=1S,,=0),626: (1S, =0, N

it+1

=1)and219: (1, =0, N
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were important factors to prevent ischemic stroke. In other words, the special
care should be necessary to people with these risk factors for proper treatments
of the disease.

For modifiable variables, BMI, SBP, DBP, HDL, Triglyceride, B_sugar,
HBAIlc, U_Sugar, U_Protein, GTP, AST, ALT, Smoke, Antihypertensive, Gly-
cemic and Lipid were contained in all models. Among these variables, the esti-
mates of Antihypertensive were positive and significant at the 1% level in all mod-
els. Weight_1, Weight_20, Eat_Fast, Late_Supper, Night Snack, No_Breakfast,
Alcohol_freq, Alcohol_amount and Sleep were contained in Models B and D.
The estimates of Weight_1 were positive and those of Sleep were negative and
significant at the 1% level in both models. The variables are important risk fac-
tors for ischemic among modifiable factors.

The estimates of the other nonmodifiable and modifiable variables were not
significant at the 5% level, except SBP in Model C and Lipid in Model B (positive
and significant at the 5% level), and Smoke in Model B and BMI in Model D

(negative and significant at the 5% level).

5. Discussion

Among the nonmodifiable variables, age, gender, and history of cerebrovascular
diseases are considered to be important risk factors for ischemic stroke as
pointed out by previous studies. The history of cerebrovascular diseases is con-
sidered to be an especially important factor. The t-values of Cerebrovascular
were 7.75 - 9.25, significant at any reasonable level, and the estimated values
were much larger than those of the other variables in all models. The American
Stroke Association (ASA) [42] stated that “A person who’s had one or more
transient ischemic attacks (TIAs) is almost 10 times more likely to have a stroke
than someone of the same age and sex who hasn’t.” The results of the present
study conform with this statement from the ASA. In the case of ischemic stroke
treatments, time is the most critical factor [20], and it is very important to en-
sure that medical personnel know a patient’s history of cerebrovascular diseases.
It is essential that not only the patient but also the people around the patient, in-
cluding family members, colleagues, friends and family doctors, should share
this information to help determine the treatment.

Among the modifiable variables, taking antihypertensive drugs, recent large
weight change (more than 3 kg within a year), and sleeping well are considered
to be important factors. Among these variables, recent large weight change and
sleeping well had the expected results; the former increased and the latter de-
creased ischemic stroke risks. However, taking antihypertensive drugs did not.
Hypertension was previously considered an important risk factor [41]-[46]. In
this study, the estimates of SBP and DBP became significant at the 5% level just
in one model; besides, taking antihypertensive drugs had a negative impact at
the 1% level in all four models. Although this seems to contradict the results of

previous studies, the results of Ohira ef al [46] showed that taking antihyperten-
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sive drugs was a significant risk factor in ischemic stroke subgroups as measured
by rate ratios except in one case. The results of this study are consistent with
theirs.

In November, 2017, the American College of Cardiology (ACC), AHA, and
nine other organizations presented the “2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ ASPC/NMA/PCNA Guideline for the Prevention, Detection,
Evaluation, and Management of High Blood Pressure in Adults” (hereafter the
2017 ACC/AHA Guideline) [51]. In the 2017 ACC/AHA Guideline, the new cri-
terion for hypertension was 130/80mmHg, lowered from the conventional one
of 140/90mmHg. However, other organizations such as the American Academy
of Family Physicians [52], the European Society of Cardiology and European So-
ciety of Hypertension [53], Hypertension Canada [54] [55], American Diabetes
Association [56], and the Japanese Society of Hypertension [57] decided to
maintain the diagnostic criterion of 140/90mmHg for the general public.

The 2017 ACC/AHA Guideline gave substantial weight to the Systolic Blood
Pressure Intervention Trial (SPRINT) [58]. The SPRINT was a trial involving
9361 participants with an SBP of 130 mmHg or higher and increased CVD risks
but without diabetes. The participants were randomly assigned to two groups;
one was the standard treatment group with an SBP target of 140 mmHg or less;
and the other was the intensive treatment group with an SBP target less than 120
mmHg. The average SBP at the beginning of the trial was 139.7 mmHg in both
groups. In the trial, the average numbers of antihypertensive drugs given to par-
ticipants were 1.8 and 2.8, and the reductions of SBP were 5.1 mmHg and 18.2
mmHg in the standard and intensive treatment groups, respectively. Nawata,
Sekizawa, and Kimura [59] reported that taking antihypertensive drugs would
reduce SBP by 9.2 mmHg. In this study, SBP became a significant risk only in
one model (Model C). With that model, the benefits of the reduction of SBP
were 0.0156, 0.0281 and 0.057 for the 5.1, 9.2 and 18.2 mmHg reduction cases,
respectively. On the other hand, the negative side effect of taking antihyperten-
sive drugs was 0.121, which was much larger than the benefits. Major antihyper-
tensive drugs include: angiotensin converting enzyme (ACE) inhibitors, angi-
otensin II receptor antagonists, B -blockers, calcium channel blockers, and di-
uretics [60] [61]. Any drug has side effects, and various studies have been done
about the side effects of antihypertensive drugs [62] [63] [64] [65] [66]. In addi-
tion to the side effects previously studied, this study suggests that taking antihy-
pertensive drugs might be a risk factor for ischemic stroke. In other words,
ischemic stroke could be a potential side effect, and more careful attention must
be paid when prescribing antihypertensive drugs to patients. Furthermore, it was
reported that ACE2 is related to the coronavirus infection [67] [68] [69]. These
results strongly suggest the careful usage of antihypertensive drugs. Muntner et
al. [70] declared that the 2017 ACC/AHA Guideline would increase the use of
hypertension drugs and lower the prevalence of CVD events. Like our previous
studies [71] [72] [73], this study does not support the 2017 ACC/AHA Guideline
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or Muntner’s statement.

6. Conclusions

In this study, I analyzed the risk factors for ischemic strokes. Ischemic stroke is
one of the most serious diseases in the world. Among the nonmodifiable factors,
age, gender and a history of cerebrovascular diseases were important risk factors,
as found in previous studies. The history of cerebrovascular diseases is consi-
dered to be an especially important factor. In the case of ischemic stroke treat-
ments, time is the most critical factor, and it is necessary to inform the medical
personnel of a patient’s cerebrovascular disease history as soon as possible to
ensure that proper treatments are used. Hence it is essential that not only the pa-
tient but also people around the patient, including family members, colleagues,
friends and family doctors, share the information.

Among the modifiable factors, recent large weight change, sleeping well, and
taking antihypertensive drugs were considered to be important factors. Among
these factors, the former two had the expected results; recent large weight change
increased and sleeping well decreased ischemic stroke risks. However, taking an-
tihypertensive drugs did not. Taking antihypertensive drugs increased the prob-
ability of ischemic stroke, even after considering its effect of reducing blood
pressure. This means that ischemic stroke might be a potential side effect of an-
tihypertensive drugs, and it is necessary to take great care when prescribing an-
tihypertensive drugs. Antihypertensive drugs are classified into several types,
and their mechanisms for controlling blood pressure are different. It is also ne-
cessary to determine the benefits and side effects of each drug more precisely,
including their effects on coronavirus infection through ACE2; however, these
were not analyzed in this study. For getting more precise conclusions to evaluate
different drug types, analyses using a larger dataset with a longer time-range are
necessary. These are limitations of this study and subjects to be studied in the
future, and the emergency cooperation of doctors, researchers and medical au-

thorities throughout the world is necessary.
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