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Abstract 
Background: Cerebrovascular disease is a worldwide health problem. Stroke, 
a type of cerebrovascular disease, caused by sudden loss of blood flow to parts 
of the brain, is the world’s second-leading cause of death and third-leading 
cause of disability. It is critical to analyze risk factors to prevent cerebrovas-
cular disease. Data and Methods: The risk factors for cerebrovascular disease 
were analyzed using data from 2,678,054 medical checkups obtained from the 
JMDC Claims Database. Logit models were used, and the odds ratio (OR) and 
confidence interval (CI) were calculated. The sample period was from Janu-
ary 2005 to September 2019. Results: Age and heart disease history were very 
important nonmodifiable factors. The OR comparing persons aged 70 to 
those aged 50 was 2.05 with a 95% CI of 1.92 - 2.05. A heart disease history 
was also an especially important factor (OR 2.29, 95% CI 2.18 - 2.41). Among 
the modifiable factors, triglyceride level and recent large weight change were 
very important factors, changing the risk of cerebrovascular disease by about 
30%. Other significant modifiable factors were diastolic blood pressure, urine 
protein, having breakfast, walking ability and smoking; each of these changed 
the risk of cerebrovascular disease by about 10%. Taking medications to con-
trol hypertension, hyperglycemia and hypercholesterolemia respectively in-
creased the risk of cerebrovascular disease. In particular, taking antihyperten-
sive medications nearly doubled the risk (OR 1.93, 95% CI 1.86 - 2.00). Con-
clusion: It is very important for individuals with risk factors to improve their 
physical conditions to prevent cerebrovascular disease. Taking medications to 
control blood pressure, glucose level, and cholesterol might introduce risks 
for cerebrovascular disease. Since all medications have side effects, it is ne-
cessary to carefully manage the use of these medications to minimize the 
negative side effects. Limitations: The dataset was observatory. There were 
no experimental interventions. Further, the dataset contains only information 
of Japanese individuals, and the results might differ in other countries. As the 
data comprised claims from employment-based health insurance, the dataset 
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includes no subjects aged 76 or over and relatively few aged 70 - 75. We need 
to analyze data of other countries and elderly people. 
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1. Introduction 

Cerebrovascular disease is a serious health problem worldwide. “Cerebrovascu-
lar disease” refers to a group of conditions that affect blood flow and/or blood 
vessels in the brain [1]. Cerebrovascular disease includes stroke, carotid stenosis, 
vertebral and intracranial stenosis, aneurysms, and vascular malformations [2]. 
Stroke, or sudden loss of blood flow to part of the brain, was the world’s second- 
leading cause of death [3] and the third-leading cause of disability-adjusted life 
years (DALYs) [4]. Stroke can occur due to occlusion, e.g. by a blood clot or 
other embolus that travels to the brain, or by the rupture of a blood vessel in the 
brain [5] [6]. According to GBD 2019 Stroke Collaborators [7], there were 12.2 
million incident cases of stroke, 101 million individuals who experienced stroke, 
143 million DALYs due to stroke, and 6.55 million deaths from stroke in 2019. 
The World Stroke Organization (WSO) [8] estimated the occurrence of almost 
14 million new stroke cases, 5.5 million deaths, and 116 million DALYs each 
year. The WSO also estimated that 80 million people were living with the impact 
of stroke and that 1 in 4 people age 25 would experience stroke in their lifetime.  

In the United States, cerebrovascular disease (stroke) caused 160,264 deaths, 
comprising 4.7% of all causes and 38.8 deaths per 100,000 standardized population 
[9] in 2020. Every year, more than 795,000 people had a stroke. Stroke-related 
costs in the United States came to nearly $53 billion between 2017 and 2018. 
This total included the cost of health care services, medications to treat stroke, 
and missed days of work [10] [11]. 

The types of stroke are [12] ischemic or embolic stroke caused by occlusion of 
the blood supply to the brain and hemorrhagic stroke caused by bleeding in or 
around the brain. A transient ischemic attack (TIA), also known as a mini-stroke, 
caused by temporary occlusion, is a serious warning sign of a future stroke [6]. 
The other problem of stroke is that it frequently requires long-term rehabilita-
tion [13]-[18], which causes additional medical costs and deteriorates patients’ 
quality of life (QOL). Gadidi et al. [19] studied the recovery of 139 patients who 
suffered their first-ever stroke between February 1 and March 30, 2004. At 4 
years post-stroke, 9 patients were lost to follow-up, 59 had died, and 71 were 
surviving and were reassessed. Among these patients, 42.3% had serious activity 
limitations, 28.2% were classified as somewhat restricted in activity, and 78.1% 
felt they had not completely recovered. 

Since cerebrovascular disease including stroke is a very serious problem, var-
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ious studies of the risk factors and methods for preventing and detecting cere-
brovascular disease have been done [20]-[40]. Various treatment guidelines have 
also been published [41] [42] [43] [44]. Moreover, high mortality rates have been 
reported for COVID-19 patients with cerebrovascular disease [45].  

Knowledge of risk factors is very important, not only for prevention but also 
for urgent treatment, as the etiology of stroke determines treatment. Stroke is a 
medical emergency that requires immediate treatment [17] [46] [47] and time is 
one of the most critical factors. The American Heart Association (AHA) has re-
cently developed a campaign “Stroke Target III” [48] [49] to improve treatments 
and outcomes of ischemic stroke, the most prevalent type, accounting for about 
87% of all strokes [11].  

The risk factors for stroke are classified as nonmodifiable (without your con-
trol) and modifiable (within your control). The American Stroke Association 
(ASA) [50] [51] considers age, family history, race, gender, prior stroke, TIA and 
heart attack as nonmodifiable factors whereas high blood pressure, smoking, di-
abetes, diet, physical inactivity, obesity, high blood cholesterol, artery disease, 
peripheral artery disease, atrial fibrillation and sickle cell disease as modifiable 
factors. Hankey [52] estimated that about 90% of all strokes were attributable to 
modifiable risk factors. 

In Japan, the medical cost of cerebrovascular disease in fiscal year 2019 was 
1.825 trillion yen [53]. Cerebrovascular disease caused 102,978 deaths, making it 
the fourth-leading cause of death, and they accounted for 7.5% of the nation’s 
deaths (1,372,755) in 2020 [54]. It was estimated that the number of cerebrovas-
cular disease patients in Japan was 1,182,000 in 2017 [55]. 

In the present study, the risk factors for cerebrovascular disease are reexamined 
using the JMDC Claims Database [56] including 13,157,681 medical checkups 
performed on 3,233,271 individuals between January 2005 and September 2019 
in Japan by logit (logistic regression) models. While retrospective in nature, the 
study is not strictly cross-sectional but rather designed with a unique feature, in 
that data from the year prior to cerebrovascular events/non-events are examined. 

2. Data and Models 
2.1. Data 

In Japan, the Industrial Safety and Health Act requires that most employees age 
40 or older undergo mandatory medical checkups at least once a year. Younger 
employees and family members of employees may undergo medical checkups on 
a voluntary basis. The JMDC Claims Database is the nationwide health informa-
tion database, which collects data from various health insurance societies pro-
viding employment-based health insurance. The results of 13,157,681 medical 
check-ups obtained from 3,233,271 individuals between January 2005 and Sep-
tember 2019 are included. The database tracks various heath information of in-
dividuals including histories of cerebrovascular disease.  
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The ASA [50] states that “A person who has 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.” Nawata [57] confirmed this statement; the 
probability of having an ischemic stroke in persons with a history of cerebro-
vascular disease is much higher than that in those without a cerebrovascular 
disease history. This fact makes it especially important to prevent first-time ce-
rebrovascular disease. In this study, individuals who had no cerebrovascular 
disease history at year t and had data (either positive or negative) concerning 
cerebrovascular disease at year t + 1 (i.e., the following year) are selected, and 
risk factors of experiencing first-time cerebrovascular disease are analyzed. Ex-
cluding the observations with missing values of covariates, 2,657,864 observa-
tions satisfy these criteria, and 5984 observations or 0.23% experienced cerebro-
vascular disease at year t + 1 among the total observations. 

2.2. Logit Models 

Logit models are used in the analysis. Let itCB  be a dummy variable taking 1 if 
person i had a cerebrovascular disease history by year t and 0 otherwise. From se-
lection of the sample, 0itCB =  for all observations and 1 0itCB + =  or 1 1itCB + =  
at year t + 1.  

The following variables are used in the model as nonmodifiable covariates. To 
avoid causality problems, all values of the covariates are measured at year t. 

Age: age of an individual; 
Female (dummy variable) 1 female, 0 male; 
Family (dummy variable) 1 a family member with cardiovascular disease, 0 

otherwise; 
t1 (time trend) year – 2004; 
Heart_D (dummy variable) 1 individual has a history of heart disease by year t, 

0 otherwise. 
For the modifiable covariates, the following variables are used. 
BMI (body mass index) weight (kg)/height (m)2; 
SBP (systolic blood pressure) mmHg; 
DBP (diastolic blood pressure) mmHg; 
HDL (high-density lipoprotein cholesterol blood) mg/dL; 
LDL (low-density lipoprotein cholesterol) mg/dL; 
Triglyceride (serum triglyceride level) mg/dL; 
ALT (alanine aminotransferase) units per liter (U/L); 
AST (aspartate aminotransferase) U/L; 
GGP (γ-glutamyl transferase) U/L; 
B_Sugar (blood sugar) mg/dL; 
HbA1c (hemoglobin A1c) %; 
U_Sugar (urine sugar, integers of 1 - 5) 1 undetected, 2 around 50 mg/dL, 3 

around 100 mg/dL, 4 around 250 mg/dL, 5 around 500 mg/dL or over; 
U_Protein (urine protein; integers of 1 - 5) 1 undetected, 2 around 15 mg/dL, 

3 around 30 mg/dL, 4 around 100 mg/dL, 5 250 mg/dL or over; 
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Weight_1 (dummy variable) 1 weight changed by 3 kg or more in a year, 0 
otherwise; 

Weight_20 (dummy variable) 1 weight increased by 10 kg or more from age 
20, 0 otherwise; 

Eat_Fast (dummy variable) 1 eating faster than other people, 0 otherwise; 
Late_Supper (dummy variable) 1 eating supper within two hours of bedtime 

three times or more in a week, 0 otherwise; 
No_Breakfast (dummy variable) 1 not eating breakfast three times or more in 

a week, 0 otherwise; 
Exercise (dummy variable) 1 doing exercise for 30 minutes or more twice or 

more in a week for more than a year, 0 otherwise; 
Activity (dummy variable) 1 doing physical activities (walking or equivalent) 

for one hour or more daily, 0 otherwise; 
Speed (dummy variable) 1 walking faster than other people of a similar age 

and the same gender, 0 otherwise; 
Sleep (dummy variable) 1 sleeping well, 0 otherwise; 
Alcohol_Freq (frequency of alcohol intake, integer 0 - 2) 0 never, 1 sometimes, 

2 every day; 
Alcohol_Amount (amount of alcohol intake, integer 0 - 3) 0 none, 1 drinking 

less than 180 ml of Japanese sake wine (with an alcohol percentage of about 15%) 
or equivalent alcohol per day when drinking, 2 drinking 180 - 360 ml, 3 drinking 
360 - 540 ml, 4 drinking 540 ml or more;  

Smoke (dummy variable) 1 smoking habit, 0 otherwise. 
In addition to these variables, the side effects of taking medications are of 

great interest and concern, and the following variables are considered in the 
analysis. 

M_Antihypertensive (dummy variable) 1 taking antihypertensive medications, 
0 otherwise; 

M_Glucose (dummy variable) 1 taking medications to control glucose levels 
(including insulin injections), 0 otherwise; 

M_Cholestrol (dummy variable) 1 taking medication to control cholesterol or 
triglycerides, 0 otherwise. 

The summary of these covariates is given in Table 1. We consider the obser-
vations satisfying 0itCB =  and perform an analysis using the logit model.  

Model A:  
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Table 1. Summary of covariates. 

Variable Summary Variable Summary 

 
Average SD 

  
Age 47.97 9.56 U_Protein 1: 89.41%, 2: 7.62%, 3: 2.27%, 4: 0.55%, 5: 0.14% 

Female 1: 38.1%, 0: 61.9% Weight_1 1: 25.89%, 0: 74.11% 

Family 1: 22.1%, 0: 77.9% Weight_20 1: 35.31%, 0: 64.69% 

t1 11.09 2.01 Eat_Fast 1: 32.45%, 0: 67.55% 

Heart_D 1: 1.79%, 0: 98.21% Late_Supper 1: 31.92%, 0: 68.03% 

BMI 22.97 3.65 No_Breakfast 1: 17.51%, 0: 82.49% 

SBP 119.94 16.25 Exercise 1: 21.76%, 0: 78.24% 

DBP 74.46 11.81 Activity 1: 34.98%, 0: 75.02% 

HDL 95.59 18.35 Speed 1: 45.08%, 0: 54.92% 

LDL 5.54 0.60 Sleep 1: 59.06%, 0: 40.94% 

Triglyceride 63.47 16.83 Alcohol_Freq 0: 40.94%, 1: 33.77%, 2: 25.29% 

ALT 121.87 30.85 Alcohol_Amount 0: 40.94%, 1: 22.09%, 2: 22.71%, 3: 10.54%, 4: 3.73% 

AST 108.35 85.74 Smoke 1: 25.46%, 0: 74.54% 

GGP 23.22 17.71 M_Antipertensive 1: 11.64%, 0: 88.36% 

B_Sugar 22.31 10.63 M_Glucose 1: 3.37%, 0: 96.64% 

HbA1c 38.20 45.26 M_Cholestrol 1: 7.86%, 0: 92.14% 

U_Sugar 
1: 97.80%, 2: 0.47%,  

3: 0.54%, 4: 0.40%, 5: 0.79%   

SD: Standard Deviation. 
 

where Λ is the distribution function of the logistic distribution given by  

( ) ( )
( )

exp
1 exp

Λ =
+

ω
ω

ω
. 

If there are no side effects of the medications, the coefficients of dummy va-
riables that represent taking medications become zero. All covariates are values 
at year t.  

Clearly, taking medications affects health factors. For example, taking antihy-
pertensive medications affects blood pressures. It is obvious that health factors 
affect whether an individual is taking medications or not. The problems of en-
dogeneity might occur. Hence, the reduced form model, which does not contain 
the variables of taking medications, is also considered. 
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3. Results of Estimation  

The results of the estimation are given in Table 2, and we obtained similar re-
sults in both models. Among the nonmodifiable variables, the estimates of Age 
and Heart_D were positive. The t-values were quite large, and they were signifi-
cant at any reasonable significance level. The estimates of other nonmodifiable 
variables were not significant at the 5% level. For modifiable variables, the esti-
mates of DBP, HbA1c, U_Protein and Weight_1 were positive and significant at 
the 1% level in both models. The estimates of No_Breakfast were positive and 
significant at the 1% and 5% levels in Models A and B, respectively. The estimate 
of BMI was positive and significant at 1% level in Model A. The estimates of Ex-
ercise and Weight_20 were positive and significant at the 5% level in Model A 
and Model B, respectively. On the other hand, the estimates of Triglyceride, ALT, 
Speed and Smoke were negative and significant at the 1% level in both models. 

The estimates of three dummy variables that represent taking medications were 
positive, their t-values were quite large and significant at any reasonable signific-
ance level in Model A. Especially, the estimate and t-value of M_Antihypertensive 
were 0.660 and 19.156, respectively. This might imply that taking these medica-
tions, especially for hypertension, would constitute very important risk factors 
for cerebrovascular disease, and we must consider the side effects of these medi-
cations.  

None of all other modifiable variables were significant in either Models A or B. 
 

Table 2. Results of estimation. 

 
Model A Model B 

Variable Estimate SE t-value Estimate SE t-value 

Constant −7.6470 0.2133 −35.8517 −8.8773 0.1985 −44.7263 

Age 0.0360 0.0017 21.1443 0.0473 0.0016 29.1916 

Female −0.0797 0.0443 −1.8008 −0.0831 0.0441 −1.8831 

Family −0.0914 0.0486 −1.8819 −0.0875 0.0485 −1.8035 

t1 −0.0092 0.0067 −1.3685 −0.0095 0.0067 −1.4080 

Heart_D 0.8302 0.0510 16.2782 1.0777 0.0498 21.6563 

BMI −0.0183 0.0049 −3.7233 −0.0006 0.0048 −0.1239 

SBP −0.0011 0.0013 −0.8118 0.0009 0.0013 0.6653 

DBP 0.0079 0.0018 4.2942 0.0077 0.0018 4.1637 

HDL 0.0004 0.0010 0.4502 0.0011 0.0009 1.1406 

LDL −0.0164 0.0313 −0.5244 0.0554 0.0293 1.8926 

Triglyceride −0.0037 0.0010 −3.6401 −0.0045 0.0010 −4.4520 

ALT −0.0014 0.0005 −3.0652 −0.0037 0.0004 −8.2818 

AST 0.0000 0.0002 −0.2399 0.0000 0.0002 −0.2283 

GGP −0.0007 0.0014 −0.5312 −0.0002 0.0013 −0.1120 

B_Sugar −0.0022 0.0021 −1.0455 −0.0022 0.0021 −1.0425 
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Continued 

HbA1c 0.0009 0.0003 2.9362 0.0010 0.0003 3.5477 

U_Sugar −0.0179 0.0270 −0.6629 −0.0049 0.0278 −0.1749 

U_Protein 0.0907 0.0223 4.0647 0.1290 0.0224 5.7461 

Weight_1 0.2844 0.0296 9.6210 0.2849 0.0296 9.6317 

Weight_20 0.0568 0.0326 1.7427 0.0762 0.0325 2.3445 

Eat_Fast 0.0390 0.0283 1.3757 0.0548 0.0283 1.9364 

Late_Supper 0.0251 0.0300 0.8348 0.0141 0.0300 0.4708 

No_Breakfast 0.0999 0.0370 2.7004 0.0834 0.0370 2.2565 

Exercise 0.0653 0.0324 2.0178 0.0622 0.0323 1.9228 

Activity 0.0525 0.0290 1.8080 0.0487 0.0290 1.6784 

Speed −0.1494 0.0274 −5.4521 −0.1666 0.0274 −6.0845 

Sleep −0.0288 0.0271 −1.0635 −0.0251 0.0271 −0.9258 

Alcohol_Freq −0.0366 0.0254 −1.4427 −0.0404 0.0253 −1.5993 

Alcohol_Amount −0.0001 0.0173 −0.0029 0.0080 0.0173 0.4614 

Smoke −0.1293 0.0328 −3.9478 −0.1655 0.0327 −5.0612 

M_ Antihypertensive 0.6601 0.0345 19.1563 
   

M_Glucose 0.2339 0.0605 3.8668 
   

M_Cholestrol 0.3557 0.0378 9.4153 
   

Log Likelihood 
 

−42431.65 
  

−42456.85 
 

No. of obsrvations 
0: 2651519; 1: 5980;  

total: 2,678,054 
0: 2651880; 1: 5984;  

total: 2,657,864 

SE: Standard Error. 

4. Discussion  

For an individual without a history of cerebrovascular disease, the overall prob-
ability of developing cerebrovascular disease within one year was very small, 
with a gross rate of just 0.23%. Therefore, the odds ratio (OR) and confidence 
interval (CI) are approximately equal to the probability ratio (PR) and its CI as 
shown in Appendix A. Among the nonmodifiable risk variables for cerebrovas-
cular disease, age and a history of heart disease are considered the most impor-
tant. As shown in Figure 1, the OR comparing persons aged 60 to those aged 50 
is 1.43 with a 95% CI of 1.41 - 1.46, and the OR comparing persons aged 70 to 
those aged 50 is the 2.05 with a 95% CI of 1.99 - 2.12. The risk of persons aged 70 
is almost twice as large as that of those aged 50. The OR for a heart disease his-
tory (comparing those with and without a heart disease history) is 2.29 with a CI 
of 95% 2.18 - 2.41. This means that individuals with a history of heart disease 
will have cerebrovascular disease at rates more than double those without a heart 
disease history. It is necessary for these individuals to pay special attention to 
prevention of cerebrovascular disease. Since cerebrovascular disease, especially 
stroke, is a medical emergency, it is also important to ensure that medical per-
sonnel know these facts for proper treatments. 
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Figure 1. Odds ratios and 95% confidence intervals of nonmodifia-
ble variables. 

 
Figure 2 shows the ORs and 95% CIs of the modifiable variables whose esti-

mates are significant at the 5% level in Model A, except for dummy variables 
that represent taking medications. For these variables, not only estimates but al-
so their distributions are also important. Let z be a variable of interest. When z is 
a numerical variable, the OR is calculated by comparing z and (z + one standard 
deviation). When z is a dummy variable, the OR is calculated comparing z = 0 
and 1. For U_Protein, the majority of the values are 1 or 2, so that the OR is cal-
culated comparing U_Protein = 1 and 2. Among these variables, triglyceride lev-
el (Triglyceride) and recent large weight change (3 kg or more within a year, 
Weight_1) are important factors. The OR of Triglyceride is 0.73 with a 95% CI 
of 0.67 - 0.79. The fact that a higher triglyceride level reduces the risk of cere-
brovascular disease seems inconsistent with the expected result. For example, the 
CDC [58] advises on its website to “limit foods high in saturated fat. Saturated 
fats come from animal products…” However, Sauvaget et al. [59] reported that 
higher consumption of animal fat and cholesterol appeared to reduce the risk of 
deaths from cerebral infarction in Japan. Their finding is consistent with the re-
sult of this study. The OR of Weight_1 is 1.32 with a 95% CI of 1.29 - 1.37. This 
means that recent large (≥3-kg) weight change would increase the risk of the ce-
rebrovascular disease by 30% or more, and individuals in this category should 
recognize this fact. The ORs (95% CIs) of other important variables are 1.10 
(1.07 - 1.12) for DBP, 1.09 (1.07 - 1.12) for U_Protein, 1.11 (1.06 - 1.152) for 
No_ Breakfast, 0.86 (0.84 - 0.88) for Speed, and 0.88 (0.85 - 0.91) for Smoke. The 
risks of cerebrovascular disease change about 10% by these variables. The ORs 
(95% CIs) for BMI and Exercise are 0.94 (0.92 - 0.95) and 1.07 (1.03 - 1.10), re-
spectively. The effects of ALT and HbA1c on the risks of cerebrovascular disease 
are relatively small.  

Figure 3 shows the ORs and 95% CIs of dummy variables that represent taking 
medications. The ORs (95% CIs) are 1.94 (1.86 - 2.00) for M_Antihypertensive, 
1.26 (1.19 - 1.34) for M_Glucose and 1.42 (1.36 - 1.48) for M_Cholesterol. These 
results may imply that taking these medications would increase the risk of cere-
brovascular disease. Especially, taking antihypertensive medications almost doubles  

1 1.5 2 2.5

Age 50 vs 
Age 60

Age 50 vs
Age 70

Heart_D

odds ratio
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Figure 2. Odds ratios and 95% confidence intervals of modifiable 
variables. 

 

 
Figure 3. Odds ratios and 95% confidence intervals of dummy va-
riables taking medications. 

 
the risk of cerebrovascular disease; this conforms with the results of Nawata [57]. 
The results of this study suggest that every 10-mmHg increment of DBP in-
creases the risk of cerebrovascular disease by 10%; however, the negative side ef-
fects of antihypertensive medications are much greater. All medications have 
risks [58], and various studies have been done about the side effects of antihy-
pertensive drugs [60]-[64]. There are several types of antihypertensive medica-
tions [65] [66]. It is necessary to explore this finding in greater detail and man-
age antihypertension therapy carefully so as to minimize the negative side effects 
of treatment [67]-[71]. 

Although the effects are not as large as those of antihypertensive medications, 
medications controlling glucose and cholesterol levels would increase the risk of 
cerebrovascular disease. Hence, the side effects of these medications should also 
be carefully considered when prescribing these medications. 

5. Conclusions  

In this study, we analyzed the risk factors for cerebrovascular disease using data 
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from 2,678,054 medical checkups obtained from the JMDC Claims Database. 
The sample period was from January 2005 to September 2019. Cerebrovascular 
disease is a very serious problem in the world. Logit models were used in the 
analysis. The data of individuals who had no history of cerebrovascular disease at 
year t and had information (either positive or negative) at the next year (i.e., year 
t + 1) were analyzed. Among the nonmodifiable factors, age and a history of 
heart disease are important risk factors. The risk of persons aged 70 is almost 
twice as large as that of those aged 50. A heart disease history is also an especially 
important factor; the risk more than doubles. Therefore, individuals with a his-
tory of heart disease must pay careful attention to prevent cerebrovascular dis-
ease. 

Among the modifiable factors, triglyceride level and recent large weight 
change are very important factors, and they change the risk of cerebrovascular 
disease about 30%. DBP, U_Protein, No_Breakfast, Speed and Smoke are other 
important modifiable factors, which change the risk of cerebrovascular disease 
by about 10%. Taking medications for hypertension, hyperglycemia or hyper-
cholesterolemia also statistically increases the risks of cerebrovascular disease. In 
particular, taking antihypertensive medications almost doubles the risk. All me-
dications have side effects, and it is necessary to manage these medications care-
fully to minimize negative side effects.  

As the dataset comprises health checkups of workers in Japan, it does not in-
clude individuals age 76 or over and includes relatively few individuals in their 
early 70s, especially those too feeble to work. Age is a critical factor for cerebro-
vascular disease, and it is necessary to collect the data of old individuals. The me-
dications are not evaluated by pharmacological class, and more useful data might 
be obtained by doing so. Finally, the dataset contains only information of Japa-
nese individuals, so that potential effects of ethnicity on cerebrovascular disease 
are not considered. The results might be different in other countries or regions. 
These are subjects for future study. 

Acknowledgements 

This study is a part of the research project “Basic research for exploring the ideal 
medical intervention after the advent of the new coronavirus” at the Research 
Institute of Economy, Trade and Industry (RIETI). The JMDC Claims Database 
was purchased by RIETI from the JMDC Cooperation for the project. The au-
thor would like to thank the project leader, Yoichi Sekizawa, for his very helpful 
cooperation. The author would also like to thank an anonymous referee for 
his/her helpful comments and suggestions. This study was approved by the In-
stitutional Review Boards of Hitotsubashi University.  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

https://doi.org/10.4236/health.2022.148061


K. Nawata 
 

 

DOI: 10.4236/health.2022.148061 877 Health 
 

References 
[1] University of Michigan Health (2022) Cerebrovascular Disease.  

https://www.uofmhealth.org/conditions-treatments/brain-neurological-conditions/
cerebrovascular  

[2] American Association of Neurological Surgeons (2022) Cerebrovascular Disease.  
https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Cerebro
vascular-Disease  

[3] World Health Organization (2020) The Top 10 Causes of Death. 
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death  

[4] GDB 2017 DALYs and HALE Contributors (2018) Global, Regional, and National 
Disability-Adjusted Life-Years (DALYs) for 359 Diseases and Injuries and Healthy 
Life Expectancy (HALE) for 195 Countries and Territories, 1990-2017: A Systematic 
Analysis for the Global Burden of Disease Study 2017. Lancet, 392, 1859-922.  
https://doi.org/10.1016/S0140-6736(18)32335-3  

[5] American Stroke Association (ASA) (2022) About the Stroke. 
https://www.stroke.org/en/about-stroke  

[6] Centers for Diseases Control and Prevention (CDC) (2022) About Stroke.  
https://www.cdc.gov/stroke/about.htm  

[7] GBD 2019 Stroke Collaborators (2021) Global, Regional, and National Burden of 
Stroke and Its Risk Factors, 1990-2019: A Systematic Analysis for the Global Burden 
of Disease Study 2019. Lancet Neurology, 20, 795-820.  
https://doi.org/10.1016/S1474-4422(21)00252-0  

[8] World Stroke Association (WSA) (2020) Annual Report 2020. World Stroke Asso-
ciation, Geneve. https://www.world-stroke.org/about-wso/annual-reports  

[9] National Center for Health Statistics (NCHS) (2021) Mortality in the United States, 
2020. NCHS Data Brief, No. 427.  
https://www.cdc.gov/nchs/data/databriefs/db427-tables.pdf#4  

[10] Tsao, C.W., Aday, A.W., Almarzooq, Z.I., Alonso, A., Beaton, A.Z., Bittencourt, 
M.S., et al. (2022) Heart Disease and Stroke Statistics—2022 Update: A Report from 
the American Heart Association. Circulation, 145, e153-e639.  
https://doi.org/10.1161/CIR.0000000000001052  

[11] Centers for Disease Control and Prevention (CDC) (2022) Stroke Facts.  
https://www.cdc.gov/stroke/facts.htm  

[12] American Stroke Association (2022) Types of Stroke and Treatment.  
https://www.stroke.org/en/about-stroke/types-of-stroke  

[13] Langhorne, P., Bernhardt, J. and Kwakke, G. (2011) Stroke Rehabilitation. Lancet, 
377, 1693-702. https://doi.org/10.1016/S0140-6736(11)60325-5  

[14] Winstein, C.J., Stein, J., Arena, R., Bates, B., Cherney, L.R., Cramer, S.C., et al. 
(2016) Guidelines for Adult Stroke Rehabilitation and Recovery: A Guideline for 
Healthcare Professionals from the American Heart Association/American Stroke 
Association. Stroke, 47, e98-e169. https://doi.org/10.1161/str.0000000000000098  

[15] Gittler, M. and Davis, A.M. (2018) Guidelines for Adult Stroke Rehabilitation and 
Recovery. Journal of American Medical Association, 319, 820-821.  
https://doi.org/10.1001/jama.2017.22036  

[16] Stein, J., Katz, D.I., Schaffer, M.B., Cramer, S.C., Deutsch, A.F., Harvey, R.L., et al. 
(2021) Clinical Performance Measures for Stroke Rehabilitation Performance Meas-
ures from the American Heart Association/American Stroke Association. Stroke, 
52, e675-e700. https://doi.org/10.1161/str.0000000000000388  

https://doi.org/10.4236/health.2022.148061
https://www.uofmhealth.org/conditions-treatments/brain-neurological-conditions/cerebrovascular
https://www.uofmhealth.org/conditions-treatments/brain-neurological-conditions/cerebrovascular
https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Cerebrovascular-Disease
https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Cerebrovascular-Disease
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1016/S0140-6736(18)32335-3
https://www.stroke.org/en/about-stroke
https://www.cdc.gov/stroke/about.htm
https://doi.org/10.1016/S1474-4422(21)00252-0
https://www.world-stroke.org/about-wso/annual-reports
https://www.cdc.gov/nchs/data/databriefs/db427-tables.pdf%234
https://doi.org/10.1161/CIR.0000000000001052
https://www.cdc.gov/stroke/facts.htm
https://www.stroke.org/en/about-stroke/types-of-stroke
https://doi.org/10.1016/S0140-6736(11)60325-5
https://doi.org/10.1161/str.0000000000000098
https://doi.org/10.1001/jama.2017.22036
https://doi.org/10.1161/str.0000000000000388


K. Nawata 
 

 

DOI: 10.4236/health.2022.148061 878 Health 
 

[17] National Institute of Neurological Disorders and Stroke (2022) Post-Stroke Rehabil-
itation Fact Sheet.  
https://www.ninds.nih.gov/health-information/patient-caregiver-education/fact-she
ets/post-stroke-rehabilitation-fact-sheet  

[18] Johns Hopkins Medicine (2022) Rehabilitation for Stroke.  
https://www.hopkinsmedicine.org/health/conditions-and-diseases/stroke/rehabilitat
ion-for-stroke  

[19] Gadidi, V., Katz-Leurer, M., Carmeli, E. and Bornstein, N.M. (2011) Long-Term Out-
come Posts Stroke. Archives of Physical Medicine and Rehabilitations, 92, 1802-1808.  
https://doi.org/10.1016/j.apmr.2011.06.014  

[20] Boehme, A.K., Esenwa, C. and Elkind, M.S.V. (2017) Stroke Risk Factors, Genetics, 
and Prevention. Circulation Research, 120, 472-495.  
https://doi.org/10.1161/CIRCRESAHA.116.308398  

[21] Alloubania, A., Salehb, A. and Abdelhafizc, I. (2018) Hypertension and Diabetes 
Mellitus as a Predictive Risk Factors for Stroke. Diabetes & Metabolic Syndrome: 
Clinical Research & Reviews, 12, 577-584. https://doi.org/10.1016/j.dsx.2018.03.009  

[22] Jackson, C.A., Sudlow, C.L.M. and Mishra, G.D. (2018) Education, Sex and Risk of 
Stroke: A Prospective Cohort Study in New South Wales, Australia. BMJ Open, 8, 
Article ID: e024070. https://doi.org/10.1136/bmjopen-2018-024070  

[23] Long, D.L., Howard, G., Long, D.M., Judd, S., Manly, J.J., McClure, L.A., et al. (2019) 
An Investigation of Selection Bias in Estimating Racial Disparity in Stroke Risk Fac-
tors The REGARDS Study. American Journal of Epidemiology, 188, 587-597.  
https://doi.org/10.1093/aje/kwy253  

[24] Teh, W.L., Abdin, E. and Vaingankar, J.A. (2018) Prevalence of Stroke, Risk Factors, 
Disability and Care Needs in Older Adults in Singapore: Results from the WiSE 
Study. BMJ Open, 8, Article ID: e020285.  
https://doi.org/10.1136/bmjopen-2017-020285  

[25] El Nahas, N.M., Shokri, H.M., Roushdy, T.M., Aref, H.M., Hamed, S.M., Shalash, 
A.S., et al. (2019) Urban Versus Rural Egypt: Stroke Risk Factors and Clinical Pro-
file: Cross-Sectional Observational Study. Journal of Stroke and Cerebrovascular 
Diseases, 28, Article ID: 104316.  
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104316  

[26] Javor, A., Ferrari, J., Posekany, A. and Asenbaum-Nan, S. (2019) Stroke Risk Factors 
and Treatment Variables in Rural and Urban Austria: An Analysis of the Austrian 
Stroke Unit Registry. PLOS ONE, 14, Article ID: e0214980.  
https://doi.org/10.1371/journal.pone.0214980  

[27] Mackie, P., Weerasekara, I., Crowfoot, G., Janssen, H., Holliday, E., Dunstan, D., et 
al. (2019) What Is the Effect of Interrupting Prolonged Sitting with Frequent Bouts 
of Physical Activity or Standing on First or Recurrent Stroke Risk Factors? A Scop-
ing Review. PLOS ONE, 14, Article ID: e0217981.  
https://doi.org/10.1371/journal.pone.0217981  

[28] Li, X., Bian, D., Yu, J., Li, M. and Zhao, D. (2019) Using Machine Learning Models 
to Improve Stroke Risk Level Classification Methods of China National Stroke 
Screening. BMC Medical Informatics and Decision Making, 19, Article No. 261.  
https://doi.org/10.1186/s12911-019-0998-2  

[29] Singer J., Gustafson, D., Cummings, C., Egelko, A., Mlabasati, J., Conigliaro, A., et 
al. (2019) Independent Ischemic Stroke Risk Factors in Older Americans: A Syste-
matic Review. Ageing, 11, 3392-3407. https://doi.org/10.18632/aging.101987  

https://doi.org/10.4236/health.2022.148061
https://www.ninds.nih.gov/health-information/patient-caregiver-education/fact-sheets/post-stroke-rehabilitation-fact-sheet
https://www.ninds.nih.gov/health-information/patient-caregiver-education/fact-sheets/post-stroke-rehabilitation-fact-sheet
https://www.hopkinsmedicine.org/health/conditions-and-diseases/stroke/rehabilitation-for-stroke
https://www.hopkinsmedicine.org/health/conditions-and-diseases/stroke/rehabilitation-for-stroke
https://doi.org/10.1016/j.apmr.2011.06.014
https://doi.org/10.1161/CIRCRESAHA.116.308398
https://doi.org/10.1016/j.dsx.2018.03.009
https://doi.org/10.1136/bmjopen-2018-024070
https://doi.org/10.1093/aje/kwy253
https://doi.org/10.1136/bmjopen-2017-020285
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104316
https://doi.org/10.1371/journal.pone.0214980
https://doi.org/10.1371/journal.pone.0217981
https://doi.org/10.1186/s12911-019-0998-2
https://doi.org/10.18632/aging.101987


K. Nawata 
 

 

DOI: 10.4236/health.2022.148061 879 Health 
 

[30] Dharma, K. and Parellangi, K. (2020) Use of Mobile-Stroke Risk Scale and Lifestyle 
Guidance Promote Healthy Lifestyles and Decrease Stroke Risk Factors. Interna-
tional Journal of Nursing Sciences, 7, 401-407.  
https://doi.org/10.1016/j.ijnss.2020.08.001  

[31] George, M.G. (2020) Risk Factors for Ischemic Stroke in Younger Adults, a Focused 
Update. Stroke, 51, 729-735. https://doi.org/10.1161/STROKEAHA.119.024156  

[32] Jamthikar A., Gupta, D., Khanna, N.N., Saba, L., Laird, J.R. and Suri, J.S. (2020) 
Cardiovascular/Stroke Risk Prevention: A New Machine Learning Framework Inte-
grating Carotid Ultrasound Image-Based Phenotypes and its Harmonics with Con-
ventional Risk Factors. Indian Heart Journal, 72, 258-264  
https://doi.org/10.1016/j.ihj.2020.06.004  

[33] Schindler, A., Schinner, R., Altaf, N., Hosseini, A.A., Simpson, R.J., Esposito-Bauer, L., 
et al. (2020) Prediction of Stroke Risk by Detection of Hemorrhage in Carotid Plaques 
Meta-Analysis of Individual Patient Data. JACC: Cardiovascular IMAGING, 13, 
395-406. https://doi.org/10.1016/j.jcmg.2019.03.028  

[34] Abate, T.W., Zeleke, B., Genanew, A. and Abate, B.W. (2021) The Burden of Stroke 
and Modifiable Risk Factors in Ethiopia: A Systemic Review and Meta-Analysis. 
PLOS ONE, 16, Article ID: e0259244. https://doi.org/10.1371/journal.pone.0259244  

[35] Al-Gibbawi, M., Ayinde, H.O., Bhatia, N.K., El-Chami, M.F., Westerman, S.B., 
Leon, A.R., et al. (2021) Relationship between Device-Detected Burden and Dura-
tion of Atrial Fibrillation and Risk of Ischemic Stroke. Heart Rhythm, 18, 338-346.  
https://doi.org/10.1016/j.hrthm.2020.10.017  

[36] Griñán, K., Arboix, A., Massons, J., Díez, L., Vergés, E., Gil, F., et al. (2021) Car-
dioembolic Stroke: Risk Factors, Clinical Features, and Early Outcome in 956 Con-
secutive Patients. Revista de Investigación Clínica, 73, 23-30.  
https://doi.org/10.24875/RIC.20000227  

[37] Kezerle, L., Tsadok, M.A., Akriv, A., Senderey, A.B., Bachrach, A., Leventer-Roberts, 
M., et al. (2021) Pre-Diabetes Increases Stroke Risk in Patients with Nonvalvular 
Atrial Fibrillation. Journal of the American College of Cardiology, 77, 875-884.  
https://doi.org/10.1016/j.jacc.2020.12.030  

[38] Chen, J., Zhu, Q., Yu, L., Li, Y., Jia, S. and Zhang, J. (2022) Stroke Risk Factors of 
Stroke Patients in China: A Nationwide Community-Based Cross-Sectional Study. 
International Journal of Environmental Research and Public Health, 19, Article No. 
4807. https://doi.org/10.3390/ijerph19084807  

[39] Frerich, S., Malik, R., Georgakis, M.K., Sinner, M.F., Kittner, S.J., Mitchell, B.D., et 
al. (2022) Cardiac Risk Factors for Stroke: A Comprehensive Mendelian Randomi-
zation Study. Stroke, 53, e130-e135.  
https://doi.org/10.1161/STROKEAHA.121.036306  

[40] Hsieh, M., Hsieh, C., Tsai, T. and Sung, S.F. (2022) Validation of Stroke Risk Fac-
tors in Patients with Acute Ischemic Stroke, Transient Ischemic Attack, or Intrace-
rebral Hemorrhage on Taiwan’s National Health Insurance Claims Data. Clinical 
Epidemiology, 14, 327-335. https://doi.org/10.2147/CLEP.S353435  

[41] Meschia, J.F., Bushnell, C., Boden-Albala, B., Braun, L.T., Bravata, D.M., Chaturve-
di, S., et al. (2014) Guidelines for the Primary Prevention of Stroke A Statement for 
Healthcare Professionals from the American Heart Association/American Stroke 
Association. Stroke, 45, 3754-3832. https://doi.org/10.1161/STR.0000000000000046  

[42] Powers, W.J., Rabinstein, A.A., Ackerson, T., Adeoye, O.M., Bambakidis, N.C., Beck-
er, K., et al., on behalf of the American Heart Association Stroke Council (2018) 
2018 Guidelines for the Early Management of Patients with Acute Ischemic Stroke: 

https://doi.org/10.4236/health.2022.148061
https://doi.org/10.1016/j.ijnss.2020.08.001
https://doi.org/10.1161/STROKEAHA.119.024156
https://doi.org/10.1016/j.ihj.2020.06.004
https://doi.org/10.1016/j.jcmg.2019.03.028
https://doi.org/10.1371/journal.pone.0259244
https://doi.org/10.1016/j.hrthm.2020.10.017
https://doi.org/10.24875/RIC.20000227
https://doi.org/10.1016/j.jacc.2020.12.030
https://doi.org/10.3390/ijerph19084807
https://doi.org/10.1161/STROKEAHA.121.036306
https://doi.org/10.2147/CLEP.S353435
https://doi.org/10.1161/STR.0000000000000046


K. Nawata 
 

 

DOI: 10.4236/health.2022.148061 880 Health 
 

A Guideline for Healthcare Professionals from the American Heart Association/ 
American Stroke Association. Stroke, 49, e46-e110.  
https://doi.org/10.1161/str.0000000000000158  

[43] Arnett, D.K., Blumenthal, R.S., Albert, M.A., Buroker, A.B., Goldberger, Z.D., Hahn, 
E.J., et al. (2019) 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovas-
cular Disease A Report of the American College of Cardiology/American Heart Asso-
ciation Task Force on Clinical Practice Guidelines. Circulation, 140, e596-e646.  
https://doi.org/10.1161/cir.0000000000000678  

[44] Powers, W.J., Rabinstein, A.A., Ackerson, T., Adeoye, O.M., Bambakidis, N.C., Beck-
er, K., et al., on behalf of the American Heart Association Stroke Council (2019) 
Guidelines for the Early Management of Patients with Acute Ischemic Stroke: 2019 
Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke: 
A Guideline for Healthcare Professionals from the American Heart Associa-
tion/American Stroke Association. Stroke, 50, e344-e418.  
https://doi.org/10.1161/str.0000000000000211  

[45] Tsivgoulis, G., Palaiodimou, L., Zand, R., Lioutas, V.A., Krogias, C., Katsanos, A.H., 
et al. (2020) COVID-19 and Cerebrovascular Diseases: a Comprehensive Overview. 
Therapeutic Advances in Neurological Disorders, 13, 1-18.  
https://doi.org/10.1177/1756286420978004  

[46] American Association of Neurological Surgeons (2022) Stroke.  
https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Stroke  

[47] Centers for Disease Control and Prevention (2022) Treat and Recover from Stroke.  
https://www.cdc.gov/stroke/treatments.htm?msclkid=1392e9f7d0f611ecbb846609ab
e06522  

[48] American Heart Association (AHA) (2019) Phase III Target. American Heart Asso-
ciation, Dallas. 
https://www.heart.org/-/media/Files/Professional/Quality-Improvement/Target-Str
oke/Target-Stroke-Phase-III/TS-Phase-III-5-6-19/FINAL5619-Target-Stroke-Phase
-3-Brochure.pdf  

[49] American Heart Association (AHA) (2022) Target: Stroke Phase III.  
https://www.heart.org/en/professional/quality-improvement/target-stroke/introduc
ing-target-stroke-phase-iii  

[50] American Stroke Association (ASA) (2021) Risk Factors Not within Your Control.  
https://www.stroke.org/en/about-stroke/stroke-risk-factors/stroke-risk-factors-not-
within-your-control  

[51] American Stroke Association (ASA) (2021) Risk Factors under Your Control.  
https://www.stroke.org/en/about-stroke/stroke-risk-factors/risk-factors-under-your
-control  

[52] Hankey, G.J. (2020) Population Impact of Potentially Modifiable Risk Factors for 
Stroke. Stroke, 51, 719-728. https://doi.org/10.1161/STROKEAHA.119.024154  

[53] Ministry of Health, Labour and Welfare (2021) Reiwa ichi nendo kokumin iryouhi 
no gaikyou (Summary of National Medical Expenditures in Fiscal Year 2019). Min-
istry of Health, Labour and Welfare, Tokyo. (In Japanese). 

[54] Ministry of Health, Labour and Welfare (2022) Reiwa 2 nen jinnkou soutai toukei 
no gaikyou (Summary of Demographic Statistics in 2020). Ministry of Health, La-
bour and Welfare, Tokyo. (In Japanese). 

[55] Ministry of Health, Labour and Welfare (2019) Heisei 29 nen kanja chousa no gai-
kyou (Summary of the Patient Survey in 2017). Ministry of Health, Labour and 
Welfare, Tokyo. (In Japanese). 

https://doi.org/10.4236/health.2022.148061
https://doi.org/10.1161/str.0000000000000158
https://doi.org/10.1161/cir.0000000000000678
https://doi.org/10.1161/str.0000000000000211
https://doi.org/10.1177/1756286420978004
https://www.aans.org/Patients/Neurosurgical-Conditions-and-Treatments/Stroke
https://www.cdc.gov/stroke/treatments.htm?msclkid=1392e9f7d0f611ecbb846609abe06522
https://www.cdc.gov/stroke/treatments.htm?msclkid=1392e9f7d0f611ecbb846609abe06522
https://www.heart.org/-/media/Files/Professional/Quality-Improvement/Target-Stroke/Target-Stroke-Phase-III/TS-Phase-III-5-6-19/FINAL5619-Target-Stroke-Phase-3-Brochure.pdf
https://www.heart.org/-/media/Files/Professional/Quality-Improvement/Target-Stroke/Target-Stroke-Phase-III/TS-Phase-III-5-6-19/FINAL5619-Target-Stroke-Phase-3-Brochure.pdf
https://www.heart.org/-/media/Files/Professional/Quality-Improvement/Target-Stroke/Target-Stroke-Phase-III/TS-Phase-III-5-6-19/FINAL5619-Target-Stroke-Phase-3-Brochure.pdf
https://www.heart.org/en/professional/quality-improvement/target-stroke/introducing-target-stroke-phase-iii
https://www.heart.org/en/professional/quality-improvement/target-stroke/introducing-target-stroke-phase-iii
https://www.stroke.org/en/about-stroke/stroke-risk-factors/stroke-risk-factors-not-within-your-control
https://www.stroke.org/en/about-stroke/stroke-risk-factors/stroke-risk-factors-not-within-your-control
https://www.stroke.org/en/about-stroke/stroke-risk-factors/risk-factors-under-your-control
https://www.stroke.org/en/about-stroke/stroke-risk-factors/risk-factors-under-your-control
https://doi.org/10.1161/STROKEAHA.119.024154


K. Nawata 
 

 

DOI: 10.4236/health.2022.148061 881 Health 
 

[56] JMDC (2022) JMDC Claims Database.  
https://www.jmdc.co.jp/en/jmdc-claims-database/  

[57] Nawata, K. (2020) Risk Factors Affecting Ischemic Stroke: Potential Side Effect of 
Antihypertensive Drugs. Health, 12, 437-455.  
https://doi.org/10.4236/health.2020.125035  

[58] Centers for Disease Control and Prevention (2021) Preventing High Cholesterol.  
https://www.cdc.gov/cholesterol/prevention.htm  

[59] Sauvaget, C., Nagano, J., Hayashi, M. and Yamada, M. (2004) Animal Protein, An-
imal Fat, and Cholesterol Intakes and Risk of Cerebral Infarction Mortality in the 
Adult Health Study. Stroke, 35, 1531-1537.  
https://doi.org/10.1161/01.STR.0000130426.52064.09  

[60] Centers for Disease Control and Prevention (2021) Blood Pressure Medicines.  
https://www.cdc.gov/bloodpressure/medicines.htm#:~:text=Blood%20pressure%20
medicines%20can%20keep,heart%20beat%20with%20less%20force  

[61] Tedla, Y.G. and Bautista, L.E. (2016) Drug Side Effect Symptoms and Adherence to 
Antihypertensive Medication. American Journal of Hypertension, 29, 772-779.  
https://doi.org/10.1093/ajh/hpv185  

[62] Boutari, C., Stavropoulos, K., Imprialos, K.P., Petidis, K. and Doumas, M. (2016) 
Antihypertensive Drug-Related Side Effects: Is It the Unique Indicator for Nonad-
herence? American Journal of Hypertension, 29, 662.  
https://doi.org/10.1093/ajh/hpw024  

[63] Traylor, K., Gurgle, H. and Brockbank, J. (2018) Antihypertensive Drugs. In: Ray, 
S., Ed., Side Effects of Drugs Annual, Vol. 40, Elsevier, Amsterdam, Chapter 20, 
263-267. 

[64] Gill, K., Georgakis, M.K., Koskeridis, F., Jiang, L., Feng, Q., Wei, W.Q., et al. (2019) 
Use of Genetic Variants Related to Antihypertensive Drugs to Inform on Efficacy 
and Side Effects. Circulation, 140, 270-279.  
https://doi.org/10.1161/CIRCULATIONAHA.118.038814  

[65] American Heart Association (AHA) (2022) Types of Blood Pressure Medications.  
https://www.heart.org/en/health-topics/high-blood-pressure/changes-you-can-mak
e-to-manage-high-blood-pressure/types-of-blood-pressure-medications  

[66] National Health Service (NHS) (2019) Treatment: High Blood Pressure (Hyperten-
sion). https://www.nhs.uk/conditions/high-blood-pressure-hypertension/treatment/  

[67] Harvard Heath Publishing (2020) Controlling Blood Pressure with Fewer Side Ef-
fects. Harvard Medical School. 
https://www.health.harvard.edu/heart-health/controlling-blood-pressure-with-fewe
r-side-effects  

[68] Stuart, A. (2021) Side Effects of High Blood Pressure Medications. WebMed.  
https://www.webmd.com/hypertension-high-blood-pressure/guide/side-effects-hig
h-blood-pressure-medications  

[69] Sheppard, J.P., Burt, J., Lown, M., Temple, E., Lowe, R., Fraser, R., et al. (2020) Ef-
fect of Antihypertensive Medication Reduction vs Usual Care on Short-Term Blood 
Pressure Control in Patients with Hypertension Aged 80 Years and Older; The 
OPTIMISE Randomized Clinical Trial. Journal of American Medical Association, 
323, 2039-2051. https://doi.org/10.1001/jama.2020.4871  

[70] Mann, J.F.E. (2021) Patient Education: High Blood Pressure Treatment in Adults 
(Beyond the Basics). UpToDate.  
https://www.uptodate.com/contents/high-blood-pressure-treatment-in-adults-beyo
nd-the-basics  

https://doi.org/10.4236/health.2022.148061
https://www.jmdc.co.jp/en/jmdc-claims-database/
https://doi.org/10.4236/health.2020.125035
https://www.cdc.gov/cholesterol/prevention.htm
https://doi.org/10.1161/01.STR.0000130426.52064.09
https://www.cdc.gov/bloodpressure/medicines.htm%23:%7E:text=Blood%20pressure%20medicines%20can%20keep,heart%20beat%20with%20less%20force
https://www.cdc.gov/bloodpressure/medicines.htm%23:%7E:text=Blood%20pressure%20medicines%20can%20keep,heart%20beat%20with%20less%20force
https://doi.org/10.1093/ajh/hpv185
https://doi.org/10.1093/ajh/hpw024
https://doi.org/10.1161/CIRCULATIONAHA.118.038814
https://www.heart.org/en/health-topics/high-blood-pressure/changes-you-can-make-to-manage-high-blood-pressure/types-of-blood-pressure-medications
https://www.heart.org/en/health-topics/high-blood-pressure/changes-you-can-make-to-manage-high-blood-pressure/types-of-blood-pressure-medications
https://www.nhs.uk/conditions/high-blood-pressure-hypertension/treatment/
https://www.health.harvard.edu/heart-health/controlling-blood-pressure-with-fewer-side-effects
https://www.health.harvard.edu/heart-health/controlling-blood-pressure-with-fewer-side-effects
https://www.webmd.com/hypertension-high-blood-pressure/guide/side-effects-high-blood-pressure-medications
https://www.webmd.com/hypertension-high-blood-pressure/guide/side-effects-high-blood-pressure-medications
https://doi.org/10.1001/jama.2020.4871
https://www.uptodate.com/contents/high-blood-pressure-treatment-in-adults-beyond-the-basics
https://www.uptodate.com/contents/high-blood-pressure-treatment-in-adults-beyond-the-basics


K. Nawata 
 

 

DOI: 10.4236/health.2022.148061 882 Health 
 

[71] Villafuerte, F.U., Cànaves, J.L., Montalvo, P.L., Moreno, S.M.L., Oliver, O.B., Bas-
sante, F.P., et al. (2020) Effectiveness of a Multifactorial Intervention, Consisting of 
Self-Management of Antihypertensive Medication, Self-Measurement of Blood Pres-
sure, Hypocaloric and Low Sodium Diet, and Physical Exercise, in Patients with Un-
controlled Hypertension Taking 2 or More Antihypertensive Drugs: The MEDICHY 
Study. Medicine, 99, Article ID: e19769.  
https://doi.org/10.1097/md.0000000000019769 

 
 
 
 
 

Appendix A. Odds Ratio and Percentage Ratio 

Let z be the variable which we want to know the effect on the probability and x 
be a vector of other variables. Suppose that z takes two different values z1 and z2 
(the values of x are the same in both cases). Let Y be a binary variable in which 
Y=1 if the objective incident occurs (in this case, having cerebrovascular disease) 
and Y=0 otherwise. Define [ ]0 10 | ,p P Y x z= =  and [ ]1 11 | ,p P Y x z= = . From 
the definition of the logistic distribution, the log of odds is calculated by 

( ) 1
1 1

0

ˆ ˆlog log
pOD x z
p

 
′= = + 

 
β γ .                   (3) 

When 1p  is small enough (i.e., 1 0p p ), 

( ){ } ( )

( ) ( ) ( )

21 1
1 1 1
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p p
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   
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= + ≈

            (4) 

Let [ ]*
0 20 | ,p P Y x z= =  and [ ]*

1 21 | ,p P Y x z= = . If *
1p  is small enough, 

we get  

( ) ( )
*

*1
2 2 1*

2

ˆ ˆlog log log
pOD x z p
p

 
′= = + ≈ 

 
β γ .              (5) 

From (3), (4) and (5),  

( ) ( ) ( )*
1 1 1 2ˆlog logp p z z− ≈ −γ .                   (6) 

The probability ratio (PR) and its variance are obtained by 

( ){ }1 1
1 2*

21

ˆexp
p ODPR OR z z

ODp
= ≈ = = −γ , and            (7) 

( ) ( ) ( ) ( ){ }{ }2

1 2 1 2ˆ ˆexpV PR V z z z z≈ − −γ γ . 

When values of 1p  and *
1p  are sufficiently small, we can approximately use 

the same formulas of the OR for the PR. 
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