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Abstract
Background In Japan, workers receive a health checkup annually, and based on the results, a follow-up health guidance or 
intervention is provided when deemed necessary. However, it remains unclear whether the current real-world health checkup 
and guidance programs in Japan successfully lead to behavioral changes or improvement of clinical outcomes in individuals 
who require cardiovascular (CV) risk management.
Objective This study aimed to explore the association between health checkup and the subsequent behavior change in CV 
risk management in subjects with uncontrolled blood pressure (BP) without antihypertensive drug prescription, who can 
have increased risk of CV events.
Patients and Methods This was a retrospective cohort study that used health-checkup and claims data from a Japanese 
healthcare database managed by MinaCare Co., Ltd. Of those aged 20–74 years with available data on systolic and diastolic 
BP from 2015 to 2017, data from individuals with uncontrolled BP who were not prescribed antihypertensive drugs within 
6 months before their baseline health checkup in 2015 were extracted and analyzed. The primary outcome measures were 
changes in antihypertensive drug prescription and BP control status based on health-checkup results from the baseline year 
(2015) to 2017. CV risk-management behavior was also assessed using body mass index (BMI) and smoking status, as these 
are the major modifiable CV risk factors.
Results Among 39,242 subjects with uncontrolled BP without antihypertensive drug prescription at baseline, 88.9% remained 
without prescription in 2016. Of the subjects without prescription, 62.9% continued to have uncontrolled BP. Both statuses 
of the major modifiable CV risk factors remained unchanged in 2016: 92.1% of obese subjects (BMI ≥ 25 kg/m2) at baseline 
remained obese, and 93.8% of smokers at baseline aged ≥ 40 years continued to smoke. Logistic regression analysis revealed 
that age 60–69 years (vs. 40–49 years), hypertension (HT) stage II (vs. stage I), HT stage III (vs. stage I), and BMI ≥ 25.0 kg/
m2 (vs. < 25.0 kg/m2) were factors associated with uncontrolled BP in 2016 (subsequent year), regardless of antihypertensive 
drug prescription.
Conclusions Untreated HT for years increases the risk of CV events. These results suggest that current health-checkup and 
guidance programs are inadequately effective for behavioral change. Further practices for committing to lifestyle modifica-
tions and seeking medical advice based on their health-checkup results need to be undertaken to improve health behavior.
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Key Points 

A substantial number of Japanese employees and their 
dependents who had had uncontrolled BP and had not 
received antihypertensive drug prescription in 2015 con-
tinued not to receive a prescription and to have uncon-
trolled BP in 2016 and 2017.

A BMI ≥ 25.0 kg/m2 was associated with uncontrolled 
BP in the subsequent year, irrespective of antihyperten-
sive drug prescription status, highlighting the importance 
of lifestyle modification such as BMI management.

Our study findings suggest that current health-checkup 
and guidance programs may leave individuals untreated 
and be inadequately effective for behavioral change.

1 Introduction

Globally, hypertension (HT) is a common pathological 
condition and considered the leading cause of premature 
death [1, 2]. Furthermore, high blood pressure (BP) has 
been reported as a major risk factor of adult mortality from 
noncommunicable diseases (NCDs) and injuries in Japan 
[3]. The reason is that HT is a major factor associated with 
cardiovascular disease (CVD) and cerebrovascular disease 
[4–6], which are the second and fourth causes of death, 
respectively, in Japan [7]. With the growing super-aging 
society and increasing healthcare expenses in Japan, the 
NCD burden on the socioeconomic system arising from 
CVD is a topical issue [8, 9]. Although the prevention of 
CVD requires comprehensive management of primary clini-
cal conditions, such as HT, hyperlipidemia, diabetes mellitus 
(DM), and metabolic syndrome, monitoring and control of 
HT is the foundation of CVD prevention.

Blood pressure is often not well controlled in real-world 
settings. In a previous study using health-checkup data 
extracted from the Japanese employment-based health-insur-
ance database, a substantial proportion of subjects failed 
to achieve target BP and lipid parameters recommended by 
the Japanese Society of Hypertension Guidelines for the 
Management of Hypertension and the Japan Atherosclero-
sis Society Guidelines for the Management of Hyperlipi-
demia (e.g., proportion of subjects with systolic BP (SBP) 
≥ 140 mmHg was 19.0%/12.2% (males/females) in the 55- 
to 59-year age group) [10]. Similar results were obtained 
from two national databases of the Specific Health Check-
ups and Specific Health Guidance (MHLW-SH) issued in 
2010 [11] and the National Health and Nutrition Survey 

(MHLW-H&N) issued in 2011 [12]. Other previous studies 
also reported low achievement rates for treatment goals of 
BP in patients with DM (30.5%) and chronic kidney dis-
ease (33.4%) [13] and a lower BP control rate in Japan than 
in other high-income countries, such as Canada, Germany, 
South Korea, and the USA [14].

Major statutory health-checkup and guidance programs 
for Japanese workers are designed to prevent CVD and life-
style disease by promoting the implementation of health 
behaviors through health monitoring. In Japan, it is well 
recognized that merely providing the checkup results to indi-
viduals is insufficient to cause behavioral changes. These 
programs mandate that the companies offer not only health 
checkups but also follow-ups (e.g., they encourage medical 
consultation attendance or provide health guidance) for their 
employees with checkup results indicative of a requirement 
of such help. Additionally, a new statutory national program, 
Specific Health Checkups and Specific Health Guidance, 
was commenced in 2008 with the aim of preventing meta-
bolic syndrome. In this program, medical insurers provide 
an annual health checkup to insured individuals and their 
dependents aged ≥ 40 years, and based on the results, spe-
cific health guidance for lifestyle modifications is provided 
to those who require such support. The expected outcome 
of these current programs is that regular health monitoring, 
feedback, and further guidance promote health behaviors, 
such as medical consultation for the treatment of disease, 
smoking cessation, and body mass index (BMI) manage-
ment, which reduce the risk of CVD. However, the real-
world effectiveness of these current programs on individual 
behavioral changes and their subsequent clinical outcomes 
remain unclear.

Therefore, this study aimed to explore the association 
between health checkups and the subsequent prescription 
of antihypertensive drugs and BP control status among indi-
viduals who have uncontrolled BP and are not on antihyper-
tensives, who can have an increased risk of CV events, with 
the intention of inferring the effectiveness of the full health-
checkup and guidance programs in the real world. Addition-
ally, we explored potential factors associated with antihyper-
tensive drug prescription and BP control. As behaviors for 
CV risk management, changes in smoking and BMI status 
were also assessed because these are major modifiable CV 
risk factors.

2  Methods

2.1  Study Design

This was a retrospective cohort study that used a Japanese 
healthcare database managed by MinaCare Co., Ltd. (Tokyo, 
Japan).
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2.2  Data Source

The MinaCare database is an employment-based health-
insurance database that includes periodically updated health-
checkup data (e.g., individuals’ demographics, smoking 
status, and vital signs) and medical/pharmaceutical claims 
data of employees and their dependent family members since 
2010. The MinaCare database covers a wide range of age 
groups up to 74 years who work in large-scale nationwide 
retailing industries, manufacturers, and food, information, 
transportation, and energy industries. The database contains 
data of approximately 6.1 million individuals with medical 
and pharmaceutical claims and approximately 2.3 million 
individuals with health checkups (as of February 2020). 
Subjects aged ≥ 75 years are not included in this database 
because they are to be included in a different insurance 
program other than employment-based health-insurance 
program.

During the health checkup, a recipient undergoes physical 
examination, such as BP, body-weight measurement, blood 
test for lipid metabolism and others, and physicians’ exami-
nation. Additionally, at the time of the checkup, a question-
naire on one’s lifestyle, such as smoking, and current and 
past medical treatment is completed. Data regarding follow-
ups after checkups (e.g., access to health guidance, contents 
of health guidance, and other types of follow-ups provided) 
were not available in this database.

In the present analysis, we used data on BP and demo-
graphic and clinical characteristics, such as sex, age, BMI, 
and self-reported smoking status, in addition to prescription 
data on antihypertensive drugs.

2.3  Ethics Statement

This study involved data that exist in an anonymized struc-
tured format and contained no personal information. There-
fore, obtaining informed consent from subjects and approval 
from the ethical review committee were not required because 
studies using only unlinkable anonymized data are outside 
the scope of the “Ethical Guidelines for Medical and Health 
Research Involving Human Subjects” set by the Japanese 
government. The study was conducted in accordance with 
legal and regulatory requirements (e.g., privacy protection 
laws) and scientific purpose, value, and rigor. MinaCare 
manages such anonymized data under the data transfer con-
tract with the client health insurers.

2.4  Study Population

Subjects were included if they (1) were aged between 20 and 
74 years at the time of the health checkup in 2015, (2) had 
systolic (SBP) and diastolic BP (DBP) data for 3 consecutive 
years from 2015 to 2017, and (3) had uncontrolled BP and 

were not prescribed antihypertensive drugs within 6 months 
before the health checkup in 2015.

2.5  Data Extraction and Management

Health checkup data between 2015 and 2017 (the latest 3 
consecutive years available at the time of planning) and pre-
scription claims data between 2014 and 2017 were extracted 
from the MinaCare database based on Japan’s fiscal year of 
April through March. Health checkups are usually conducted 
annually; in case of multiple records in any given year, the 
first record was used to render three records for each subject 
corresponding to 2015, 2016, and 2017.

2.6  Outcome Measures and Definitions

The primary outcome measures were changes in antihyper-
tensive drug prescription and BP control status based on 
health-checkup results from 2015 to 2017.

BP control status and HT classification were defined 
according to the Japanese Society of Hypertension Guide-
lines for the Management of Hypertension in 2014 that were 
used in the clinical settings at the time of baseline health 
checkups in 2015 [15]. “Controlled BP” was defined as SBP 
< 140 mmHg and DBP < 90 mmHg, and “Uncontrolled BP” 
was defined as SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg 
(Supplementary Table 1). HT was classified as HT grade 
I (SBP 140–159 and/or DBP 90–99 mmHg), HT grade II 
(SBP 160–179 and/or DBP 100–109), or HT grade III (SBP 
≥ 180 and/or DBP ≥ 110) (Supplementary Table 1).

CV risk-management behavior was evaluated by anti-
hypertensive drug prescription, BMI, and smoking habit. 
BMI and smoking, considered as secondary outcome meas-
ures, were assessed as behaviors for CV risk management 
because these are major risk factors of CV, and can be poten-
tially changed by the subjects themselves. Antihypertensive 
drug prescription was defined by prescription records of 
antihypertensive medications within 6 months before the 
health checkup. Regarding antihypertensive drugs, all 
drugs indicated for hypertension and available at the time 
of this study were included in this study (Supplementary 
Table 2). There was 99.6% agreement between antihyper-
tensive drug prescription within 6 and 12 months before 
the health checkup. Thus, antihypertensive drug prescription 
within 6 months before the health checkup was consistently 
used in the analyses. For self-reported smoking status, those 
who reported “yes” were considered current smokers, while 
those who reported “no” were considered past smokers and 
nonsmokers.

Metabolic syndrome was defined as waist circumference 
≥ 85 cm (males) or ≥ 90 cm (females) and the presence of 
at least two of the following risk factors: (1) use of anti-
hypertensive medication and/or SBP ≥ 130 mmHg and/or 
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DBP ≥ 85 mmHg; (2) use of antihyperlipidemic medication 
and/or hypertriglyceridemia (triglyceride level ≥ 150 mg/dL) 
and/or hypo-HDL-cholesterolemia (HDL-c level < 40 mg/
dL); and (3) use of DM medication and/or fasting blood 
glucose level ≥ 110 mg/dL [16].

2.7  Statistical Analysis

Demographic and clinical characteristics and primary out-
come measures were descriptively summarized. Antihyper-
tensive drug prescription (yes/no) in 2016 was summarized, 
considering the effect of sex, age, and HT stage at baseline 
(in 2015). Similarly, BP control status (controlled/uncon-
trolled) in 2016 was summarized, considering the effect of 
sex, age, baseline HT stage, and antihypertensive drug pre-
scription in 2016.

BMI status in 2016 of the subjects with BMI ≥ 25 kg/
m2 at baseline and self-reported smoking status in 2016 of 
subjects aged ≥ 40 years who reported to smoke at baseline 
were descriptively summarized. Additionally, to explore the 
association between changes in BMI and BP control sta-
tus, the mean changes in BMI (± standard error) were plot-
ted against baseline BMI for each of the three categories 
of BP changes from 2015 to 2016 (worsened, unchanged, 
and improved) in subjects aged 40–59 years. The analyses 
of BMI excluded missing values, which were rare (0.2%). 
The analysis of BMI and BP control status was performed 
for subjects aged 40–59 years because (1) there were rela-
tively few subjects aged < 40 and ≥ 60 years, leading to a 
large variation of mean changes in BMI in these age groups, 
and (2) individuals aged ≥ 40 years were targeted for a new 
Japanese national program for lifestyle disease prevention, 
Specific Health Checkups and Specific Health Guidance, 
due to the increasing number of individuals strongly sus-
pected of having metabolic syndrome or pre-metabolic syn-
drome [17, 18]. For smoking, the results were restricted to 
age ≥ 40 years because a large number of responses were 
missing for ages < 40 years.

Logistic regression was used to explore factors associ-
ated with antihypertensive drug prescription in 2016 and BP 
control status in 2016. The following variables at baseline 
were included as explanatory variables: sex, age (catego-
rized by decade), HT stage (I/II/III), obesity status (BMI 
< 25 or ≥ 25 kg/m2), smoking status (yes/no/missing or 
not reported), antihyperlipidemic drug prescription within 
6 months (yes/no), DM drug prescription within 6 months 
(yes/no), and metabolic syndrome (yes/no). The cutoff point 
for obesity (BMI ≥ 25 kg/m2) was based on the Japanese 
Society of Hypertension Guidelines for the Management of 
Hypertension in 2014 [15]. For each factor, the odds ratio 
(OR) and its 95% confidence interval (CI) were calculated. 
For BP control status in 2016, the analysis was conducted 

separately for those prescribed and not prescribed antihyper-
tensive drugs in 2016.

No formal hypothesis test was used due to the exploratory 
nature of the study. Moreover, 95% CI for OR that excluded 
1 was sometimes referred to as “statistically significant.”

SAS version 9.4 and R 3.5.0 were used in the statistical 
analysis.

3  Results

3.1  Subject Flow and Baseline Characteristics

Figure 1 shows the subject flow of this study. Of the 931,038 
subjects with health-checkup data in the MinaCare database 
in 2015, a total of 39,242 subjects with uncontrolled BP 
without antihypertensive drug prescription in 2015 were 
identified as the study population.

Table 1 summarizes the baseline characteristics of the 
study population. The proportion of females was 27.7%, and 
the mean ages at baseline were 46.9 years and 50.4 years in 
males and females, respectively. The proportions of subjects 
with BMI ≥ 25.0 kg/m2 in males and females were 48.8 and 
37.6%, respectively. The proportions of smokers in males 
and females were 31.8 and 13.9%, respectively.

3.2  Antihypertensive Drug Prescription

In 2016, 88.9% (34,898/39,242) of subjects continued to 
have no antihypertensive drug prescription (Supplementary 
Figure 1). Of those subjects without prescription in 2015 
and 2016, 90.9% (31,720/34,898) remained with no anti-
hypertensive drug prescription in 2017. In contrast, 11.1% 

Fig. 1  Study population. SBP systolic blood pressure, DBP diastolic 
blood pressure, BP blood pressure
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(4344/39,242) of subjects were prescribed antihypertensive 
drugs in 2016; of these, 86.8% (3769/4344) continued their 
prescription in 2017.

The proportions of subjects who were prescribed antihyper-
tensive drugs in 2016 differed in HT stages and age but were 
generally similar between the sexes (Supplementary Figure 2).

3.3  Changes in Blood Pressure (BP) Control Status

Of the entire study population (n = 39,242), 61.2% 
(24,034/39,242) and 58.4% (22,927/39,242) had uncon-
trolled BP in 2016 and 2017, respectively.

Of the subjects without antihypertensive drug prescrip-
tion in 2016, 62.9% (21,952/34,898) had uncontrolled BP in 
2016 (Fig. 2a). Conversely, of the subjects with antihyper-
tensive drug prescription in 2016, 47.9% (2082/4344) had 
uncontrolled BP (Fig. 2a).

When checking the prescription status in 2016 and 
2017, 80.8% (31,720/39,242) of subjects continued to have 
no antihypertensive drug prescription. Of these, 60.5% 
(19,179/31,720) in 2016 and 61.5% (19,513/31,720) in 2017 
remained with uncontrolled BP (Fig. 2b).

Subjects without antihypertensive drug prescription 
showed a greater tendency for uncontrolled BP in 2016 than 

Table 1  Subject characteristics at baseline

BP blood pressure, BMI body mass index, DBP diastolic blood pressure, DM diabetes mellitus, HT hypertension, SBP systolic blood pressure, 
SD standard deviation

Characteristics All (N = 39,242)

Female [n = 10,871 (27.7%)] Male [n = 28,371 (72.3%)]

n (%) or mean ± SD n (%) or mean ± SD

Age (years) 50.4 ± 8.8 46.9 ± 9.4
 20–29 148 (1.4) 1369 (4.8)
 30–39 847 (7.8) 4151 (14.6)
 40–49 4067 (37.4) 11,468 (40.4)
 50–59 4056 (37.3) 8893 (31.3)
 60–69 1624 (14.9) 2345 (8.3)
 70–74 129 (1.2) 145 (0.5)

SBP (mmHg) 146.6 ± 13.3 144.2 ± 12.4
DBP (mmHg) 91.4 ± 9.0 93.7 ± 8.6
BP stage
 HT stage I 8467 (77.9) 21,669 (76.4)
 HT stage II 1922 (17.7) 5339 (18.8)
 HT stage III 482 (4.4) 1363 (4.8)

BMI (kg/m2) 24.3 ± 4.9 25.5 ± 4.2
 < 25.0 6787 (62.4) 14,514 (51.2)
 ≥ 25.0 4084 (37.6) 13,857 (48.8)

Current smoking
 Yes 1510 (13.9) 9018 (31.8)
 No 9169 (84.3) 17,814 (62.8)
 Missing 192 (1.8) 1539 (5.4)

Antihypertensive drug prescription within 6 months
 Yes 0 0
 No 10,871 (100) 28,371 (100)

Antihyperlipidemic drug prescription within 6 months
 Yes 640 (5.9) 1254 (4.4)
 No 10,231 (94.1) 27,117 (95.6)

DM drug prescription within 6 months
 Yes 210 (1.9) 671 (2.4)
 No 10,661 (98.1) 27,700 (97.6)

Metabolic syndrome
 Yes 1223 (11.3) 8772 (30.9)
 No 9648 (88.7) 19,599 (69.1)
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those with drug prescription, regardless of sex, age, and HT 
stage at baseline (Supplementary Figure 3).

3.4  Changes in Body Mass Index (BMI) and Smoking 
Status

Because BMI and smoking status can be potentially changed 
by the subjects themselves, we examined these as measures 
of subjects’ behaviors for CV risk management. Among sub-
jects with BMI ≥ 25 kg/m2 at baseline and non-missing BMI 
in 2016 (n = 17,940), 92.1% (n = 16,526) continued to have 
BMI ≥ 25 kg/m2, and 7.9% (n = 1414) had BMI < 25 kg/m2 in 

2016. Among subjects aged ≥ 40 years who reported smoking 
at baseline (n = 9053), 93.8% (n = 8489) continued to smoke, 
6.1% (n = 551) quit smoking, and 0.1% (n = 13) had missing 
data or no response in 2016. These trends for BMI and smok-
ing were consistent irrespective of sex and age category (data 
not shown).

Fig. 2  BP control status by antihypertensive drug prescription status 
in 2016 and 2017. aNo/No = Subjects without antihypertensive drug 
prescription in both 2016 and 2017. bNo/Yes = Subjects without anti-
hypertensive drug prescription in 2016 but with prescription in 2017. 

cYes/No = Subjects with antihypertensive drug prescription in 2016 
but discontinued prescription in 2017. dYes/Yes = Subjects with anti-
hypertensive drug prescription in both 2016 and 2017. BP blood pres-
sure
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3.5  Factors Associated with Antihypertensive Drug 
Prescription in the Subsequent Year (Logistic 
Regression Analysis)

Logistic regression was conducted to identify factors associ-
ated with antihypertensive drug prescription in 2016 (Fig. 3). 
Factors positively associated with antihypertensive drug pre-
scription with statistical significance were female sex (vs. 
male), age 50–59 years (vs. 40–49 years), age 60–69 years 
(vs. 40–49 years), age 70–74 years (vs. 40–49 years), HT 
stage II (vs. stage I), HT stage III (vs. stage I), baseline BMI 
≥ 25.0 kg/m2 (vs. < 25.0 kg/m2), smoking at baseline (vs. 
no), antihyperlipidemic drug prescription at baseline (vs. 
no), DM drug prescription at baseline (vs. no), and meta-
bolic syndrome at baseline (vs. no).

Sensitivity analysis with a subgroup of subjects aged 
≥ 40 years indicated no large difference in results (data not 
shown).

3.6  Factors Associated with Uncontrolled BP 
in the Subsequent Year (Logistic Regression 
Analysis)

Logistic regression was performed to explore factors associ-
ated with uncontrolled BP in 2016 among subjects with and 
without antihypertensive drug prescription in 2016 (Fig. 4). 
For the subjects treated with antihypertensive drugs in 2016 
(Fig. 4a), factors associated with uncontrolled BP with sta-
tistical significance were age 60–69 years (vs. 40–49 years; 
OR 1.314; 95% CI 1.080‒1.600), HT stage II (vs. stage I; 
OR 1.722; 95% CI 1.506‒1.970), HT stage III (vs. stage I; 
OR 2.528; 95% CI 2.103‒3.038), baseline BMI ≥ 25.0 kg/
m2 (vs. < 25.0 kg/m2; OR 1.273; 95% CI 1.109‒1.462), and 

DM drug prescription at baseline (vs. no; OR 1.898; 95% 
CI 1.315‒2.740).

For subjects without antihypertensive drug prescription 
in 2016 (Fig. 4b), factors positively associated with uncon-
trolled BP with statistical significance were age 60–69 years 
(vs. 40–49 years; OR 1.092; 95% CI 1.005‒1.186), HT 
stage II (vs. stage I; OR 4.551; 95% CI 4.207‒4.923), HT 
stage III (vs. stage I; OR 11.98; 95% CI 9.362‒15.32), and 
BMI ≥ 25.0 kg/m2 (vs. < 25.0 kg/m2; OR 1.239; 95% CI 
1.177‒1.304). Factors negatively associated with uncon-
trolled BP were age 20–29 years (vs. 40–49 years; OR 0.548; 
95% CI 0.484‒0.620), age 30–39 years (vs. 40–49 years; OR 
0.741; 95% CI 0.688‒0.798), smoking at baseline (vs. no; 
OR 0.932; 95% CI 0.884–0.982), and antihyperlipidemic 
drug prescription at baseline (vs. no; OR 0.812; 95% CI 
0.727‒0.906).

Sensitivity analysis with a subgroup of subjects aged 
≥ 40 years indicated no large difference in results (data not 
shown).

3.7  BMI and BP Control

Because BMI is potentially modifiable by the subjects them-
selves and BMI ≥ 25 kg/m2 was identified as a significant 
factor associated with uncontrolled BP in the logistic regres-
sion analyses, additional exploratory analysis on BMI and 
BP was performed. The mean changes in BMI of subjects 
aged 40–59 years at baseline were plotted against baseline 
BMI for each of the three categories of BP stage changes 
(e.g., worsened, unchanged, and improved) from 2015 to 
2016 (Fig. 5). Subjects with “improved” BP status tended to 
have a negative mean change in BMI. In contrast, subjects 
with “worsened” BP status tended to have a positive mean 

Fig. 3  Factors associated with 
antihypertensive drug prescrip-
tion in 2016. Odds ratios for 
“prescription of antihyperten-
sive drug in 2016” as an out-
come variable were calculated 
using the logistic regression 
model. The following vari-
ables at baseline were included 
as explanatory variables: sex, 
age, HT stage, obesity status, 
smoking status, antihyperlipi-
demic drug prescription within 
6 months, DM drug prescription 
within 6 months, and metabolic 
syndrome. Subjects with miss-
ing BMIs were excluded. BMI 
body mass index, CL confidence 
limit, DM diabetes mellitus, HT 
hypertension, MS/NR missing or 
no response
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Fig. 4  Factors associated with uncontrolled BP in 2016. Odds ratios 
for the status of “uncontrolled BP in 2016” as an outcome variable 
were calculated using the logistic regression model. The following 
variables at baseline were included as explanatory variables: sex, age, 
HT stage, obesity status, smoking status, antihyperlipidemic drug pre-
scription within 6  months, DM drug prescription within 6  months, 

and metabolic syndrome. The analysis was conducted separately for 
a those with antihypertensive drug prescription in 2016 and b those 
without antihypertensive drug prescription in 2016. Subjects with 
missing BMIs were excluded. BMI body mass index, BP blood pres-
sure, CL confidence limit, DM diabetes mellitus, HT hypertension, 
MS/NR missing data or no response

Fig. 5  Mean change (± stand-
ard error) in BMI from 2015 
to 2016 by baseline BMI. The 
lines indicate changes in BP 
stage from 2015 to 2016 (blue, 
worsened; red, unchanged; 
green, improved). The figures 
are shown by sex and baseline 
age category. Subjects aged 
between 40 and 60 years at 
baseline and with available 
BMI values in 2015‒2017 were 
analyzed. BMI body mass index, 
BP blood pressure
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change in BMI. These trends were more prominent in males 
and those with a higher baseline BMI.

4  Discussion

To assess behavioral changes and the improvement of clini-
cal outcomes in individuals after they participated in real-
world health-checkup and guidance programs in Japan, 
we specifically examined the changes in antihypertensive 
drug prescription and BP control status in individuals with 
checkup results indicating the need for CV risk management, 
using real-world data. We found that among the subjects 
without antihypertensive drug prescription with uncon-
trolled BP at baseline (in 2015), 88.9% remained to have no 
antihypertensive drug prescription in 2016. Of these sub-
jects without prescription, 62.9% continued to have uncon-
trolled BP in 2016, which contrasted with 47.9% of those 
who started antihypertensive drug prescription in 2016. 
Similarly, of those who continued to have no antihyperten-
sive drug prescription in 2016 and 2017 (80.8%), 60.5% in 
2016 and 61.5% in 2017 continued to have uncontrolled BP. 
Uncontrolled BP in the subsequent year was statistically sig-
nificantly associated with age 60–69 years (vs. 40–49 years), 
HT stage II (vs. stage I), HT stage III (vs. stage I), and BMI 
≥ 25.0 kg/m2 (vs. < 25.0 kg/m2), regardless of antihyperten-
sive drug prescription in 2016.

Despite the reminder of abnormal findings, further guid-
ance, and encouragement in health-checkup and guidance 
programs, > 80% of the subjects remained to have no anti-
hypertensive drug prescription in the subsequent years (2016 
and 2017), and ≥ 90% of the subjects did not change their 
CV risk-related lifestyle, that is, those who had a baseline 
BMI ≥ 25 kg/m2 and smokers at baseline aged ≥ 40 years 
maintained their statuses in the subsequent year. These 
results indicated that subjects with abnormal health-checkup 
records were left untreated and uncontrolled. The Japanese 
national program for lifestyle disease prevention, Specific 
Health Checkups and Specific Health Guidance, offers 
lifestyle modification consultation and/or education pro-
grams according to health-checkup results. However, it was 
reported that most subjects eligible for the guidance/inter-
vention program did not attend the program [19, 20], and 
only approximately 10% of the eligible subjects completed 
the program [21]. Furthermore, although the intervention 
program itself was shown to be sufficiently effective in elicit-
ing behavioral modifications and improving abdominal obe-
sity [19], a recent study reported that this intervention pro-
gram was not associated with clinically meaningful weight 
loss or improvement of other CV risk factors [22]. Although 
the present study did not evaluate this particular program, 
our real-world results would add to these previous findings. 
Taken together, it is suggested that current health-checkup 

and guidance programs in Japan may be inadequate for driv-
ing personal behavioral changes and motivating individu-
als into action. Greater effort and better strategies to drive 
behavioral changes are required.

These results possibly reflect some types of barriers to 
antihypertensive drug treatment or CV risk-management 
behaviors in health-checkup recipients. A previous study 
suggested a low awareness of HT management among Japa-
nese workers [23]. Furthermore, a recent study reported that 
Japan is among the countries with the lowest rates of HT 
awareness, treatment, and control [14]. Thus, in individuals 
who need to improve their condition, further efforts may be 
needed to change their habits, such as endeavoring to alter 
lifestyles and seeking medical advice. As a basis for new 
approaches specific to Japan, there may be a need to bring 
to light patients’ awareness and understanding of BP man-
agement methods because previous surveys on awareness of 
HT management were mainly conducted among physicians 
[24–26]. Some patient-centered surveys may contribute to 
the identification of such barriers, which would provide use-
ful information for the development of more effective strate-
gies for motivating individual behavioral changes for CVD 
risk management.

The need for lifestyle modification may be supported by 
the finding that a high BMI (≥ 25 kg/m2) in subjects with and 
without antihypertensive drug prescription was associated 
with uncontrolled BP. Indeed, as shown in Fig. 5, subjects 
who showed improvement in BMI from 2015 to 2016 gener-
ally presented greater improvements in BP stages than those 
who did not show a reduction in BMI, indicating that those 
who succeeded in controlling BMI were likely to improve 
their BP or vice versa. In contrast, in the logistic regression 
analysis, there was an apparent small “protective” effect of 
smoking in those who continued without antihypertensive 
drug prescription in 2016 (OR 0.932). With some reports 
negating the adverse effect of smoking on BP [27–29], the 
effect of smoking on BP control may not yet have reached a 
consistent conclusion. Nevertheless, our study results sug-
gest the importance of primary prevention for HT and CVD 
management with a comprehensive approach—that is, phar-
macological treatment with lifestyle modification.

This study has several limitations. First, the database 
was limited to Japanese employees and their dependents 
who work in specific sectors, which may not fully repre-
sent the general population of Japan. For instance, the data-
base does not include individuals in the primary industries 
(e.g., agriculture, fishery, and forestry), self-employed indi-
viduals, and older-age individuals (i.e., individuals aged 
≥ 75 years). However, with a large population size covering 
a wide range of ages, the MinaCare database reflects the 
individuals insured by employment-based health insurance 
and is of great use in studying such a population. Indeed, 
based on a previous study that used the MinaCare database 
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reporting consistent data with two national data reports [10], 
the generalizability of this study is not considered low. Sec-
ond, antihypertensive drug prescription, BMI, and smok-
ing were used to indirectly assess the subjects’ behavioral 
changes in CV management in this database. Prospective 
cohort studies would allow a wider range of methods and 
outcomes to assess “behaviors” more directly. Lastly, it 
should be noted that although some individuals included in 
this study may have received some form of follow-up activi-
ties such as health guidance, the effect of these activities 
was not evaluated in this study. The aim of this study was to 
obtain a real-world view of the full checkup and guidance 
programs. Thus, assessment of a particular effort or inter-
vention was outside the scope of this study. However, such 
assessments would be worthwhile and should be conducted 
in future studies in order to develop better and more effec-
tive programs. Although the abovementioned limitations of 
this study should be noted, to the best of our knowledge, 
this is the first study to explore the association between 
health checkup and the subsequent CVD risk-management 
behaviors in workers in Japan, analyzing a large number of 
individuals (39,242 subjects). Another strength of our study 
is that the prescription status was obtained from prescrip-
tion data instead of self-reported data. Thus, recall bias was 
prevented as the data obtained did not depend on subjects’ 
memory.

In conclusion, our study results suggest that current 
health-checkup and guidance programs leave most individu-
als untreated and are insufficiently effective for behavioral 
change. Based on individuals’ health-checkup results, fur-
ther practices for committing to lifestyle modification and 
seeking medical advice need to be undertaken to improve 
health behavior.
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