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Abstract 
Background: Many people take medicines to control high blood pressure 
(BP), or hypertension. Randomized clinical trials (RCT) are usually used for 
the evaluation of effects of medicines. However, RCT have some serious 
problems. Data and Methods: We evaluated the effects of BP medicines in 
Japan using a dataset containing 113,979 cases. We employed four statistical 
methods in the analysis. First, we simply compared the systolic blood pressure 
(SBP) of individuals with and without BP medicines. We then used a regres-
sion model with a dummy variable, representing taking medicines or not. We 
replaced the dummy variable by its expected value, and estimated the regres-
sion model again. Finally, we selected individuals who had both taken and not 
taken medicines at different times. The effect of sample selection was also 
considered in the estimation. Results: For the simple comparison, SBP with 
BP medicines was 11 mmHg higher than without medicines. In the next re-
gression analysis, SBP with BP medicines was still 5 mmHg higher. When the 
dummy variable was replaced by its expected value, SBP with medicines de-
creased by 7 mmHg. For individuals taking medicines at some times and not 
at others, SBP decreased by 9 and 8 mmHg in models with and without a 
sample bias correction, respectively. Conclusion: The methods eliminated 
some problems of RCT and might be attractive. However, we obtained con-
tradictory conclusions depending on the statistical methods employed, despite 
using the identical dataset. Statistical methods must be selected carefully to 
obtain a reliable evaluation. Limitations: The dataset was observatory, and 
the sample period was only 3 years. 
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1. Introduction 

The World Health Organization (WHO) [1] states that high blood pressure 
(BP), or hypertension, is one of the most important health factors. According to 
the Ministry of Health, Welfare, and Labor, medical expenditures for high BP 
and related diseases were 1.85 trillion yen, accounting for 4.36% of total medical 
expenditures (42.36 trillion yen) in fiscal year 2015 in Japan [2]. Moreover, 
hypertension increases the medical expenditures of patients with other diseases 
such as diabetes [3] [4] [5], reduces happiness and life satisfaction [6] [7], and 
the true cost of hypertension is considered to be much higher than the direct 
cost. 

Many medicines for controlling high BP (hereafter, BP medicines) are widely 
used. Therefore, proper evaluation of the effects of these medicines is very im-
portant. For assessing quality trial designs, systematic reviews of randomized 
controlled trials (RCT) [8] are considered the most reliable method, followed by 
simple RCT, other controlled clinical trials, observational studies (cohort and 
case control), cases studies, anecdotes, and personal opinions [9]. In RCT, par-
ticipants are randomly divided into two (or more) groups. One group is treated 
with the medication in question (treated group), and the other with a placebo or 
standard medicine (control group). 

To control for the effects of participant characteristics, such as gender, age 
and health conditions, a large sample is often needed, especially for long-term 
trials. Although systematic reviews of RCT, which increase the number of par-
ticipants by combining various studies, are one solution, the biases of each review 
must be considered. These include publication bias, where trials with positive 
results are more likely to be published than those with negative or questionable 
results [10] [11] [12]. Researchers themselves might not have strong incentives 
to publish when the expected results are not obtained [10]. Sponsor bias is also 
possible. Many studies are sponsored by the pharmaceutical companies that 
make the medical products, and bias toward the sponsor’s products and conflicts 
of interest have been suggested [13] [14] [15]. In the worst case, researchers 
might be dishonest in conducting the trials, raising conflicts of interest. 

The Diovan scandal is famous in Japan. Diovan is the name of the valsartan, a 
medicine widely used to treat hypertension, sold by Novartis Pharma, the Japa-
nese subsidiary of Novartis International AG. RCT were conducted at five uni-
versity hospitals to study the effects of valsartan on the cardiovascular and cere-
brovascular risks of hypertensive patients. Initial publications emphasized the 
effectiveness of the medicine; however, fraud, improper treatment of obtained 
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datasets, and conflicts of interest were subsequently revealed. Data were altered 
in favor of the medicine, and a company employee analyzed the data without 
divulging his true position. As a result, many papers published in international 
academic journals such as the European Heart Journal, Circulation, Internation-
al Journal of Cardiology, American Journal of Cardiology and Lancet had to be 
retracted, and researchers were penalized [16] [17]. The Japanese Society of 
Hypertension issued a special report on the Diovan scandal [18], and Novartis 
Pharma itself had to make statements to restore its credibility [19]. 

Moreover, practices are often terminated in the early stages for various rea-
sons [20], which can cause a termination (or endpoint) bias. These facts suggest 
that while systematic reviews of RCT can be useful, performing and evaluating 
RCT properly is not an easy task. Double-blind RCT, where both participants 
and researchers are unaware as to who is receiving prescribed medicines, are 
usually used. Numerous studies on treatments for hypertension and related dis-
eases have been conducted by double-blind RCT [21]-[34]. However, ethical 
problems with double-blind RCT have also been widely discussed [35]-[45]. The 
major arguments are that the control group does not get the benefit of the medi-
cine when it is effective, and the double-blind design does not allow rapid detec-
tion of adverse effects related to the study medicine [46]. Informed consent is 
very important for satisfying ethical requirements and protecting participants 
[47], but individuals might hesitate to take part in trials if they know that they 
might receive the placebo. As a result, there have been strong suspicions con-
cerning reliability of findings [48] [49] [50] [51]. 

While RCT are a very important tool for evaluating the effectiveness of medi-
cines, they are far from perfect. Therefore, different methods for verifying and 
evaluating costly and time-consuming RCT results are needed. In this paper, we 
propose methods to evaluate the effects of medicines that do not depend on 
RCT. In Japan, most employees 40 or older are required to have health and 
medical checkups once a year by the Industrial Safety and Health Act [52]. Pri-
vate companies and central and local governments form health insurance asso-
ciations for their workers. Health and medical checkup information, including 
BP and treatment with BP medicines [53]. Since the dataset is not intended to 
evaluate particular medicines, it is free from the various described biases. How-
ever, because the characteristics of the dataset are quite different from those col-
lected by RCT, it must be analyzed with a great care. We consider four different 
statistical methods to analyze the effects of BP medicines.  

2. Data and Methods 

In this study, we analyzed an anonymized dataset of health checkups obtained 
from one health insurance society. The dataset includes BP levels and informa-
tion about treatment with BP medicines. First, we compared the BP levels of two 
groups: those taking BP medicines (hereafter, with BP medicines), and those not 
taking them (without BP medicines). Individual characteristics and health con-
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ditions can affect BP levels. To control for these factors, a regression using a 
dummy variable for taking BP medicines (BP_medicine dummy) was conducted 
for the second stage. Next, the BP medicine dummy was replaced by its expected 
values in the regression model to deal with the endogeneity problem. Finally, we 
analyzed the data of individuals who took BP medicines during certain periods 
of time, and not other periods. In this model, sample selection bias [54] prob-
lems were considered. 

2.1. Data 

The dataset consisted of 113,979 health and medical checkup cases obtained 
from 48,022 individuals (all employees 40 or over and their family members 
(voluntary)) of the society for three fiscal years (April 2013 through March 
2016). The dataset contained various health and medical information for indi-
viduals, including BP levels and treatments with BP medicines. For details of the 
dataset, see Nawata et al. [53] and Nawata and Kimura [3] [4] [55]. In this study, 
we considered only systolic BP (SBP) to simplify the argument. 

2.2. Methodology 

We began by comparing the SBP of two groups: those treated with BP medi-
cines, and those not treated. As Nawata et al. [55] suggested, various factors, 
such as age, gender, eating habits, daily activities, smoking, drinking alcohol, 
and sleeping habits can affect BP levels. We therefore considered the following 
regression model to remove such effects. Let BP_Medicine be a dummy variable 
that takes 1 if an individual took BP control medicines in that fiscal year and 0 
otherwise, and x be other explanatory variables. We considered the following 
regression model (Model 1), 

_α β′= + +SBP BP Medicine x u                    (1) 

1 2 3 4 5 6

7 8 9 10

11 12 13 14

15

         _ _ _ _  
         _ _  
         _

x Age Female Height BMI Anamnesis
Eat fast Late Supper After Supper No Breakfast
Exercise Daily activity Walk fast Smoke
Alcofol fre

β β β β β β β
β β β β
β β β β
β

′ ≡ + + + + +

+ + + +

+ + + +

+ 16 17 18

19

_
         _ .

q Alcohol amount Sleep Trend
Weight year

β β β
β

+ + +

+

 

The other explanatory variables were Height (cm), BMI (body mass index), 
Anamnesis (1: with anamnesis; 0: otherwise), Eat_fast (1: eating faster than other 
people; 0: otherwise), Late_Supper (1: eating supper within 2 hours before bed 3 
or more times a week; 0: otherwise), After_supper (1: eating snacks after supper 
3 or more times a week, 0: otherwise), No_breakfact (1: not eating breakfast 3 or 
more times a week; 0: otherwise), Exercise (1: exercising 30 minutes or more 2 or 
more times a week for more than a year; 0 otherwise), Daily_activity (1: doing 
physical activities [walking or equivalent] 1 hour or more daily, 0: otherwise), 
Walk_fast (1: walking faster than other people of similar age and same gender; 0: 
otherwise), Smoke (1: smoking; 0: otherwise), Alcohol_freq (0: not drinking al-
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cohol, 1: sometimes, 2: every day), Alcohol_amount (0: not drinking; 1: drinking 
less than 180 ml of Japanese sake wine [percentage alcohol about 15%] or equiv-
alent in a day when drinking; 2: drinking 180 - 360 ml; 3: drinking 360 - 540 ml; 
4: drinking 540 ml or more); Sleep (1: sleeping well; 0: otherwise). Trend is the 
time trend by year, and given by (year of checkup—2013) and Weight_year (1: 
weight change of more than 3 kg from previous year; 0: otherwise). 

Since individuals take BP medicines because their BP levels are high, the en-
dogeneity problem could exist. Let SBP∗  be the unobserved SBP without BP 
medicines. An individual takes medicine if the SBP∗  is higher than a certain 
value, depending on individual characteristics. Since SBP∗  is not observable if 
an individual is taking BP medicines, we assume 

1SBP x vγ∗ ∗′= +                            (2) 

and the critical value of taking BP medicine or not is given by 

2S x vγ ∗∗′= + .                            (3) 

An individual takes BP medicines if 0Z SBP S∗= − ≥ , and does not take it 
otherwise. Assuming the normality of error terms, we get 

1 if 0
_

0 otherwise
≥

= 


Z
BP Medicine                   (4) 

* γ′= − = +Z SBP S x v , 

1 2 3 4 5 6

7 8 9 10

11 12 13 14

15 16 17

_
_ _ _

_ _ _
_

γ γ γ γ γ γ γ
γ γ γ γ
γ γ γ γ
γ γ γ

′ ≡ + + + + +

+ + + +

+ + + +

+ + +

x Female Height BMI Anamnesis Eat fast
Late Supper After Supper No Breakfast Exercise
Daily activity Walk fast Smoke Alcofol freq
Alcohol amount Sleep Tren 18 _ .γ+d Weight year

 

Therefore, we get 

( ) ( ) ( ) ( )E _ _ 1 0 γ′= = = ≥ = ΦBP Medicine P BP Medicine P Z x ,    (5) 

where Φ  is the distribution function of the standard normal distribution. Equ-
ation (4) and the expected values are calculated by the Probit maximum likelih-
ood method. Replacing the BP_Medicine dummy by its expected value in Model 
1, we get the regression model (Model 2) given by 

( )E _ β εα= + ′ +SBP BP Med ne xici ,                 (6) 

Since Model 2 does not satisfy the standard assumption of the ordinary re-
gression model, White’s method [56] is used to calculate the standard error [57]. 

The dataset contains the data of individuals who took BP medicines during 
certain periods of time, and not other periods. Therefore, we consider the model 
just using the dataset of these individuals (Model 3). As before, we have to con-
sider individual characteristics and Model 3 is the same as Model 1 except we 
used a part of the dataset. Since only a part of the dataset is used, a bias due to 
selection of the dataset might exist. Therefore, we check the results by Heck-
man’s sample selection bias model [54] (For details, see Appendix A). Since 
Heckman’s two step estimator [54] sometimes behaves poorly [58] [59], we used 
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the maximum likelihood method of EViews (V. 9). 

3. Results 
3.1. Comparisons of BP Levels with and without BP Medicines 

Figure 1 shows the distributions of SBP levels with and without BP medicines. 
BP levels without BP medicines were lower than those with BP medicines. We 
excluded cases where BP values were too large or too small (over 300 and under 
10, respectively), and where information regarding BP medicines was not availa-
ble, and thus considered 113,960 cases. The basic BP statistics and characteristics 
of the two groups are presented in Table 1. 

The numbers of the cases were 95,551 and 18,409 without and with BP medi-
cines, respectively. Means and standard deviations (SD) of SBP were 126.0 and 
16.0 mmHg without BP medicines and 134.8 and 15.91 mmHg with BP medi-
cines. The difference of the means was 11.2 mmHg. Under the null hypothesis, 
the means of two groups are equal, and the t-value becomes 86.88 and is rejected 
at any reasonable significance level, and SBP with BP medicines are higher than 
those without. 

3.2. Regression Analysis using BP_Medicine Dummy 

The previous results suggest that SBP of individuals with BP medicines are 
higher than those without. However, Nawata et al. [53] suggested, individual 
characteristics such as gender, age, and health conditions affect BP levels. The 
group with BP medicines might consist of individuals belonging to higher BP 
categories. To control for these effects, we use Model 1. Cases where body mass 
index (BMI) was too large (over 100) and BP values were too large or small (over 
300 or under 10) were excluded, leaving 95,212 cases without missing values in 
any explanatory variables for the analysis. 15.8% took BP medicines. A summary 
of explanatory variables is presented in Table 2 and the results of the estimation 
are given in Table 3. 
 

 
Figure 1. Distributions of SBP with and without BP medicines. 
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Table 1. Basic statistics of SBP levels (mmHg) and characteristics of two groups. 

 
Without medicines With medicines 

 
SBP SBP 

Mean 123.60 134.77 

Median 123 134 

Maximum 230 246 

Minimum 67 81 

SD 15.99 15.91 

Age 48.8 (6.90) 54.2 (6.92) 

Ratio of Female 48.80% 12.40% 

Height (cm) 167.37(8.04) 167.48 (7.53) 

BMI 23.3 (3.54) 25.8 (4.17) 

Ratio of Anamnesis 40.08% 80.49% 

No. of Cases 95,551 18,409 

SD: Standard deviation. Mean and SD (in the parentheses) are given for Age, Height and BMI. 

 
Table 2. Summary of explanatory variables. 

Variable 
 

Variable 
 

Age mean: 49.44, SD: 7.08 Exercise 1: 18.7%, 0: 81.3% 

Female 1: 22.9%, 0: 73.1% Daily_activity 1: 28.3%, 0: 71.7% 

Height mean: 167.32, SD: 8.01 Walk_fast 1: 40.1%, 0: 59.9% 

BMI mean: 23.71, SD: 3.74 Smoke 1: 38.7%, 0: 61.3% 

Anamnesis 1: 40.0%, 0: 51.0% Alcohol_freq 0: 35.0%, 1: 27.3%, 2: 37.6% 

Eat_fast 1: 31.8%, 0: 68.2% Alcohol_amount 
0:35.0%, 1: 22.5%, 2: 28.1%, 3: 

11.3%, 4: 3.1% 

Late_Supper 1: 42.1%, 0: 57.9% Sleep 1: 63.0%, SD: 37.0% 

After_Supper 1: 13.3%, 0: 86.7% Weight_year 1: 29.8%, 0: 70.2% 

No_Breakfast 1: 24.0%, 0: 76.0% 
  

SD: Standard Deviation. 

 
The estimate of BP_medicine is 5.1 mmHg for Model 1 and the t-value is 

34.82. Although the values are smaller (about half) those of the previous section, 
this means that the SBP of individuals with BP medicines are still higher than 
those without even when controlling for various individual factors. A direct in-
terpretation might argue that BP medicines make BP levels higher and the medi-
cines might be harmful (more than meaningless). However, individuals take BP 
medicines because their BP levels are high. There might be endogeneity of the 
BP_medicine dummy. In the next section, we consider the endogeneity problem. 

3.3. Regression Analysis Using Expected Value of BP_Medicine 
Dummy 

Equations (2)-(4) suggest that BP_medicine may be correlated with the error 
term of Equation (1). It is well known that the ordinary lease squares (OLS)  
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Table 3. Results of estimation (Model 1). 

Variable Estimate SE t-value 

BP_medicine 5.0542 0.1451 34.824** 

Constant 64.6157 1.6294 39.657** 

Age 0.4409 0.0075 58.915** 

Female −2.79741 0.1720 −16.262** 

Height 0.0428 0.0085 5.011** 

BMI 1.2082 0.0143 84.542** 

Anamnesis 0.5583 0.0999 5.590** 

Eat_fast −0.4543 0.1070 −4.247** 

Late_Supper −0.1211 0.1039 −1.166 

After_Supper −0.5871 0.1437 −4.086** 

No_Breakfast 1.0547 0.1174 8.987** 

Exercise 0.0351 0.1312 0.267 

Daily_activity −0.3023 0.1137 −2.659** 

Walk_fast 0.1807 0.1013 1.784 

Smoke −0.3167 0.1054 −3.005** 

Alcohol_freq 1.7314 0.0883 19.610:: 

Alcohol_amount 0.2611 0.0654 3.994** 

Sleep 0.7767 0.1008 7.707** 

Trend −0.0836 0.0564 −1.482 

Weight_year −0.2732 0.1094 −2.496** 

No. of Cases 95,212 
 

R2 
 

0.1910 
 

*Significant at the 5% level; **Significant at the 1% level; SE: standard error. 

 
estimator is inconsistent in this situation. We therefore use the expected value 
instead of the original variables (Model 2), and obtain the consistent results pre-
sented in Table 4. (The results of probit maximum likelihood methods to calcu-
late the expected values of BP_medicine are given in Table 5.) In this model, the 
estimate of E (BP_medicine) is −6.9 mmHg, and its t-value is −9.279; that is, 
taking BP medicines reduced SBP significantly at any reasonable level, and re-
sults indicate that medicines were effective. Note that since the model contains 
various individual characteristics, this reduction was due to the medicines alone. 

3.4. Analyses Using the Data of Individuals Who Took BP  
Medicines in Some Periods and Not in Others 

If BP medicines are effective, SBP should be lower when individuals take BP me-
dicines and higher when they do not. Therefore, we can evaluate the effects of 
BP medicines by analyzing SBP levels of individuals who took BP medicines in 
some sample periods and not in others. Since individual characteristics change 
every year (for example, age increases a year), we needed a regression analysis. 
The number of these cases was 4315. 
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Table 4. Results of estimation (Model 2). 

Variable Estimate SE t-value 

E(BP_medicine) −6.8568 0.7390 −9.278** 

Constant 54.1126 1.7523 30.880** 

Age 0.5881 0.0116 50.655** 

Female −3.22873 0.1785 −18.084** 

Height 0.0307 0.0087 3.520** 

BMI 1.4687 0.0211 69.447** 

Anamnesis 2.2647 0.1407 16.092** 

Eat_fast −0.2765 0.1064 −2.598** 

Late_Supper −0.0926 0.1037 −0.893 

After_Supper −0.8699 0.1426 −6.099** 

No_Breakfast 0.8252 0.1179 7.000** 

Exercise −0.1188 0.1319 −0.900 

Daily_activity −0.3289 0.1140 −2.884** 

Walk_fast −0.0157 0.1023 −0.154 

Smoke −0.5081 0.1058 −4.802** 

Alcohol_freq 1.9426 0.0882 22.019** 

Alcohol_amount 0.4580 0.0656 6.982** 

Sleep 0.8233 0.1004 8.196** 

Trend −0.1005 0.0567 −1.771 

Weight_year −0.3331 0.1092 −3.050** 

No. of Cases 95,212 
 

R2 
 

0.1814 
 

*Significant at the 5% level; **Significant at the 1% level; SE: standard error. 

 
The results of Model 3 using these data (Model 3 is the same as Model 1 ex-

cept it uses a subset of the dataset) are presented in Table 6. Since only a part of 
the dataset was used, a sample selection bias was possible. Therefore, the esti-
mated results of Heckman’s sample selection bias model by the maximum like-
lihood method are also presented in Table 6. Although results of some variables, 
such as anamnesis, are a bit different, the estimated values of BP_medicine are 
similar using the two estimation methods. The estimates of BP_medicine were 
SBP −9.2 and −7.9 mmHg in the OLS and sample selection bias model results, 
respectively. This implies that the BP medicines effectively reduced SBP by about 
8 - 9 mmHg. 

4. Discussion 

RCT (especially double-blind RCT) is a very important and widely used tool to 
evaluate the effectiveness of medicines. However, such trials are costly and time 
consuming. At the development stage, pharmaceutical companies finance RCT, 
but once a medicine is approved for public use, finding private sponsors is not  
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Table 5. Results of probit estimation (Equation (4)). 

Variable Estimate SE t-value 

Constant −6.5528 0.1922 −34.095** 

Age 0.0625 0.0009 72.081** 

Female −0.26824 0.0213 −12.622** 

Height −0.0048 0.0010 −4.802** 

BMI 0.1071 0.0016 67.613** 

Anamnesis 0.7561 0.0119 63.414** 

Eat_fast 0.0785 0.0123 6.356** 

Late_Supper 0.0228 0.0120 1.895 

After_Supper −0.1385 0.0182 −7.624** 

No_Breakfast −0.1124 0.0143 −7.847** 

Exercise −0.0577 0.0154 −3.748** 

Daily_activity −0.0233 0.0135 −1.722 

Walk_fast −0.0719 0.0120 −6.011** 

Smoke −0.0708 0.0122 −5.814** 

Alcohol_freq 0.0999 0.0101 9.849** 

Alcohol_amount 0.0850 0.0073 11.679** 

Sleep 0.0084 0.0119 0.706 

Trend −0.0071 0.0067 −1.068 

Weight_year −0.0010 0.0127 −0.080 

No. of Cases 95,212 
 

Log likelihood −31,761 
 

*Significant at the 5% level; **Significant at the 1% level; SE: standard error. 

 
easy. Public funds are also limited, and researchers face difficulty performing 
further RCT. Moreover, as previously mentioned, there are biases and ethical 
problems with RCT. In other words, RCT is not a perfect method. 

In this paper, we considered methods for evaluating the effects of BP medi-
cines using the dataset of health and medical checkups done every fiscal year in 
Japan obtained from one health insurance society. The data collection method is 
completely different from that of RCT. Therefore, the dataset used was free from 
costs, long duration, and various biases and ethical problems. 

However, data analyses must be conducted very carefully. Here, individuals 
were divided into two groups (with and without BP medicines) by a 
non-random method. Individuals with high BP would be more likely to take BP 
medicines. Accordingly, by a simple comparison, we found mean SBP with BP 
medicine group to be 11.2 mmHg higher than that without BP medicine. Even 
when controlling for individual characteristics by regression analysis, the mean 
SBP with BP medicine group was still 5.1 mmHg higher. This is considered to 
reflect the endogeneity of the BP_medicine dummy. We then sought to solve the 
problem by replacing the explanatory variable. Using the estimates of E  
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Table 6. Results of estimation (Model 3). 

 
OLS Sample selection bias model 

Variable Estimate SE t−value Estimate SE t-value 

BP_medicine −9.1687 0.6028 −15.210** −7.9389 0.5789 −13.714** 

Constant 129.62 9.0517 14.320** −18.76 12.3630 −1.517 

Age 0.1353 0.0433 3.120** 0.6001 0.0543 11.050** 

Female 1.87305 1.0876 1.722 −2.4615 1.2998 −1.894** 

Height −0.0379 0.0472 −0.803 0.0793 0.0572 1.386 

BMI 0.5800 0.0715 8.116** 1.9653 0.1034 19.000** 

Anamnesis −1.5499 0.5770 −2.686** 6.6617 0.7566 8.804** 

Eat_fast −1.3147 0.5783 −2.273* −1.2730 0.7039 −1.808 

Late_Supper −0.4998 0.5576 −0.896 0.7738 0.6817 1.135 

After_Supper −1.2285 0.8434 −1.457 −1.6115 1.0152 −1.587 

No_Breakfast 2.2474 0.6487 3.465** 1.1213 0.7903 1.418 

Exercise −0.7250 0.7251 −1.000 −0.6602 0.8790 −0.751 

Daily_activity −0.9962 0.6382 −1.561 −1.4352 0.7751 −1.851 

Walk_fast 0.5329 0.5637 0.945 0.0771 0.6838 0.112 

Smoke 0.1673 0.5582 0.300 0.6163 0.6810 0.905 

Alcohol_freq 0.9684 0.4796 2.019* 2.3773 0.5824 4.082 

Alco-
hol_amount 

−0.0107 0.3375 −0.032 0.9525 0.4119 2.312 

Sleep 0.4636 0.5614 0.826 0.7541 0.6808 1.107 

Trend −0.6515 0.3573 −1.823 −1.9750 0.4161 −4.746** 

Weight_year −1.3532 0.5834 −2.319** −0.4481 0.7114 −0.630 

No. of Cases 
 

4315 
    

R2 
 

0.0965 
    

 
(BP_medicine), the expected value of BP_medicine was −6.8 mmHg and its 
t-value was −9.28, we found that BP medicines were effective in this model. This 
result is confirmed by the regression analyses of individuals who took BP medi-
cines in some sample periods and not in others. SBP was reduced by −9.2 mmHg 
on average when BP medicines were taken by the OLS method. Since less than 
4% of all cases were used in this analysis, it may have suffered from a sample se-
lection bias. We obtained a similar estimated value (−7.9 mmHg) by the Heck-
man’s sample selection bias model, which implies the analysis was reliable.  

5. Conclusions 

In this paper, we consider a different approach to evaluate the effects of BP me-
dicines. The dataset used was obtained from the health and medical checkups 
required of most employees aged 40 or over in Japan; thus, it was completely in-
dependent from direct measurements of the effects of medicines, and was not 
costly or time consuming to obtain. The results of the analyses are free from the 
various problems of (double-blind) RCT, such as cost, length of trial periods, 
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various biases, sponsorship, and ethical issues. 
Since the dataset was not designed to evaluate the effects of medicines, careful 

statistical methods were required. As shown in this paper, even though the same 
dataset was used, our results were contradictory depending on the analysis me-
thod. Only careful statistical approaches would verify the results of RCT. They 
could also help in the proper and effective design of RCT before the costly and 
time-consuming trials. 

We considered only BP medicines, and the data were obtained for only three 
fiscal years from one health insurance society. To verify the method, it will be 
necessary to evaluate various medicines and treatments, and to collect more data 
for longer periods from various health insurance societies. We are currently ne-
gotiating with several health insurance societies to provide us their data. Devel-
opments of more reliable and standardized statistical methods might be neces-
sary. These are subjects to be studied in future. 
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Appendix A: Heckman’s Sample Selection Model 

To evaluate the effects of BP medicines using the data of individuals who took 
BP medicines in some sample periods and not in others, we considered the 
model, 

_ .SBP BP Medicine x uα β′= + +                  (7) 

However, we used less than 4% of total cases for the estimation. This means 
that we might have selected special individuals. In this situation, Heckman’s 
sample selection bias model [54] is widely used to verify the estimation results. 
We consider a latent variable y∗ , and an individual takes BP medicines if 

0,y y z wδ∗ ∗ ′=≥ +                         (8) 

where w is an error term with mean zero and variance 1, ( ) 2V u σ=  and the 
correlation coefficient of u and w is ρ . For details of the model and likelihood 
function, see Amemiya [57] and Nawata [59]. The estimation results of the se-
lection equation (Equation (8)) are given in Table A1. The estimate of the ρ  
and t-value are 0.926 and 117.08, and the effect of sample selection bias consi-
dered in this model. 
 
Table A1. Results of estimation: selection model (Equation (8)). 

Variable Estimate SE t-value 

Constant −4.7304 0.2477 −19.100** 

Age 0.0182 0.0011 16.357** 

Female −0.13696 0.0284 −4.823** 

Height 0.0042 0.0013 3.240** 

BMI 0.0488 0.0020 24.836** 

Anamnesis 0.3058 0.0152 20.071** 

Eat_fast −0.0068 0.0161 −0.422 

Late_Supper 0.0534 0.0156 3.431** 

After_Supper −0.0163 0.0228 −0.712 

No_Breakfast −0.0395 0.0180 −2.192* 

Exercise −0.0028 0.0201 −0.138 

Daily_activity −0.0105 0.0177 −0.593 

Walk_fast −0.0282 0.0156 −1.810 

Smoke 0.0455 0.0156 2.908** 

Alcohol_freq 0.0358 0.0132 2.718** 

Alcohol_amount 0.0342 0.0094 3.635** 

Sleep 0.0228 0.0155 1.470 

Trend −0.0412 0.0087 −4.716** 

Weight_year 0.0343 0.0163 2.104* 

σ2 33.2937 0.9912 33.587** 

ρ 0.9256 0.0079 117.08** 

*Significant at the 5% level; ** Significant at the 1% level; SE: standard error. 
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