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Abstract

Background: The American College of Cardiology (ACC), American Heart
Association (AHA) and other organizations announced a new hypertension
guideline in November 2017. However, previous studies have pointed out that
this new guideline might lack sufficient evidence to justify its use. Data and
Methods: The effects of blood pressure (BP) on medical costs and on the
probability of having heart disease as anamnesis are analyzed. We used a da-
taset containing 175,123 medical checkups and 6,312,125 receipts from 88,211
individuals obtained from three health insurance societies from April 2013 to
March 2016. The dataset was divided into subgroups based on whether the
patients had diabetes and took hypertension medications. The power trans-
formation and probit models were used in the study. Results: We observed
negative effects of systolic BP (SBP) on medical costs in most subgroups. We
could not find evidence that higher SBP made the medical costs and proba-
bility of having heart diseases higher. The results raise uncertainty about the
reliability of the new guideline, at least for SBP. Conclusion: The results of
this study did not support the new 2017 ACC/AHA guideline, at least for
SBP. The new guideline must be more carefully reevaluated by additional
studies. Limitations: The dataset was observatory, the sample period was only
3 years, and we could not complete a time-series analysis of individuals.
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1. Introduction

The American College of Cardiology (ACC), American Heart Association (AHA),
and other organizations published the “2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection,
Evaluation, and Management of High Blood Pressure in Adults” (hereafter, the
2017 ACC/AHA guideline) [1] [2] [3] in November 2017. It was the first revision
of the high blood pressure (BP) or hypertension clinical practice guideline [3]
since the “Seventh report of the joint national committee on prevention, detec-
tion, evaluation, and treatment of high blood pressure (JNC 7)” [4] [5] in 2003.
Under the new guideline, the threshold for hypertension requiring treatment
with lifestyle changes and hypertension medication is 130/80 mmHg. The 2017
ACC/AHA guideline replaces the term “pre-hypertension” with “elevated BP”
(systolic BP (SBP) of 120 - 129 mmHg and diastolic BP (DBP) below 80 mmHg).
In this guideline, “stage 1 hypertension” is defined as SBP of 130 - 139 mmHg or
DBP of 80 - 89 mmHg, and “stage 2 hypertension” is defined as SBP corres-
ponding to stages 1 and 2 in the JNC 7 report (SBP of 140 mmHg or more, or
DBP of 90 mmHg or more).

As a result, the prevalence of hypertension among US adults substantially in-
creases from 32% under the JNC 7 criteria to 46% under the criteria of the new
guideline. Nonetheless, the guideline states that [1] “the new definition results in
only a small increase in the percentage of US adults for whom antihypertensive
medication is recommended in conjunction with lifestyle modification.” The
2017 ACC/AHA guideline is an official policy of the ACC and AHA. The focus
is on medical practice in the US, but the guideline is expected to have a global
impact, as the authoring institutions have stated. Indeed, the influence of the
new ACC/AHA guideline is so large that careful reviews of various studies and
the performance of further studies are absolutely necessary to determine wheth-
er or not the new guideline is appropriate.

The American Academy of Family Physicians, an organization that joined the
initial announcement, declared that they would not endorse the 2017 ACC and
AHA guideline and would continue to endorse the JNC 7 guideline [6] because
the new guideline was not grounded in an assessment of the background re-
sources; that is, substantial weight was given to the Systolic Blood Pressure In-
tervention Trial (SPRINT) [7], but other trials were minimized.

In the SPRINT, 9361 participants with SBP of 130 mmHg or higher and an
increased cardiovascular risk, but without diabetes, were randomly assigned to
two groups. One was the standard treatment group (SBP target of less than 140
mmHg, 4683 participants) and the other was the intensive treatment group (SBP
target of less than 120 mmHg, 4678 participants). The trial period was from No-
vember 2010 to March 2013, and the trial was stopped early after a median fol-
low-up of 3.26 years owing to a significantly lower rate in the intensive treat-
ment group. However, this might raise the possibility of end-point or termina-

tion biases [8]. Their results showed lower rates of fatal and nonfatal major car-
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diovascular events and death from any course in the intensive treatment group
than in the standard treatment group. However, the SPRINT was not a blinded
randomized clinical trial (RCT). Both doctors (or researchers) and participants
could easily have awareness of the subject groups. Thus the placebo effect [9] [10]
might have affected the outcomes of the trials. The mortality rates from any
cause were similar for both groups in the first two years and the number of par-
ticipants declined after the third year. Moreover, the Action to Cardiovascular
Risk in Diabetes (ACCORD) Study Group [11] performed a similar trial with
4733 participants with type 2 diabetes. (The SPRINT used a framework similar
to that of the ACCORD.) Unlike the SPRINT, the ACCORD showed that tar-
geting SBP below 120 mmHg did not reduce the rate of composite outcomes of
fatal and major nonfatal major cardiovascular events compared to targeting SBP
below 140 mmHg.

Lewington et al [12] performed a meta-analysis of individual data for
1,000,000 adults in 61 prospective analyses. They studied 12.7 million per-
son-years at risk. They identified about 56,000 cases of vascular death, including
12,000 stroke, 34,000 ischaemic heart disease (IHD), and other vascular deaths.
They found that IHD mortality increased in all age cohorts (from 40 - 49 to 80 -
89) as SBP and DBP increased. The selection criteria of 61 studies used in the
meta-analysis were not clarified. As pointed out by Nawata Sekizawa and Kimu-
ra [13], biases such as publication [14] [15] biases and conflicts of interest [16]
might have existed, and the results could have been affected by such biases even
if all studies were proper RCTs. Moreover, BP levels were strongly affected by
various factors such as the age, gender, health conditions, and lifestyles of the
individuals. Race, genetic and environmental factors, and health administrative
activities are also important factors for BP [17] [18] [19]. However, the methods
used to adjust for the effects of individual characteristics in the various studies
are not clear. Nawata et al. [20] found that SBP increased about 5 mmHg with 10
years of increased age. The 10-year age cohort interval might have been too long,
and some effects of the ages of individuals might have remained. These facts
raised questions about the conclusions of the analysis.

Rapsomaniki et al. [21] used the linked electronic health records of 1.25 mil-
lion patients in the CALIBAR (CArdiovascular research using LInked Bespoke
studies and Electronic health Records) program in the UK from 1997 to 2010.
During a median follow-up of 5.2 years, 83,098 initial cardiovascular disease
(CVD) cases were reported. They concluded that people at age 30 with hyper-
tension had a lifetime risk of overall CVD of 63.3%, compared with 46.1% for
those with normal BPs, and developed CVD 5.0 years earlier. In the CALIBAR
program, patients were linked across four clinical data sources. However, a cru-
cial limitation of the study design is that only clinical sources were used. Healthy
individuals, who did not go to any clinics or hospitals during the sample periods,
were not included. Therefore the sample selection biases pointed out by Heck-

man [22] would be a problem, and it might not be appropriate to apply the re-
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sults to the general public, including healthy people who were not included in
the survey, even if the number of observations was large. (For details, see the
appendix.)

Muntner ef al [23] analyzed data for 10,907 participants from the 2011-2012
and 2013-2014 cycles of the US National Health and Nutrition Examination
Survey (NHANES) of adults. They mentioned that implementation of the 2017
ACC/AHA hypertension guideline would increase the use of hypertension me-
dications, and also should reduce CVD events. Although some characteristics
and health conditions of the participants were considered, “obesity,” a very im-
portant variable affecting health conditions, was not included in their analysis, as
pointed out by Nawata and Kimura [24].

Nawata and Kimura [24] analyzed the relationships between medical costs
and BP. They found that the simple correlation coefficient of medical costs and
SBP was positive, but the sign of the SBP estimate became negative when a va-
riable representing obesity was included. Their results raise a question about
the reliability of the 2017 ACC/AHA guideline. However, there were some in-
complete aspects of their study. For example, the dataset included both diabet-
ic and non-diabetic individuals. SPRINT used a dataset without diabetes, and
ACCORD used type 2 diabetic patient data. Therefore, this discrepancy might
have affected the results of the study. In addition, some individuals were taking
hypertension medications, and hypertension medications make medical costs
higher and BP levels lower. Therefore, this fact might have affected the results of
the analysis. Moreover, while they analyzed the medical costs, the risks of CVD
and heart disease (hereafter, CVD/ HD) were not analyzed.

The present paper is thus the first to analyze the effects of BP (especially SBP)
on annual medical costs with consideration for the effects of diabetes and
hypertension medications. Diabetes is classified as type 1 or 2, with 90% or more
of all diabetic cases being classified as type 2 [25] [26] [27]. Since classifying
types is difficult in adults [28] [29], and the type of diabetes is not reported in
many cases, we did not separate type 1 and type 2 diabetes. The dataset was di-
vided into subgroups on the basis of having diabetes or not and taking hyperten-
sion medications or not. The medical costs were analyzed using the power
transformation tobit model. Then the probabilities of having CVD/HD as
anamnesis were analyzed using the probit model. The dataset contains 175,123
medical checkups and 6,312,125 receipts obtained from 88,211 individuals for 3
fiscal years (fiscal years 2013 to 2015; April 2013 to March 2016).

2. Data and Methods

We used an anonymized dataset combining medical checkups and receipts. We
analyzed the effects of BP levels (especially SBP) on annual medical costs using
subgroups of the dataset. Since SPRINT and ACCORD used patient data classi-
fied according to the presence or absence of diabetes, we first divided the dataset

into two groups; one consisted of individuals who had diabetes as anamnesis or
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were judged by doctors to have diabetes at medical checkups (hereafter, the di-
abetic group), and the other consisted of those did not have diabetes (the
non-diabetic group). The effects of BP on medical costs were analyzed separately
for each group. Secondly, the dataset was divided into two groups based on
whether individuals were taking hypertension medications (medication group)
or not (non-medication group), and their medical costs were analyzed. Finally,
the risks of CVD/HF were analyzed. Although the subjects were prescribed dif-
ferent types of hypertension medications [30] [31] [32] [33], we did not consider
the types of hypertension medications in this study.

Since medical costs take many zero values, and their distribution has a very
heavy tail, the power transformation tobit model [34] was used for the medical
cost analysis. The probability of CVD/HD risk was then analyzed by the probit
model.

2.1. Data

Japan has a public health insurance system that requires all citizens to belong to
some type of public health insurance organization. Corporations form health
insurance societies for employees and their family members. Most employees 40
years of age or older must undergo medical checkups once a year by law [35],
and family members can also undergo medical checkups on a voluntary basis.
The dataset was created with the cooperation of three such health insurance so-
cieties (Societies 1 - 3) and participants were all members and their family
members of the health insurance societies who underwent medical checkups
during the sample period.

Society 1 was an organization formed by a large Japanese company with offic-
es and operational centers throughout Japan. Societies 2 and 3 were organiza-
tions formed by groups of smaller corporations. The dataset contained informa-
tion regarding 175,123 medical checkups from 88,211 individuals between fis-
cal years 2013-2015 (the Japanese fiscal year begins in April and ends in March
of the next year). At the medical checkups, individuals were asked if they were
taking hypertension medications or not in all three societies and if they had
CVD/HD as anamnesis in Societies 1 and 2.

The monthly reports of medical treatments and payments are called “receipts”.
Receipts were classified into five categories: dental; inpatients of DPC hospitals;
outpatients and inpatients of non-DPC hospitals; and pharmacies. All receipts
are sent from medical institutes, such as hospitals, clinics, and pharmacies, to the
health insurance associations. Payments are made to the medical institutes after
the receipts are checked. In this study, the sum of the DPC, outpatient and
non-DPC hospital, and pharmacy receipts was used to represent the medical
costs.

Japan measures medical expenditures in points, and 10 yen per point has been
paid to hospitals since 1958 [36]. In the present analysis, we summed a total of
6,312,125 receipts, and calculated the medical costs of individuals in each fiscal

year. We used a dataset containing 175,123 cases for which both the results of
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checkups and medical costs were available in the same fiscal year. For details of

the dataset see Nawata and Kimura [24].

2.2. Power Transformation in Tobit and Probit Models

Since medical expenditures take many zero values, and their distribution has a
very heavy tail, the power transformation tobit model [34] is used in the analysis

of medical costs. The model is given by

y=M, 0<a<l 1)
y;:x{iﬂ+uli’ “1i~N<0’62)’ i=l-n
v if 5 >0
"o ify <0

where M, represents the medical payments of the ith individual, & is the
transformation parameter that makes the distribution close to the normal dis-
tribution, and y is a latent variable whose value is not observable when it is
negative. x,, is a vector of explanatory variables, f is a vector of unknown
parameters, and u; is an error term following the normal distribution with a
mean of 0 and a variance of &~ . We consider the following power transforma-

tion tobit model in Equation (1).

y; = B, + B,Age + f,Female + f,Height + S,BMI + 5,SBP + 3, DBP
+ S,HDL + B LDL + g, Triglyceride + §,,GGP + §,,AST + §,ALT
+ f,,Blood_Sugar + g, Urine_sugar + ,,Urine_protein + 5,,F_yearl4
+ B F_yearl5 + S, ,Society 2 + 3,,Society 3 +u,,

The explanatory variables used in Equation (2) are as follows: Age, Female (1:
if female; 0: otherwise), Height (cm), BMI (=weight (kg)/height (m)?), SBP and
DBP (mmHg), HDL (high density lipoprotein cholesterol blood, mg/dL), LDL
(low-density lipoprotein cholesterol, mg/dL), Triglyceride (mg/dL), GGP
(y-glutamyl transferase, units per liter: U/L), AST (aspartate aminotransferase,
U/L), ALT (alanine aminotransferase, U/L), Blood_sugar (mg/dL), Urine_sugar
(integers of 1 - 5, sugar in urine increasing with number; 1 is normal, 5 is worst),
Urine_protein (same as Urine_sugar), F_year14 (1: fiscal year 2014; 0: other-
wise), F_year2015 (1: fiscal year 2015), Society 2 (1: Society 2; 0: otherwise), and
Society 3 (1: Society 3; 0: otherwise). For the details regarding these variables, see
Nawata and Kimura [24].

Let CVD, be a dummy variable taking 1 if an individual had CVD/HF as
anamnesis and 0 otherwise. The probit model is given by

Z: =Xy, 7 + Uy, (3)
z;=11if z >0 and z =0 if z, <0 and
P(CVD, =1)=P(z >0)=d(x,7)

where P(CVD,=1) is the probability that CVD, =1, u,, follows the standard
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normal distribution, and @ is its distribution function. z, is another latent
variable, and only its sign is observable. The information in the following equa-
tion is used in the probit analysis (CVD/HD was not available for Society 3).

z; =y, +y,Age + y,Female + y,Height + y,BMI + y,SBP + ,DBP
+yHDL + y,LDL + y,, Triglyceride + y, GGP + 7,,AST + y,;ALT
+ 7,,Blood_Sugar + y,,Urine_sugar + y,,Urine_protein

(4)

+7,,F_yearl4 + 5, ,F yearl5+ y,,Society 2 +u,,

3. Results of Analysis
3.1. Distributions of Medical Costs

3.1.1. Diabetic and Non-Diabetic Groups

Figure 1 and Figure 2 show the distributions of medical costs for the diabetic
and non-diabetic groups. The diabetic and non-diabetic groups contained 6708
(3.8%) and 16,415 (96.2%) cases, respectively. The distributions are skewed and
have very heavy tails on the right side, especially in the diabetic group. The basic
statistics (points) are a mean of 33,031, a median of 21,631, and a standard devi-
ation (SD) of 59,894 for the diabetic group; and a mean of 12,572, a median of
3769, and a SD of 37,870 for the non-diabetic group. In 6.5% and 20.8% of cases
in the diabetic and non-diabetic groups, respectively, the medical costs were zero.
The mean medical cost of the diabetic group was 2.6 times as much as that of the

non-diabetic group.

3.1.2. Hypertension Medication and Non-Medication Groups

Figure 3 and Figure 4 show the distributions of the medical costs of the hyper-
tension medication and non-medication groups. The numbers of cases in the
medication and non-medication groups were 28,060 (16.0%) and 147,006
(84.0%), respectively. As for the diabetic cases, the distributions were skewed
and had very heavy tails on the right side, especially in the medication group.
The basic statistics were a mean of 30,117, a median of 17,389, and a SD of
58,858 in the medication group; and a mean of 10,160, a median of 2681, and a
SD of 33,165 in the non-medication group. In 2.7% and 23.6% of cases, the
medical costs were zero. The mean medical cost in the medication group was 3.0

times as much as that in the non-medication group.

3.2. Results of the Power Transformation Tobit Models

3.2.1. Diabetic and Non-Diabetic Groups

Table 1 shows a summary of the explanatory variables in the diabetic and
non-diabetic groups. Japan is a racially homogeneous society, we could not eva-
luate its effect. The mean SBP and DBP (SD in parentheses, mmHg) were 131.6
(18.0) and 79.6 (11.5) in the diabetic group and 125.5 (17.1) and 77.6 (12.2) in
the non-diabetic group, respectively. For other variables, the values of Age, BMI,
Triglyceride, Blood_sugar, Urine_sugar, GGT, AST, and ALT in the diabetic
group were higher than those in the non-diabetic group. On the other hand, the

values of the ratio of females, HDL, and LDL were lower in the diabetic group.
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Figure 1. Distribution of medical costs (diabetic group).
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Figure 2. Distribution of medical costs (non-diabetic group).

No. of observations

12000
10000
8000
6000
4000
2000 I I
0 | - . I . - | -— —_ —
N P P PP LSS ¢
F LSS S S L S
&S ~§> SFLLFLFSLSSLSLSESS S S qu
PPN S S LS
FF S N S
TSI SLSFSFF S
NP Y W 0 &
%
points
Figure 3. Distribution of medical costs (medication group).
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Figure 4. Distribution of medical costs (non-medication group).

Table 1. Summary of explanatory variables (diabetic and non-diabetic groups).

Diabetic Non-diabetic
variable mean SD mean SD
Age 53.8 7.4 50.1 7.4
Female 1:18.0%, 0:82.0% 1:.25.3%, 0:74.7%
Height 167.2 7.9 166.9 8.2
BMI 26.0 4.2 23.6 3.6
SBP 131.5 16.2 125.5 16.7
DBP 79.6 11.0 77.6 11.9
HDL 55.2 15.9 61.6 16.7
LDL 120.2 29.5 124.7 32.0
Triglyceride 149.1 103.4 125.9 92.0
Blood_sugar 84.9 54.7 62.6 47.6
Urine_sugar 1.842 0.768 1.063 0.468
Urine_protein 1.356 0.744 1.125 0.427
GGT 51.9 66.2 44.5 50.3
AST 255 15.1 235 18.0
ALT 30.6 21.2 24.6 18.5
F_yearl4 1:31.8%, 0:68.2% 1:31.1%, 68.9%
F_yearl5 1:41.4%, 0:58.6% 1:41.2%, 0:58.8%
Society 2 1:12.1%, 0:87.9% 1:16.3%, 0:83.7%
Society 3 1:21.0%, 89.0% 1:18.5%, 0:81.5%

SD: Standard Deviation.
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Table 2 shows the estimation results of the power transformation tobit model.
Since the sample size was quite large, we used 1% as the significance level. For
BP variables, estimates of SBP were positive in the diabetic group and negative in
the non-diabetic group. Their t-values were 4.089 and —11.049, respectively. This
means that the higher SBP significantly increased medical costs in the diabetic
group but reduced them in the non-diabetic group. These results do not coincide
with the results of ACCORD and SPRINT. The estimates of DBP were negative
and positive in the diabetic and non-diabetic groups, respectively, and both of
them were significant. It is interesting that the signs of SBP and DBP became the
opposites in the diabetic and non-diabetic groups. Other than BP variables, es-
timates of Age, Height, BMI, Urine_sugar, Urine_protein, and AST were posi-
tive and significant; and those of HDL, HDL, Triglyceride Blood_sugar, and So-
ciety 3 were negative and significant in the diabetic group. In the non-diabetic
group, Age, Female, Height, BMI, Blood_sugar, Urine_sugar, Urine_protein,
GGT, ALT, and F_year 15 were positive and significant; and HDL, LDL, AST,
Society 2, and Society 3 were negative and significant. LDL and HDL are referred
to as “bad” and “good” cholesterol, respectively. LDL (bad) contributes to fatty
buildups in the arteries, and HDL (good) removes LDL cholesterol from the ar-
teries [37] [38]. However, as shown in a previous study [24], higher LDL values
lower the medical costs in both groups. Although the signs of AST are opposite
in the diabetic and non-diabetic groups, other variables show similar trends in

both groups.

3.2.2. Hypertension Medication and Non-Medication Groups

Table 3 shows a summary of the explanatory variables in the hypertension me-
dication and non-medication groups. The means of SBP and DBP were 135.1
mmHg (16.2) and 83.0 (11.0) in the medication group and 123.9 (16.8) and 76.7
(11.9) in the non-medication group, respectively. As for the other variables, the
values of Age, BMI, Triglyceride, Blood_sugar, Urine_sugar, GGT, AST, and
ALT were higher in the medication group than in the non-medication group. On
the other hand, the values of the ratio of females, HDL, and LDL were lower in
the non-medication group.

Table 4 shows the estimation results of the power transformation tobit model.
For BP variables, estimates of SBP were negative in both the medication and
non-medication groups. Their t-values were —3.719 and -22.029 in the two
groups, respectively. This means that the higher SBP reduced the medical costs
significantly. The estimates of DBP were negative with a t-value of —25.359 in
the medication group and positive with a t-value of 7.113 in the non-medication
group. As for variables other than the BP variables, estimates of Age, Height,
BMI, Urine_sugar, Urine_protein, and AST were positive and significant in the
medication group; and estimates of HDL, HDL, Triglyceride Blood_sugar, So-
ciety 2, and Society 3 were negative and significant in the medication group.
In the non-medication group, the estimates of Age, Female, Height, BMI,
Blood_sugar, Urine_sugar, Urine_protein, GGT, ALT, and F_year 15 were posi-
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tive and significant, and those of HDL, LDL, Society 2, and Society 3 were nega-

tive and significant. Most of the variables showed similar trends in both groups.

3.3. Probit Analysis of CVD/HD

In Societies 1 and 2, individuals were asked if they had CVD/HD as anamnesis.
(Information on CVD/HD was not available for Society 3.) In our dataset, 3009
or 2.5% cases answered “yes” (CVD, =1), 113,685 answered “no” (CVD, =0),
and the total number of cases was 119,394. These cases were analyzed by the
probit model given in Equation (4), and a summary of the explanatory variables
is given in Table 5. The results of the probit analysis are given in Table 6. For
BP variables, both estimates of SBP and DBP were negative, and neither of them
were significant at the 1% level. For non-BP variables, the estimates of AGE,
BMI, and Urine_protein were positive and significant and those of Female, HDL,

LDL, and Society 2 were negative and significant.

Table 2. Results of estimation (diabetic and non-diabetic groups).

Diabetic Non-diabetic
Variable Estimate SE t-value Estimate SE t-value
alpha 0.42610 0.00402 106.127** 0.40860 0.00066 620.337**
Const. —11.34983 15.11101 -0.751 -55.90802 2.44140 —22.900**
Age 0.81138 0.07394 10.973** 0.93126 0.01255 74.205**
Female —-2.85169 1.72419 -1.654 11.49020 0.25690 44.727**
Height 0.20408 0.07687 2.655%* 0.08045 0.01225 6.566**
BMI 1.39148 0.12663 10.988** 1.22983 0.02379 51.692**
SBP 0.14890 0.03641 4.089** —-0.07430 0.00672 —11.049**
DBP —0.34895 0.05819 —5.997** 0.06613 0.00974 6.788**
HDL —0.13389 0.03253 —4.116** -0.02711 0.00513 —5.284**
LDL —-0.23551 0.01809 -13.016** -0.10323 0.00241 —42.898**
Triglyceride -0.01464 0.00489 —2.993** —0.00058 0.00089 -0.654
Blood_sugar  —0.02172 0.00614 —3.535%* 0.02289 0.00150 15.248**
Urine_sugar 2.42882 0.33523 7.245*%* 3.83405 0.14554 26.343**
Urine_protein ~ 5.31470 0.54140 9.817** 3.85980 0.12540 30.779**
GGT -0.02167 0.00842 —2.573* 0.02205 0.00132 16.652**
AST 0.17279 0.06010 2.875%* -0.02313 0.00286 —8.085%*
ALT 0.02825 0.04052 0.697 0.09357 0.00467 20.033**
F_year14 —-0.32959 1.18358 -0.278 0.15133 0.19756 0.766
F_yearl5 0.52942 1.13551 0.466 0.97265 0.17896 5.435**
Society 2 1.40581 1.48543 0.946 —5.41448 0.21197 —25.543**
Society 3 —6.04923 1.16100 -5.210 —-5.25527 0.19810 —26.529**
36.39266 1.94592 18.702 26.64549 0.27908 95.477**
logL —73,061.67 -1,481,371
No. of Cases, M > 0:6220; No. of Cases, M > 0:132,335;
M = 0:431 Total: 6651 M = 0:34,728 Total: 167,163

SE: standard error; **: Significant at the 1% level.
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Table 3. Summary of explanatory variables (hypertension medication and
non-medication groups).

With medication Without medication
Variable Mean SD Mean SD
Age 55.3 7.4 49.3 7.4
Female 1:15.6%, 0:84.3% 1:26.8%, 0:73.2%
Height 166.8 7.9 166.9 8.2
BMI 25.7 4.2 23.3 3.6
SBP 135.1 16.2 123.9 16.7
DBP 83.0 11.0 76.7 11.9
HDL 58.4 159 61.9 16.7
LDL 118.8 29.5 125.7 32.0
Triglyceride 149.1 103.4 122.5 92.0
Blood_sugar 67.1 54.7 62.8 47.6
Urine_sugar 1.202 0.768 1.072 0.468
Urine_protein 1.263 0.744 1.109 0.427
GGT 59.9 66.2 419 50.3
AST 26.3 15.1 23.0 18.0
ALT 29.3 21.2 24.0 18.5
F_yearl4 1:32.1%, 0:67.9% 1:31.0%, 0:69.0%
F_yearl5 1:41.1%, 0:58.9% 1:41.2%, 0:58.8%
Society 2 1:14.1%]1, 0:85.9% 1:16.5%, 0:83.5%
Society 3 1:20.1% 1:18.2% 0:81.8%

Table 4. Results of estimation (hypertension medication and non-medication groups).

Medication Non-medication

Variable Estimate SE t-value Estimate SE t-value
alpha 0.32260 0.00071 452.513** 0.40790 0.00068 602.883**
Const. 17.11719 0.77679 22.036** —35.08849 1.99758 —17.566**
Age 0.06993 0.00368 18.997** 0.64339 0.00929 69.273**
Female 1.14071 0.08626 13.224** 13.02127 0.21423 60.783**
Height 0.04013 0.00394 10.191** 0.10797 0.01012 10.670**
BMI 0.24526 0.00756 32.424** 0.72834 0.01908 38.179**
SBP —-0.00844 0.00227 —3.719** -0.12771 0.00580 —22.029**

DBP —-0.08125 0.00320 —25.359** 0.05883 0.00827 7.113**
HDL —-0.01800 0.00164 —10.943** —-0.03492 0.00420 —8.317**
LDL —-0.02853 0.00075 —38.258** —-0.06440 0.00191 —33.706**
Triglyceride =~ —0.00140 0.00029 —4.846%* —-0.00249 0.00075 —3.308**
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Continued
Blood_sugar 0.00056 0.00048 1.155 0.02515 0.00123 20.426**
Urine_sugar 1.04804 0.04631 22.632%* 5.08365 0.11489 44.247**
Urine_protein  1.15290 0.04624 24.935%* 2.12799 0.11295 18.841**
GGT —0.00007 0.00045 -0.163 0.01196 0.00111 10.738**
AST 0.00061 0.00083 0.730 —-0.02618 0.00204 -12.834
ALT —0.00003 0.00138 -0.019 0.11725 0.00347 33.829*%*
F_year14 —0.13588 0.06272 -2.166 0.17965 0.16211 1.108
F_yearl5 0.09707 0.05700 1.703 1.05672 0.14722 7.178*%*
Society 2 —0.68226 0.06730 —10.137** -5.03171 0.17329 —29.036**
Society 3 —0.56843 0.06377 —8.914%* -5.27610 0.16412 —32.149**
8.54526 0.08749 97.671%* 25.37822 0.22109 114.786**
logL -309713.4 —1235788

No. of observations: M > 0, 27,096;
M =0, 755; Total: 27,851

No. of observations: M > 0, 111,518;
M =0, 34,389; Total: 14,509

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

Table 5. Summary of explanatory variables.

Variable
Age
Female
Height
BMI
SBP
DBP
HDL
LDL
Triglyceride
Blood_sugar
Urine_sugar
Urine_protein
GGT
AST
ALT
F_yearl4
F_yearl15

Society 2

Mean

49.9

1:24.4% 0:95.6%

167.1

125.1

77.3

61.1

124.2

126.1

63.2

1.088

1.135

45.0

23.5

24.9

1:26.7%, 0:73.3%
1:39.4%, 0:60.6%

1:19.8%, 0:80.2%

SD

7.6

8.1

31.5

94.6

48.5

0.514

0.492

53.2

SD: Standard Deviation.
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Table 6. Results of estimation (probit model).

Variable Estimate SE t-value
Const. -3.68028 0.28186 -13.057**
Age 0.03481 0.00114 30.459**
Female -0.21173 0.02983 —7.098%*
Height 0.00026 0.00142 0.182
BMI 0.03493 0.00246 14.212**
SBP —-0.00031 0.00078 -0.394
DBP —-0.00236 0.00111 -2.133
HDL —0.00192 0.00061 —3.125%*
LDL —0.00598 0.00028 —21.220**
Triglyceride —0.00008 0.00009 -0.859
Blood_sugar 0.00035 0.00017 2.099
Urine_sugar 0.02007 0.01279 1.570
Urine_protein 0.08257 0.01331 6.203*%*
GGT 0.00013 0.00015 0.840
AST —-0.00079 0.00099 -0.798
ALT 0.00109 0.00077 1.416
F_yearl4 0.03032 0.02148 1.412
F_yearl5 —-0.00389 0.01915 -0.203
Society 2 -0.13034 0.02243 —5.811**

CVD = 1:3009; 0:113, 685, total 119,394

Log likelihood -12,956.5

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

4. Discussion

We analyzed the effects of BP on medical costs by dividing the dataset into sub-
groups based on whether the subjects had diabetes and took hypertension medi-
cations. In the diabetic group, a higher SBP made the medical costs higher, and a
higher DBP made the medical costs lower. In the non-diabetic group, the effect
was the opposite; that is, a higher SBP made the medical costs lower, and a high-
er DBP made the medical costs higher. The results for SBP were the opposite of
those of two important previous studies, the ACCORD and SPRINT studies.
Higher SBP made the medical costs lower in both the hypertension medica-
tion and non-medication groups. However, a higher DBP made the medical
costs lower in the medication group but higher in the non-medication group.
Therefore, at least for SBP, we could deny the possibility that the effects of
hypertension medications, which make medical costs higher and BP levels lower,
were strong enough to reverse the relationship between SBP and medical costs.

In the probit analysis, the estimate of SBP was negative but insignificant at
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even the 5% significance level. The estimate of DBP was not significant at the 1%
level but was significant at the 5% level. However, the sign was negative, and it
did not provide any evidence that high BP made the probability of CVD/HD
higher. We could not obtain indisputable evidence of the relationships between
BP and medical costs, even when the effects of diabetes and hypertension medi-
cations were considered. The influence of the 2017 ACC/AHA guideline is very
large; as stated by the members of the ACC/AHA Writing Committee [1], “The
focus is on medical practice in the United States, but guidelines developed in
collaboration with other organizations can have a global impact.” Further stu-
dies are absolutely necessary to determine the effects of BP on CDV/HD.

For non-BP variables, the estimates of Age, BMI, and Urine_protein were
positive; those of HDL, LDL, and Society 2 were negative and significant (at the
1% level) for all five models. BMI represents obesity, and the t-values were
10.988, 51.692, 32.424, 38.179, and 14.212 for the five models. They are signifi-
cant at any reasonable significance level. Obesity is related to hypertension [39]
[40] [41] [42]. Hence the recommendation to reduce obesity through lifestyle
improvement is still very important. On the other hand, hypertension medica-
tions have various side effects [43] [44], and their careful usage [45] is strongly
suggested.

LDL is often called “bad” cholesterol. However, a higher level of LDL reduced
not only the medical costs but also the probability of CVD/HD in all five models,
suggesting the necessity to revise the functions and roles of LDL. Urine_protein
could be a good indicator of an individual’s health condition.

The estimates for Females were positive and significant for the medical cost
equations except in the diabetic group, but negative for the CVD/HD equations.
Gender might be an important factor to be considered when establishing a
health index for hypertension.

Although the estimates were not significant in the non-diabetic group, trigly-
cerides reduced the medical costs and CVD/HD probabilities in other equations.
The estimator of Blood_sugar was negative in the diabetic group and positive in
the other estimations. It might be related to symptoms of diabetes. The estimates
of Urine_sugar were positive and significant for all medical cost groups. The es-
timator was also positive in the CVD/HD equation, and Urine_sugar might be
another candidate for a health indicator. For GGT, AST, and ALT, the results of
the diabetic and medication groups were opposite those of the non-diabetic and
non-medication groups in terms of medical costs. None of their estimators were
significant in the CVD/HD equation. The estimates of Societies 2 and 3 were
negative and significant (expect in the probit analysis, in which the data for So-
ciety 3 were not available), and the sizes of health insurance societies may affect

the health outcomes.

5. Conclusions

In this study, the effects of BP on medical costs and CVD/HD probabilities were
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analyzed using the transformation tobit and probit models. We used a dataset
containing 175,123 medical checkups and 6,312,125 receipts from 88,211 indi-
viduals, which was obtained from three health insurance societies. We first di-
vided the dataset by whether individuals had diabetes and were taking hyperten-
sion medications. The medical costs were analyzed by the power transformation
tobit model in a total of four groups. For the diabetic and non-diabetic groups,
we obtained results for SBP opposite to those of two previous important studies,
Le, ACCORD and SPRINT. In both the medication and non-medication groups,
the estimators of SBP were negative and significant, indicating that the higher
SBP reduced the medical cost. Next, we evaluated the probability of CVD/HD
using probit models. SBP was not significant, and DBP was significant at the 5%
level (not at the 1% level), but the estimated values were negative. These results
suggested that the 2017 ACC/AHA guideline was not supported at least for SBP,
even if the influences of diabetes and hypertension medications were removed.

For non-BP variables, the estimates of Age, BMI and Urine_protein were pos-
itive; and those of HDL, LDL, and Society 2 were negative and significant for all
five models. BMI represents obesity, and reducing BMI reduced both medical
costs and probabilities. Hence the recommendation to reduce obesity through
lifestyle improvement is very important. Although LDL is considered “bad”
cholesterol, a higher level of LDL reduced not only medical costs but also the
probability of CVD/HD in all five models. Thus it might be necessary to revise
the functions and role of LDL. Urine_protein could be a good indicator of an in-
dividual’s health condition. Although the estimates did not become significant in
some models, gender was considered to be an important factor to be considered
to establish a health index for hypertension. Urine_sugar was positive and sig-
nificant in all medical cost groups, and this might be another candidate for a
health indicator. The estimates of Societies 2 and 3 were negative and significant,
and thus the sizes of health insurance societies might affect health outcomes.

In this paper, we mainly evaluated the effects of BP on medical costs and the
probability of CVD/HD. The influence of the 2017 ACC/AHA guideline is so
large that further studies to reevaluate the relationships between BP and health
conditions should be done as soon as possible. To obtain more precise conclu-
sions, analyses using a larger dataset with a longer time-range from various in-
surance societies are necessary. Sociodemographic and clinical characteristics of
the participants are other important factors. These are subjects to be studied in

the future.
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Appendix: Sample Selection Biases

Here, we considered the problem of sample selection biases. To the best of our
knowledge, this is the first explicit representation of medical data analyses. Sup-

pose that an individual goes to a hospital or clinic and participates in a survey if
¢ =&0+w >0, (5)

where ¢ is alatent variable that represents a health condition, & and 6 are
vectors of explanatory variables (including BP levels) and parameters. Let
G = 1<g1* > 0) where 1(A) is an indicator function that takes 1 if A is true and 0
otherwise.

An individual becomes CVD/HD if

g;:§2'19+a)2>0. (6)

¢, is another latent variable, and let ¢, :l(g; >0).§2 and 9 are other
vectors of explanatory variables and parameters. (;,®,) follows a two-variate
normal distribution with a mean of zero. For the general public, the probability
of developing CVD/HD is given by

P(g,=1)=P(-w, <59)=D(59). (7)
@ is the distribution function of the standard normal distribution.
By the property of the multivariate normal distribution, we can write
w, =bw, +¢ (8)
without loss of generality. @, and & are independent and follow a standard

normal distribution. The probability that the patient participates in the survey
and develops CVD/HD is given by

P(gz =1lg :1) :E‘qu (gz =1lg :1):Ew1 {(1)(52'19+ba)1)|—a)1 <§1,0}
1

- ML@ D (&9+bp)¢(p)de

where E, is the expected value with respect to ,, and ¢ is the density

&)

function of the standard normal distribution.

Here, by partial integration, we get
j(ID(a +bp)p(@)dp =0 (a+bp)P(p) —Ib¢(a +bp)p(p)de (10)

Now,

$(a+bp)o(p) =ieXp{_%{(a+b¢)z _Hoz}}

= Lexp —%{(bz +l)(o2 +2ab¢+a2}}

2n L
1 | 1 ab ab Y (ab)2 (11)
" P _E{(bzﬂ){(”z”ﬁw(b%lj }+a2_b2+1
o ab Y, (ab) 1 )
= -exp _E{(b2+l)((p+b2+1j +a2_bz+1 :d¢{—?((p+e) }
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2 2
c=—1 , d= ! exp{az—(ab) ], e:(ab) .

b +1 N b +1 b +1
Therefore,
[* #(a+bp)g(z)dz=d[’ ¢{—L2(<p+e)2}dz =d ”*eqj(_%jdv
- * 2c * 2c (12)
c(§+e) dV
=dLO ¢(w)d—wdw=cd®{c(5+e)}
Then we get

[* ®(a+5)4(9)dgp=D(a+b5)D(6)~bed® {c(5 +e)}

P(g, =1lg =1)= cb(g;s+b§{9)—bcdqa{c(ggme)}/q)(g{e) #P(&, =1).

DOI: 10.4236/health.2018.1011115

1519 Health


https://doi.org/10.4236/health.2018.1011115

	Empirical Studies of Effects of High Blood Pressure on Medical Costs and Heart Disease: Is the 2017 ACC/AHA Guideline Supported by Enough Evidence?
	Abstract
	Keywords
	1. Introduction
	2. Data and Methods
	2.1. Data
	2.2. Power Transformation in Tobit and Probit Models

	3. Results of Analysis
	3.1. Distributions of Medical Costs
	3.1.1. Diabetic and Non-Diabetic Groups
	3.1.2. Hypertension Medication and Non-Medication Groups

	3.2. Results of the Power Transformation Tobit Models
	3.2.1. Diabetic and Non-Diabetic Groups
	3.2.2. Hypertension Medication and Non-Medication Groups

	3.3. Probit Analysis of CVD/HD

	4. Discussion
	5. Conclusions
	Acknowledgements
	Conflicts of Interest
	References
	Appendix: Sample Selection Biases

