740

Hypertension October 2006

TABLE 2. Adjusted RH for Incidence of Siroke or TIA With a BP Increase of 10 mm Hg (Systolic) and 5 mm Hg {Diastolic)

Stroke and TIA

Ischemic Stroke* Hemorrhagic Stroket

Variable

Type RH 95% Cl 1% RH 95% Ci ¥ RH 95% G 1%
Systolic
Morning BP All 1.31 11810 1.46 24.4 1.32 11610 1.50 17.4 1.34 10910 1.64 7.7
Treated 1.29 1.10t0 1.51 9.3 1.25 1.04 t0 1.50 55 1.50 1.11102.04 6.8
Untreated 1.23 1.05t0 1.45 6.4 1.24 1.02t01.52 4.6 1.16 0.86 t0 1.57 1.0
Evening BP All 1.34 1.2010 1.50 25.9 1.33 11610 1.52 16.9 1.39 112t01.71 9.3
Treated 1.30 1.0910 1.54 8.7 1.20 0.98 to 1.46 3.1 1.72 1.231t02.41 10.1
Untreated 1.28 1.0910 1.50 9.2 1.32 1.08 10 1.61 7.4 1.17 0.87 t0 1.56 1.1
Combined BP All 1.36 1.21t01.52 27.0 1.35 1.1810 1.55 18.4 1.40 11310 1.73 9.1
Treated 1.33 1.12t01.58 10.1 1.25 1.02101.53 46 1.70 1.211t02.39 9.2
Untreated 1.28 1.0810 1.51 8.3 1.30 1.06 t0 1.60 6.4 1.18 0.87 t0 1.60 1.1
Diastolic
Merning BP All 1.21 1.12101.32 20.6 1.21 11010 1.34 15.0 125 1.07t01.47 7.7
Treated 1.19 1.051t01.35 7.7 1.18 1.02t01.36 4.8 1.31 1.02101.70 43
Untreated 1.16 1.03101.31 5.6 1.16 1.00 to 1.34 3.8 1.19 0.85101.48 22
Evening BP Al 1.24 11410 1.36 24.1 1.25 1.13101.38 17.8 1.27 1.07 t0 1.48 7.8
Treated 1.23 1.08 10 1.41 9.5 1.17 1.00t0 1.37 4.0 1.52 114 102.02 8.2
Untreated 1.18 1.04101.33 6.8 1.21 1.05t0 1.41 6.5 1.12 0.89 to 1.41 1.0
Combined BP All 1.25 1.1410 1.36 239 1.25 1.13101.39 17.5 1.28 1.08t0 1.52 8.3
Treated 1.23 1.08 to 1.41 9.2 1.19 1.02101.39 47 1.45 1.09t01.92 6.6
Untreated 1.18 1.04 to 1.34 6.7 1.20 1.0310 1.40 5.4 1.17 0.92t0 1.47 1.7

Adjusted factors: age, sex, body mass index, habitual smoking, diabates mellitus, hypercholesterolemia, and past history of cardiovascular dissase. x* indicates

Wald »? tests.
*Cerebral infarction and TIA.
fintracerebral hemorrhage and subarachnoid hemorrhage.

of antihypertensive medication and home BP for suwoke risk
was not statistically significant (P=0.2 among subjects with
NT and those with morning HT). Although the risk in evening
HT subjects tended to be higher than that in the NT subjects,
there were no significant differences (all P>0.05). There
were no significant differences among morning HT, evening
HT, and sustained HT when these categories were compared
directly in the Cox model (all P>0.2).

We also compared (1) morning HT group (morning HT
and sustained HT) with the remaining 2 groups and (2)
evening HT group (evening HT and sustained HT) with the
remaining 2 groups, respectively. The stroke or TIA risk in
the evening HT group was significantly higher than that in the
remaining 2 (NT and moming HT) groups (Table 4). Fur-
thermore, individuals in the morning HT group also had a
significant stroke or TIA risk when compared with those in
the remaining 2 (NT and evening HT) groups (Table 4). The
risk in the morming HT group was more pronounced when
subjects were taking antihypertensive medications at baseline
(Table 4). There were no significant interactions between
antihypertensive medication and risk classifications (all
P>0.1).

The results of the ischemic type of stroke were essentially
similar to those of total stroke; the risk of ischemic stroke in
morning HT (RH: 3.00; 95% CI: 1.69 to 5.34) and the risk in
sustained HT (RH: 2.55; 95% CI: 1.64 to 3.97) was signifi-
cantly higher than the risk in NT, whereas the risk in evening
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HT (RH: 1.87; 95% CI: 0.78 to 4.48) was not significantly
different from that in NT. The risk of hemorrhagic type of
stroke was not assessed because of the insufficient number of
events.

Discussion
This is the first study to demonstrate the difference in the
predictive power of home BP measured at different periods of
time, that is, morning and evening. Our findings were based on
a comprehensive follow-up system in the Ohasama cohort and
on accurate diagnoses of stroke and subtypes on the basis of
computed tomography/MRI.® Our previous studies have shown
high reproducibility, reliability, and predictive power of home
BP in the morning3-71114-1722 In the Self-Measurement of
Blood Pressure at Home in the Elderly: Assessment and
Follow-Up (SHEAF) study, another prospective study to evalu-
ate the prognostic significance of home BP, elderly hypertensive
subjects with antihypertensive medication were asked to mea-
sure their BPs at home; the result indicated that the average of
morning and evening BP values was a better predictor for
cardiovascular disease than the average of casual-screening BP.#
In the present study, we demonstrated that the predictive power
of morning BP, as well as evening BP, was essentially similar to
that of combined morning and evening BP; although adding
diastolic combined BP values marginally improved the goodness
of fit in the model based on diastolic morning BP values, further
studies are required to clarify the clinical significance. However,
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TABLE 3. Adjusted RH of Home BP and Casual-Screening BP Levels for Stroke or TIA Incidence With a BP Increase of 10 mm Hg

(Systolic) and 5 mm Hg (Diastolic)

Stroke and TIA

Ischemic Stroke* Hemorrhagic Stroket

BP Variable RH 95% Ci ¥ RH 95% Cl ¥ RH 95% Cl ¥
Systolic

Morning BP 1.34 1.18t0 1.51 211 1.33 11510 1.53 14.4 1.46 11410 1.86 9.0

Casual BP 1.00 0.9t 10 1.10 0.0 1.02 0.91t01.14 0.1 0.90 0.74 10 1.08 1.3
Diastolic

Morning BP 1.23 1.1210 1.36 19.0 1.20 1.08101.35 10.7 1.40 11710 1.67 131

Casual BP 0.99 0.92101.07 0.1 1.01 0.9310 1.11 0.1 0.80 0.78101.04 2.0
Systolic

Evening BP 1.36 1.1910 1.54 215 1.34 1.1510 1.56 14.4 1.46 11410 1.88 8.8

Casual BP 1.00 0.9110 1.09 0.0 1.02 0.91t0 1.14 0.1 0.90 0.75101.08 1.3
Diastalic

Evening BP 1.27 1.1410 1.40 21.2 1.26 1.1210 1.41 14.2 1.36 1.12t01.65 9.4

Casual BP 0.98 0.91101.06 0.3 1.00 0.91101.09 0.0 0.91 0.78 10 1.06 1.6
Systolic

Combined BP 1.39 1.2210 1.59 23.2 1.37 11710 1.61 15.6 1.52 1.17 10 1.99 9.8

Casual BP 0.98 0.9010 1.09 0.1 1.01 0.90t0 1.13 0.0 0.89 0.73101.07 1.6
Diastolic

Combined BP 1.28 1,150 1.41 21.9 1.25 11110 1.41 13.4 1.42 1.17101.73 12.2

Casual BP 0.98 0.9110 1.06 0.3 1.00 0.911t0 1.10 0.0 0.89 0.77101.04 2.2

Subjects (1661), who measured casual BP in addition to home BPs, were included in the analysis. Casual BP and each home BP were simultaneously included
into the Cox model. Adjusted factors: age, sex, body mass index, habitual smoking, diabetes mellitus, hypercholesterolemia, and past history of cardiovascular disease.

X indicates Wald »? tests.
*Cerebral infarction and TIA.
fintracerebral hemorrhage and subarachneid hemorrhage.

it is noteworthy that individuals with morning HT, whose BP
values in the evening were relatively lower than those in the
morning, had a high risk similar to sustained HT, in particular,
among those taking antihypertensive medications.

E RH & §5% CI
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10
- e
@
8
£ 41 T
E
a
[3
©
tRT SHT MHT SHT
1 ! B B o
= EHT = BN
or| " M N et gy S

Figure 2. Risk of first stroke or TIA among groups. 8, sized in
proportion to the number of events observed. The NT group is
treated as the reference category for (a) all 1766 subjects, (b)
504 subjects with antihypertensive medications, and (c) 1262
subjects without antihypertensive medications. Adjusted factors
were age, sex, body mass index, habitual smoking, diabetes
mellitus, hypercholesterolemia, and past history of cardiovascu-
lar disease. M-HT indicates morning-HT; E-HT, evening-HT,;
S-HT, sustained-HT.
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Casual BP values in this study were defined as the average
of only 2 measurements; this might account for the weaker
predictive power of casual BP for stroke or TIA risk when
compared with both morning BP and evening BP. However,
in our previous study, even 1 measurement value of morning
BP on the first occasion was superior to the average of 2
casual BP values in terms of stroke or TIA prediction.?? Such
association was similarly observed in the present study for
both morning BP and evening BP (data not shown). These
results suggest that, in addition to the number of measure-
ments, other factors, such as the lack of the white coat effect,

TABLE 4. Adjusted RH for Incidence of Stroke or TIA in
Relation fo 2 of 4 (NT, Morning HT, Evening HT, and
Sustained HT) Categories

Category Type RH 95% Ci 1%
Morning HT and Al 2.29 1.65103.18 246
Sustained HT Treated 2.71 1.6110 457 14.0
Untreated 1.67 1.04 10 2.68 45
Evening HT and All 1.92 1.38102.68 14.9
Sustained HT Treated 1.78 11010 2.87 55
Untreated 1.63 0.998 t0 2.67 3.80

Each RH was expressed relative to the other 2 categories combined.
Definitions of categories were shown in Figure 1. Adjusted factors: age, sex,
body mass index, habitual smoking, diabetes mellitus, hypercholesterolemia,
and past history of cardiovascular disease. y? indicates Wald »? tests,
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may be associated with the superior predictive power of
home BP.

We reported previously that morning HT was observed
more frequently in teated hypertensive subjects than in
untreated hypertensive subjects.!! In 1992, 70% of hyperten-
sive subjects were treated with nifedipine sustained-release
tablets, nicardipine sustained-release tablets, or by diltiazem
sustained-release tablets in this Ohasama population.!3 At that
time, B-blockers, diuretics, and angiotensin-converting en-
zyme inhibitors were prescribed for 30%, 25%, and 10% of
hypertensive subjects, respectively.!?* Because the duration of
action of most antihypertensive drugs used in 1992 was <12
hours for a twice-a-day prescription and <24 hours for a
once-a-day prescription,®® it is likely that morning HT was
mediated at least in part by insufficient duration of action of
the antihypertensive drugs. Moreover, the trough/peak ratios
of most antihypertensive drugs are reported to be <50%,
although they are long-acting drugs or long-acting formu-
lae.** This may be one of the reasons why the predictive
power of morning HT for stroke or TIA risk was stronger
among treated subjects than that among all of the subjects. In
the current study, however, we did not assess changes over
time in antihypertensive treatment; it remains to be investi-
gated whether changes in antihypertensive weatment during
follow-up could modify the risk of stroke or TIA in subjects.
It must be noted that, although new long-acting calcium
channel blockers and new angiotensin II receptor blockers
have been marketed, the control of moming BP is reported to
be far from ideal even at the present time.>*

Another possibility for the stronger prediction of morning
HT in treated subjects compared with that in untreated ones is
that treatment, per se, is a sort of marker of disease severity
leading to a greater rate of events. Forty percent of the
subjects under antihypertensive medication were included in
the NT group, resulting in the low RH in the morning HT
(Figure 2a). Most of the previous reports demonstrated a
worse prognosis for treated hypertensive subjects than un-
treated hypertensive subjects.?>?” We should be concerned
about residual stroke or TIA risks in hypertensive patients.

Several Japanese studies, including ours, demonstrated that
evening BP was lower than morning BP.""1228 Conversely, 2
European studies reported that evening BP was higher than
momming BP.2930 One explanation for the difference may be
that most Japanese people bathe every night. Another reason
for the difference might be the time of evening BP measure-
ment. European studies measured evening BP in the early
evening (before dinner® or 6:00 pM to 10:00 PM*°), whereas in
Japanese studies, measurements were taken in the late
evening (before bedtime), based on the Japanese guidelines
for home BP measurement.> Approximately one third of
adults in Ohasama drink alcohol in the evening,®! and this
might also cause a transient fall in BP in the late evening.
Home BP measured in the morning under well-controlled
conditions may increase its predictive power, whereas it is
likely that the uncontrolled measurement conditions in the
evening may result in the insufficient predictive power of
evening BP, especially of evening HT, for stroke and TIA
incidence. Thus, the prognostic significance of evening home
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BP for people from other countries still remains to be
investigated.

In addition, the first measurement of home BP is reported
to be higher than the second or the third home BP values.?®
Therefore, both morning BP values and evening BP values
might be lower in the present study if the second or the third
home BP values were analyzed. However, regression to the
mean occurs during long-term measurement of home BP even
for the first measurement of home BP.3 Moreover, the
reference values for home BP have been derived from studies
in the general population that used the average of the first
measurement.®*233 Further studies are needed to clarify the
clinical significance and reference values of the second or the
third home BP values compared with the first home BP
values.

Perspectives

Morning BP, evening BP, and combined values of the 2,
respectively, were a good index for stroke or TIA risk when
these parameters were used as continuous variables. Morning
HT, which indicates HT specifically observed in the morning,
had a high predictive power for stroke or TIA risk, particu-
larly among individuals using antthypertensive medication.
We conclude that home BP measurements are applicable to
the intervention strategy for primary prevention of cardiovas-
cular disease in individuals whether they measure home BP in
the morning or in the evening, whereas morning HT based on
home BP might be a good indicator for uncontrolled man-
agement of HT.
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Medical costs of patients with hypertension and/or diabetes:
a 10-year follow-up study of National Health Insurance in

Shiga, Japan

Koshi Nakamura® Tomonori Okamura®, Hideyuki Kanda®, Takehito Hayakawa®,
Akira Okayama® and Hirotsugu Ueshima? for the Health Promotion Research
Committee of the Shiga National Health Insurance Organizationsx

Background and methods A cohort study investigating
medical costs associated with the combination of
hypertension and diabetes was conducted. The
participants included 4535 community-dwelling Japanese
individuals, aged 40~69 years, who were classified

into the following four categories: ‘Neither hyperiension
nor diabetes’, ‘Hypertension alone’, ‘Diabetes alone’

or ‘Both hypertension and diabetes’. Medical costs per
person per month were compared among the four
categories.

Results and conclusion Of the study population,

1.3% had both hypertension and diabetes. During the
10-year follow-up period, participants with both
hypertension and diabetes incurred higher medical costs,
as compared with those without hypertension, diabetes or
their combination, even after adjustment for other

Introduction

Tt is well recognized that both hypertension [1,2] and
diabetes [3,4] are major economic burdens on the health-
care system. In addition, the combination of hypertension
and diabetes is common [5,6], increasing the risk for
macrovascular and microvascular complications [7-10],
which may increase medical costs. Japan has a relatively
higher incidence or mortality of stroke, especially hemor-
rhagic stroke [11-14], compared with western countries,
mainly due to a higher prevalence of hypertension in
Japan [13,15]. Furthermore, the mean level of blood
pressure among the Japanese is higher than among
western populations [15-18].

To our knowledge, only a few studies have measured
medical costs of individuals with both hypertension and
diabetes compared with individuals with only one of
these conditions, and the follow-up was short (< 2 years)
[19,20]. A longer follow-up period, however, would be
expected to provide a more accurate cvaluation of
medical costs, because many of the complications of
hypertension and diabetes may require substantial time
to develop [21,22].

We therefore attempted to measure medical costs over a
10-year period in Japanese community-based individuals
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with both hypertension and diabetes, and to compare
these with the medical costs of individuals with just
hypertension, diabetes or neither of these conditions.

Population and methods

Medical costs

In Japan, medical costs are based on the original medical
insurance institution [23,24], which is under the control of
the National Government. This official medical insurance
institution consists of two insurance systems. Every-
one living in Japan is required to enroll in either insurance
system and there is no private medical insurance. The
eligibility for each insurance system is the following:
the first system is for employees and their dependants,
while the other system is for self-employed individuals
such as farmers and fishermen, as well as retirees and their
dependants. The former insurance system covers 65.3% of
the overall population, while the latter covers the remain-
ing 34.7%. All eligible beneficiaries in either insurance
system must pay an annual fee to help fund the system. In
principle, both insurance systems guarantee that every
beneficiary can have any medical services forany condition
at any clinic or hospital throughout Japan. Medical costs
depend upon the medical services a beneficiary receives at
a clinic or hospital. No taxes are imposed on the medical
costs. The clinic or hospital requests medical costs from
both the insurance system and the beneficiary, with insur-
ance paying 70% and the beneficiary paying 30%. In the
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present study, total medical costs were divided into out-
patient and inpatient medical costs.

Study design and participants

The cohort in the present study comprised 4535 Japanese
beneficiaries of the National Health Insurance (NHI),
the insurance system for self-employed individuals. The
details of the present cohort have been reported pre-
viously [2]. The participants, aged 40—69 years, lived in
seven rural towns and a village in Shiga Prefecture,
West Japan and had undergone a baseline survey in
1989-1991. In 1990, the study area had 82 155 residents,
including 31 564 individuals aged 40-69 years old, of
whom 11 900 were NHI beneficiaries [25]. The partici-
pants in the present study therefore represented approx-
imately 38% of all NHI beneficiaries aged 40-69 years
living in this area. Monthly NHI claim history files of the
Shiga NHI Organizations were linked with the baseline
survey data files at the Organizations. In order to protect
the participants’ privacy, their names were deleted from
the linked data at the Organizations. The data were
therefore analyzed without knowledge of the partici-
pants’ identity. The present study was approved by
the Institutional Review Board of Shiga University of
Medical Science for ethical issues (No. 16—15).

Data collection

The baseline survey was performed during the period
1989-1991 using standardized methods in accordance
with the Manual for Health Check-ups under the Medical
Service Law for the Aged, issued by the Japan Public
Health Association in 1987 [26]. Blood pressures were
measured by well-trained public health nurses in the right
arm 1n the sitting position using a standard mercury
sphygmomanometer after the participants had rested for
at least 5 min. The use of antihypertensive medications
and a history of diabetes were obtained from interviews
conducted by well-trained public health nurses and
medical doctors. Hypertension was defined as a systolic
blood pressure of at least 140 mmHg, a diastolic blood
pressure of at least 90 mmHg or taking antihypertensive
medication. Diabetes was defined as having a history of
diabetes. The prevalence of type 1 diabetes in the Japa-
nese population (< 0.01%) is considerably less than in
western populations (0.1-0.3%), even among young indi-
viduals [27]. We therefore believe that the majority of
diabetics in the cohort of 4535 participants had type 2
diabetes. On the basis of this information, all participants
were classified into the following four categories: ‘Neither
hypertension nor  diabetes’, ‘Hypertension alone’,
‘Diabetes alone’ or ‘Both hypertension and diabetes’.
Smoking and drinking habits were also evaluated by the
interviews. Body height and weight were measured and
the body mass index was calculated as the body weight (kg)
divided by the square of the height (m). Serum total
cholesterol levels were measured by an enzymatic
method.

We evaluated medical costs per person and the hazard
ratio for all-cause mortality in each of the four caregories
after a 10-year follow-up period. Information on medical
costs for each participant and information on participants
who withdrew from the NHI or those who died were
obtained from the monthly NHI claim history files,
beginning from April in the year following their initial
health check-up until March 2001. Costs were expressed
in Euros, Japanese Yen and US dollars (100 Japanese
Yen = €0.72 or US$0.85, at the foreign exchange rate
on 1 January 2006). Data on medical costs for each
participant differed depending upon the period of sub-
scription to the NHI. The medical costs for each parrici-
pant were therefore divided by the period of subscription,
and expressed as costs per month of follow-up. If a
beneficiary withdrew from the NHI or died, follow-up
was stopped at that point. Follow-up was restarted for
beneficiaries who withdrew and then re-enrolled in the
NHI Reasons for withdrawal from the NHI included
moving to regions outside of Shiga Prefecture or transfer
to the other insurance system.

Data analysis

Because the distribution of real medical costs was posi-
tively skewed, the data were logarithmically transformed
to normalize the distribution and the results expressed as
geometric means. For participants with costs of 0 Japa-
nese Yen per month, the logarithmic transformations
were performed by replacing 0 Yen with 1 Yen. There
were 15 participants with total medical costs of 0 Yen and
16 participants with outpatient medical costs of 0 Yen. For
comparison of total and outpatient medical costs per
person in each category, we performed an analysis of
covariance with the Bonferroni correction to adjust the
P value for multiple post-hoc comparisons. The analysis
of covariance incorporated the following variables as
covariates: age (40—44, 45-49, 50-54, 55-59, 60-64 or
65-69 years old, using five dummy variables with 40-44
as a reference), sex, body mass index, smoking habit
(nonsmoker or current smoker), drinking habit (nondrin-
ker, current occasional or current daily drinker, using two
dummy variables with nondrinkers as a reference) and
serum total cholesterol. Because 2606 participants
(57.5%) had inpatient medical costs of 0 Yen, logarithmic
transformations were not performed, and the Wilcoxon’s
rank sum test was used to compare inpatient medical
costs among the four categories.

A Cox proportional hazards model for all-cause mortality
was used to calculate hazard ratios of each category, with
the ‘Neither hypertension nor diabetes’ category as a
reference. This model incorporated the same covariates
listed above.

The analyses were repeated on data collected during
the first and second halves of the follow-up period,
because single assessment of hypertension and diabetes
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conducted at baseline may show different associations
between these diseases and medical costs or all-cause
mortality after stratification of the follow-up period.

The statistical package SPSS 11.0] for Windows (SPSS
Japan Inc., Tokyo, Japan) was used for the statistical
analyses. All probability values were two-tailed and the
significance level was set at P values less than 0.05.

Results

Table 1 summarizes the baseline risk characteristics of
the 4535 participants, grouped according to their hyper-
tension and diabetes status. Of all the participants, 1.3%
(men, 1.7%; women, 1.1%) had both hypertension and
diabetes, while 34.8% had hypertension alone and 1.7%
had diabetes alone. The ‘Both hypertension and dia-
betes’ group had the highest mean age and body mass
index in both sexes and the highest mean level of serum
total cholesterol in men.

"The total person-years were 41 536 and the mean follow-
up time was 9.2 years. When we performed sex-specific
analyses of the medical costs or all-cause mortality among
the four categories, the results were similar for men and
women. We therefore reported these relationships for
both sexes combined. As shown in Table 2, during the
10-year follow-up period the total medical costs per
person in the ‘Both hypertension and diabetes’ category
[€293 (40 655 Yen or US$346) per month] were higher
than in the ‘Neither hypertension nor diabetes’ category
[€120 (16699 Yen or US$142)], in the ‘Hypertension
alone’ category [€178 (24 704 Yen or US$210)], and in
the ‘Diabetes alone’ category [€278 (38547 Yen or

Hypertension/diabetes and medical costs Nakamura et al. 2307

US$328)]. Even after adjusting for other confounding
factors, similar differences in personal medical costs
among the four categories were still observed. The
adjusted hazard ratio of the ‘Both hypertension and
diabetes’ category for all-cause mortality (2.21; 95%
confidence interval, 1.11-4.42) was also higher com-
pared with the ‘Neither hypertension nor diabetes’
category.

When the analyses were repeated on data collected
during the first and second halves of the follow-up period,
the resules for each half were the following. For the first
half, the personal medical costs in the ‘Neither hyper-
tension nor diabetes’, ‘Hypertension alone’, ‘Diabetes
alone’ and ‘Both hypertension and diabetes’ categories
were €103 (14 315 Yen or US$122) per month, €140
(19 434 Yen or US$165), €243 (33 743 Yen or US$287)
and €233 (32315 Yen or US$275), respectively. Costs
for the second half, however, were €138 (19 214 Yen or
US$163), €230 (31 880 Yen or US$271), €252 (35 009 Yen
or US$298) and €493 (68 521 Yen or US$582), respect-
ively. The results of the multivariate-adjusted costs for
each half also showed a pattern that was similar to the
results for the entire 10-year period (Table 2).

Discussion

We carried out a 10-year follow-up study between 1990
and 2001 and demonstrated that Japanese participants
with hypertension alone, those with diabetes alone and
those with both hypertension and diabetes had increased
personal medical costs by 1.5-fold, 2.3-fold and 2.4-fold,
respectively, compared with those without hypertension
and diabetes. The costs of the combined condition were

Table 1 Baseline risk characteristics in 1989-1991 of 4535 National Health Insurance beneficiaries in Shiga, Japan, grouped by sex and

hypertension and diabetes status

Hypertension and diabetes category

Neither Hypertension alone Diabetes alone Both P value
Men
Number of participants 1157 53 33
Distribution (%) (59.7) (35.9) (2.7) .7
Age (years)® 52,5 +8.3 55,7 £ 7.9 58.7 £ 6.3 59.8 £ 5.8 < 0.01
Body mass index {kg/m?)? 222425 23.3 4+ 2.9 219+ 26 23.8+28 < 0.01
Smoking habit® 0.67
Current smoker (%) 61.0 64.2 57.6
Drinking habit® 0.01
Occasional drinker (%) 23.4 20.8 121
Daily drinker (%) 54.8 54,7 60.6
Serum total cholesterol (mmol/l)® 4,83 +0.88 4.91 £+ 0.97 4.68 + 0.80 5.12 + 0.80 0.04
Women
Number of participants 1661 883 24 28
Distribution {9%) (64.0) (34.0) 0.9) (1.1)
Age (years)® 53.0 4 8.0 571 +£7.3 56.5 + 7.9 60.3 £ 5.5 < 0.01
Body mass index (kg/m?)? 225+ 28 24.0 £ 341 23.2+35 24.9 + 3.3 < 0.01
Smoking habit® 0.16
Current smoker (%) 4.0 2.4 4.3 0.0
Drinking habit® 0.50
Occasional drinker (%) 16.8 156.8 17.4 7.1
Daily drinker (%) 3.7 4.2 8.7 0.0
Serum total cholesterol (mmol/f)® 5.16 £ 0.89 5.43 4 0.94 519 +0.77 5.41 +£0.78 < 0.01

Data presented + SD. *One-way analysis of variance. "Chi-squared test.
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Table 2 Medical costs per person and all-cause mortality grouped by hypertension and diabetes, after 10-year follow- up from 1980 to0 2001, in
National Health Insurance in Shiga, Japan

Medical costs per person per month

Total

Outpatient Inpatient All-cause mortality
Hypertension and Number of Arithmetic Adjusted Arithmetic Adjusted Arithmetic Adjusted
diabetes category participants mean geometric mean® mean geometric mean® mean® Number hazard ratio®
Neither 2818 €120 €64 €56 112 1.00
(16 699 Yen) 7473 Yen (8946 Yen) 5547 Yen (7770 Yen)
(US$1492) (Us$7e) (US$6s)
Hypertension alone 1579 €178 €100 €77 88 1,15 (0.86~1.55)
(24 704 Yen) 10 067 Yen® (13 940 Yen) 7548 Yen® (10 762 Yen)
(US$210) (Us$118) (Usset)
Diabetes alone 77 €278 €130 €148 6 1.16 (0.51-2.65)
(38547 Yen) 14 545 Yen® (17 999 Yen) 10583 Yen® (20 548 Yen)
(US$328) (US$153) (US$175)
Both 61 €293 €168 €123 9 2.37 {1.19-4.74)
(40 855 Yen) 19111 Yen®* (23 511 Yen) 12531 Yen®® (17 144 Yen)
(US$348) (US$200) {US$146)
P value < 0.01 < 0.01 < 0.01

100 Japanese Yen = €0.72 or US$0.85, at the foreign exchange rate on 1 January 2006. *Analysis of covariance adjusted for age, sex, body mass index, smoking habit,
drinking habit and serum total cholesterol. ®Significance, versus neither, for multiple post-hoc comparisons with Bonferroni correction, P < 0.05. °Significance, versus
hypertension alone, for multiple post-hoc comparisons with Bonferroni correction, P < 0.05. “Wilcoxon's rank sum test. ®Analysis of a Cox proportional hazards regression
model adjusted for age, sex, body mass index, smoking habit, drinking habit and serum total cholesterol, Values in parentheses indicate the 85% confidence interval of the

hazard ratios.

higher than the medical costs of hypertension or diabetes
alone by 1.6-fold and 1.1-fold, respectively.

French e a/. [19] reported medical costs of Americans
with hypertension and/or diabetes during 1 year between
2001 and 2002. Medical costs of the combined condition
were higher than costs of hypertension or diabetes alone
by 2.3-fold and 1.4-fold, respectively [19]. Amin e 2/. [20]
also reported the costs of Americans with hypertension
and/or diabetes during 2 years between 1995 and 1997.
Medical costs of the combined condition were higher than
costs of hypertension or diabetes alone by 1.6-fold [20]. Our
results after 10 years of follow-up were similar to the pre-
vious results after short-term follow-up, although medical
costs may differ between the United States and Japan.

Previous studies reveal that individuals with either hy-
pertension or diabetes have an approximately two-fold
increased risk of cardiovascular disease [7,8]. Further-
more, individuals with both hypertension and diabetes
have approximately double the risk of those with just
hypertension or diabetes {7,8]. In diabetic individuals,
the risk of diabetic macrovascular complications is also
associated with elevated blood pressure [9]. As a result,
individuals with both hypertension and diabetes have
more medical care utilization and lower health status than
those without these conditions or with either condition
alone [5]. In fact, higher all-cause mortality of the study
participants with both conditions supports this sugges-
tion. We therefore believe that the combined condition
may increase medical costs due not only to medications
for diabetes and hypertension, bur also to medications for
serious complications resulting from these conditions.
Increased medical costs of the study participants with
diabetes alone, compared with those with hypertension

alone, are consistent with previous findings that diabetes
is associated with more medical care utilization and lower
health status than hypertension [5]. These previous find-
ings tend to support the results of our study.

The present study has several limitations, First, the
official medical insurance institution in Japan differs from
that in other countries. Absolute values of medical costs
for the participants with hypertension and/or diabetes in
the present study may therefore not be directly compar-
able with other populations. Increased medical costs in
individuals with hypertension and/or diabetes, however,
are probably a general finding that applies to all popu-
lations. Second, we were not able to determine the
prevalence or severity of other disease in the NHI ben-
eficiaries at the baseline survey, and this may have
influenced medical costs during follow-up. The NHI
beneficiaries in the present study, however, consisted
of healthy community-dwelling individuals who partici-
pated in the baseline survey without the need of assist-
ance. We therefore believe that most of the participants
were free of serious disease at baseline. Third, the costs of
hypertension in the present study were estimated on the
basis of a single measurement of blood pressure, whereas
the costs of diabetes were estimated on the basis of an
interview for diabetes. Classification of participants based
on a single measurement of blood pressure is likely to
overestimate the prevalence of hypertension. This over-
estimation leads to a regression dilution bias, which
reduces the predictive power of hypertension. The differ-
ences in medical costs between the hypertensive and
nonhypertensive categories may consequently have been
underestimated in the present study. The difference in
costs between the diabetic and nondiabetic categories may
also have been underestimated, although self-recollection
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of the diagnosis of diabetes is likely to underestimate
the prevalence of diabetes. Fourth, we had no serial
data on hypertension and diabetes after the baseline
survey. Despite the lack of serial data, we believe that
our results, based on a single baseline survey and 10-year
follow-up, support our conclusions that the presence
of hypertension and/or diabetes increases long-term
medical costs. Finally, the details of the medical
diagnoses, medical treatment status (e.g. prescriptions),
clinical condition and cause of mortality were not avail-
able in the present study. Further studies are therefore
needed to clarify the effect of these variables.

In conclusion, individuals with both hypertension and
diabetes may be a greater burden on medical economics,
as compared with those with just hypertension or dia-
betes. In order to relieve this economic burden, preven-
tion of hypertension and diabetes is recommended for
individuals at risk of developing either or both of these
conditions. Appropriate treatment for hypertension and
diabetes is also necessary for those with both or either of
these conditions.

Acknowledgements

The present study was performed as part of the research
work of the Health Promotion Research Committee of
the Shiga NHI Organizations. The authors are grateful to
the Shiga NHI Organizations.

References

1 Hebel JR, McCarter RJ, Sexton M. Health care costs for employed
hypertensives, Med Care 1890; 28:446~457.

2 Nakamura K, Okamura T, Kanda H, Hayakawa T, Kadowaki T, Okayama A,
et al. Health Promotion Research Committee of the Shiga National
Insurance Organizations. Impact of hypertension on medical economics:
a 10-year follow-up study of National Health Insurance in Shiga, Japan.
Hypertens Res 2005; 28:859~864,

3 Brown IB, Nichols GA, Glauber HS, Bakst AW. Type 2 diabetes:
incremental medical care costs during the first 8 years after diagnosis.
Diabetes Care 1999; 22:1116~1124,

4 Nichols GA, Brown JB. Higher medical care costs accompany impaired
fasting glucose. Diabetes Care 2005; 28:2223-2228.

5 Natarajan S, Nietert PJ. Hypertension, diabetes, hypercholesterolemia, and
their combinations increased health care utilization and decreased health
status. J Clin Epidemiol 2004; 57:954~961,

6 Hypertension in Diabetes Study (HDS). I. Prevalence of hypertension in
newly presenting type 2 diabetic patients and the association with risk
factors for cardiovascular and diabetic complications. J Hypertens 1893;
11:308-317.

7 Fuller JH, Shipley MJ, Rose G, Jarrett RJ, Keen H. Coronary-heart-disease
risk and impaired glucose tolerance. The Whitehall study. Lancet 1980;
1:1373~1376.

8 Hu G, Sarti C, Jousilahti P, Peltonen M, Qiao Q, Antikainen R, et al. The
impact of history of hypertension and type 2 diabetes at baseline on the
incidence of stroke and stroke mortality. Stroke 2005; 36:2538~-2543,

9 Adler Al, Stratton IM, Neil HA, Yudkin JS, Matthews DR, Cull CA, ef al.
Association of systolic blood pressure with macrovascular and
microvascular complications of type 2 diabetes (UKPDS 36): prospective
observational study. BMJ 2000; 321:412-419,

10 Hypertension in Diabetes Study (HDS). Il. Increased risk of cardiovascular
complications in hypertensive type 2 diabetic patients. J Hyperiens 1993;
11:318-325; errata 681,

11 Bonita R, Stewart A, Beaglehole R, International trends in stroke mortality:
1970~1986. Stroke 1990; 21:989-992.

12 Kita Y, Okayama A, Ueshima H, Wada M, Nozaki A, Choudhury SR, ef al.
Stroke incidence and case fatality in Shiga, Japan 1889-~19983, Int J
Epidemiol 1998; 28:1059-1065.

Hypertension/diabetes and medical costs Nakamura et al. 2309

13 Shimamoto T, Iso H, lida M, Komachi Y. Epidemiology of cerebrovascular
disease: stroke epidemic in Japan. J Epidemiol 1996; 6 (Suppl):543-547.

14 Tanaka H, Iso H, Yokoyama T, Yoshiike N, Kokubo Y, Oxford textbook of
public health. 4th ed. In: Detels R, McEwen J, Beaglehole R, Tanaka H,
editors. Major health problems (cerebrovascular disease), Vol 3. Oxford:
Oxford University Press; 2001. pp. 1193-1226.

18 Ueshima H, Okayama A, Kita Y, Choudhury SR. Current epidemiology of
hypertension in Japan [in Japanese]. Nippon Rinsho 1997; 55:2028-2033.

16 Sekikawa A, Ueshima H, Zaky WR, Kadowaki T, Edmundowicz D, Okamura
T, et al. Much lower prevalence of coronary calcium detected by electron-
beam computed tomography among men aged 40—49 in Japan than in the
US, despite a less favorable profile of major risk factors. Int J Epidemiol
20056, 34:173-179.

17 The Ministry of Health and Welfare. The 4th national survey on circulatory
disorders [in Japanese]. Tokyo: Ministry of Health and Welfare; 1993,

18 Kuulasmaa K, Tunstall-Pedoe H, Dobson A, Fortmann S, Sans S, Tolonen
H, et al. Estimation of contribution of changes in classic risk factors to
trends in coronary-event rates across the WHO MONICA Project
populations. Lancet 2000; 355:675-687.

19 French MT, Mundt MP, Fleming M, Zavala SK. The cost of medical care for
patients with diabetes, hypertension and both conditions: does alcohol use
play a role? J Intern Med 20085; 258:45-54,

20 Amin SP, Mullins CD, Duncan BS, Blandford L. Direct health care costs for
treatment of diabetes mellitus and hypertension in an IPA-group-model
HMO. Am J Health Syst Pharm 1999; 56:1515~1520,

21 FoxCS, Sullivan L, D'Agostino RB Sr, Wilson PW, Framingham Heart Study.
The significant effect of diabetes duration on coronary heart disease mortality:
the Framingham Heart Study. Diabetes Care 2004; 27:704-708,

22  Wirta OR, Pasternack Al, Oksa HH, Mustonen T, Koivula TA, Helin HJ,
et al. Occurrence of late specific complications in type Il (non-insulin-
dependent) diabetes mellitus. J Diabetes Complications 1995;9:177~1885,

23 Health and Welfare Statistics Association. 2004 Kokumin Eisei no Doko
(Trend for national health and hygiene, Japan) [in Japanese]. Tokyo: Health
and Welfare Statistics Association; 2004.

24 Health and Welfare Statistics Association. 2004 Hoken to Nenkin no Doko
(Trend for insurance and pension, Japan) [in Japanese]. Tokyo: Health and
Welfare Statistics Association; 2004,

25 Shiga Prefectural Government. Heisei 2-nendo Shiga-ken Tokeisyo (1980
data of Shiga prefecture) {in Japanese]. Otsu: Shiga Prefectural
Government; 1922,

26 The Ministry of Health and Welfare. Manual for health check-ups under
medical service law for the aged [in Japanese]. Tokyo: Japan Public Health
Association; 1887,

27 Ekoe JM. Recent trends in prevalence and incidence of diabetes mellitus
syndrome in the world. Diabetes Res Clin Pract 1986; 1:249-264,

Appendix: The Health Promotion Research
Commitiee of the Shiga NHI Organizations
Chairman: Hirotsugu Ueshima (Department of Health
Science, Shiga University of Medical Science).

Participating Researchers: Shigeo Yamashita (Kohoku
General Hospital), Tomonori Okamura (Department of
Health Science, Shiga University of Medical Science),
Yoshinori Tominaga (Kohka Public Hospital), Kazuaki
Katsuyama (Owsu Public Health Center), Fumihiko
Kakuno (Nagahama Public Health Center), Machiko
Kitanishi (Higashiomi City Yokaichi Public Health
Center).

Associate Researchers: Koshi Nakamura (Department of
Health Science, Shiga University of Medical Science),
Hideyuki Kanda (Department of Hygiene and Preven-
tive Medicine, Fukushima Medical University).

Secretary Members: Yukio Tobira, Kanchiro Okamura,
Kiminobu Hatta, Takao Okada, Michiko Hatanaka (the
Shiga NHI Organizations).

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction cf this articla is prohibited.

150



(2) BEERROEREZORE ; BERERaS— MIBIT 2 10 EFOBBNC X 5 HR5
R SR, MM B, BB AW (WEERKRFHSEFHRERLREERS)

[ BB ] EAREIBIAECO/EDB[RBIE T LEHELXHY , F-EHOPLEA ANTLHE
EaLBETHEBEBRLR2~OEITORETLH A, Z07ED, EARNIELNDEET
TEREEDN LA THFAEERXDHY, TNZ2ERFAEICL > THLMNZITAZ &L 2R AL
77

[ it ] BEENO 7B 1FICEIT 5 40-69 50 B EEEMABRIMAE 4,490 4 (5B
P 1,920 40, %k 2,561 4) %49 10 FHEBF Lz, 3 %%#ﬁ’ﬁﬁé%&ﬁ@ﬁﬁ
WWkoT,xd&EFLE TERRRL; (=) ~ ()] & [BEER®YD ; (+) ~ (+++)]
@2O®ﬁ?ﬁ9MK%HT\%ﬁTﬂ)~@wA%hD@E%%k§%l%®ﬁy
R, T O — RN (BERRZ LEERE) 250 M L7,

[ R JEARPARONIFOEEIIESNRE 4,490 4F 1. 0% CThol, RITRT
ErE, FEAT IV —— A oEER (BIFFEE) 1320,029 (H/A) (EARR
L). 37,494 (B/H) (BARBY) ThoTo, ZO2HOREEREREE (BMEH) b
FEREmMEZRL. RtEHEEE2RDE, £, EARO VY HIZBWTIEREA
Fed A4 v Xt (1.54) HRRETOANY— K (1.60) b EREEZF L,

[ i ] BARVPRONDETEARBRRTHREFE - TEREN LAY D LN
5, ¥, BAREHROERB LAZTRATOHEEL 2D EEAOND.
% — ADIEVERE, REABROLy X HLLRIEE QNP QR ERR—)

EAR p—— — ANBHIEVEFREE/A) RFEAR W
BT BHREY)  BAEE) * r—R¥ YR (95%CD*  r—2g A~ F—RE (95%CD *
BERRL 4,443 20,029 8,451 1,883 1.00 209 1.00
EERHY 47 37,494 14,200 26 1.54 (0.84-2.84) 5 1.60 (0.64-4.03)
P<0.01

* LR Hn EBMIMW*&@lmlﬁmF[amrﬁﬁfmw%TD~»'%mF%ﬁ%

[ FEAFEDONE ]

Nakamura K, Okamura T, Kanda H, Hayakawa T, Okayama A, Ueshima H. Medical costs
of individuals with proteinuria: A 10-year follow—up study of National Health
Insurance in Shiga, Japan. Public Health 2007; 121: 174-176.

151



Public Health (2007) 121, 174-176

AR

EISEVIER

Short Communication

PUBLIC
—=ALTH

JOURNAL OF THE ROYAL INSTITUTE OF PUBLIC HEALTH

www.elsevierhealth.com/journals/pubh

Medical costs of individuals with proteinuria:
A 10-year follow-up study of National Health

Insurance in Shiga, Japan

Koshi Nakamura®™, Tomonori Okamura®, Hideyuki Kanda®,
Takehito Hayakawa®, Akira Okayama“, Hirotsugu Ueshima?,
for the Health Promotion Research Committee of the Shiga National

Health Insurance Organizations

®Department of Health Science, Shiga University of Medical Science, Seta Tsukinowa-cho,

Otsu City, Shiga, Japan

®Department of Hygiene and Preventive Medicine, Fukushima Medical University, Fukushima City,

Fukushima, Japan

“Department of Public Health Science, Shimane University School of Medicine, Izumo City, Shimane, Japan
4Department of Preventive Cardiology, National Cardiovascular Center, Suita City, Osaka, Japan

Received 2 February 2006; received in revised form 31 May 2006; accepted 13 July 2006

Available online 19 October 2006

Proteinuria is associated with all-cause and cardi-
ovascular mortality,’ in addition to being a marker
of progression towards end-stage renal disease.? It
is therefore likely that proteinuria may lead to an
increase in medical costs. However, to our knowl-
edge, the relationship between proteinuria and
medical costs has never been measured. We there-

*Corresponding author. Tel.: +81775482191;
fax: +81775439732.
E-mail address: ksnkmr@belle.shiga-med.ac.jp
(K. Nakamura).

fore attempted to measure this relationship in a
10-year follow-up study.

The cohort in the present study comprised 4490
community-dwelling Japanese participants, aged
40-69 years (mean age, 54.3 years; 57% female),
who were beneficiaries of the National Health
Insurance System. The present study was approved
by the Institutional Review Board of Shiga
University of Medical Science for ethical issues
{No.16-15). The baseline survey was carried out
between 1989 and 1991, and included a spot urine
test using a dipstick. The results of the test for
proteinuria were recorded as (-), (+), (1+), (2+) or

0033-3506/5 - see front matter © 2006 The Royal Institute of Public Health. Published by Elsevier Ltd. All rights reserved.
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(3+). We defined proteinuria as readings of (1+),
(2+) or (3+) and non-proteinuria as readings of (-) or
(+). Information on the medical insurance costs for
each participant and also information on with-
drawal from the insurance system or death was
obtained from monthly claim history files over the
period from April in the year following the health
check-ups until March 2001. The data obtained on
medical costs for each participant differed depend-
ing upon the period of subscription to the insurance
system. The medical costs for each participant
were divided by the period of subscription, and
expressed as costs per month of follow-up. If a
beneficiary withdrew from the insurance or died,
the follow-up was stopped at that point.

We then evaluated the medical costs per person
for each urinary category over a 10-year follow-up
period. For statistical analysis, we performed an
analysis of covariance adjusted for potential con-
founding variables using logarithmically trans-
formed data for costs. In addition, we evaluated
the risk of cumulative hospitalization and all-cause
mortality, by using a logistic regression model and a
Cox proportional hazards model, respectively. The
statistical analysis package SPSS 11.0J for Windows
was used for these analyses. All probability values
were two-tailed, and the significance level was set
at P<0.05.

At baseline, the number of participants with (-),
(4), (1+), (2+) and (3+) protein levels in their urine
test were 4411 (98.2%), 32 (0.7%), 31 (0.7%), 15
(0.3%) and 1 (<0.1%), respectively. While protei-
nuria was present in only 1.0% of the population, as
shown in Table 1, there was a positive relationship
between proteinuria and total medical costs per
person, expressed as arithmetic means. The differ-
ence in the costs was statistically significant, even
after adjustment for hypertension, diabetes melli-
tus and other factors (Geometric means: 8,451
Japanese Yen (non-proteinuria) vs. 14,200 Yen

(proteinuria); P<0.01). Proteinuria also tended to
lead to an increased risk of hospitalization and all-
cause mortality. The adjusted odds ratio of protei-
nuria for cumulative hospitalization was 1.54 (95%
confidence interval, 0.84-2.84) and the adjusted
hazard ratio of proteinuria for all-causes mortality
was 1.60 (0.64-4.03).

Proteinuria is generally regarded as a sensitive
predictor of end-stage renal disease.” End-stage
renal disease is the most costly proteinuria-related
disease, because individuals with this condition
require either long-term dialysis, especially in
Japan, or kidney transplantation, both of which
are expensive treatments.>” The number of in-
dividuals with end-stage renal disease has been
increasing year by year in developed countries.>™
Proteinuria is also a predictor of cardiovascular
disease, because it is a marker of severe hyperten-
sion and diabetes mellitus,®® both of which are
major risk factors for cardiovascular disease.’'
Some participants with proteinuria in the present
study may have had increased protein excretion as
a result of either hypertensive organ damage or
microangiopathy associated with diabetes mellitus.
Such participants may incur high medical costs as a
result of these cardiovascular events. In fact, at
baseline 66% of the participants with proteinuria
were hypertensive and 11% had diabetes. Moreover,
proteinuria led to increased medical costs, even
after adjustment for hypertension and diabetes
mellitus. These results therefore provide support
for our hypothesis.

The details of medical diagnoses, medical treat-
ment status, clinical condition and cause of
hospitalization and mortality were not available
in the present study. It was therefore unclear what
disease led directly to the increase in medical
costs and events in the participants with proteinur-
ia. Furthermore, in recent times proteinuria

can be more accurately determined using the
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microalbuminuria assay. Regardless of these issues,
we consider further investigations on the relation-
ship between proteinuria and medical costs or
medical events are warranted.

This is the first study to assess the medical costs
of individuals with proteinuria in a community-
based population. Individuals with proteinuria may
incur high medical costs in the future through
mortality after hospitalization for events related to
proteinuria.
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