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Abstract
Despite clear evidence of the benefits of lowering blood pressure among patients with hypertension, the treatment rate
remains <40% worldwide. In the present trial, we aimed to investigate the effects of the early promotion of clinic visits
among patients with untreated hypertension detected during annual health checkups. This was a worksite-based, parallel
group, cluster-randomized trial with blinded outcome assessment. Employees of 152 Japanese supermarket stores found to
have untreated hypertension (blood pressure levels ≥ 160/100 mmHg) during health checkups were assigned to an early
promotion group (encouraged to visit a clinic in face-to-face interviews and provided with a referral letter to a physician as
well as a leaflet) or a control group (received usual care), according to random assignment. The primary outcome was the
completion of a clinic visit within 6 months. Odds ratios with 95% confidence intervals for the early promotion group versus
the control group were estimated using multilevel logistic regression with random effects of clusters. A total of 273
participants (mean age 50.3 years, 55% women) from 107 stores were assigned to the early promotion group (138 from
55 stores) or control group (135 from 52 stores). During the 6-month follow-up, 47 (34.1%) participants in the early
promotion group visited a clinic, as did 26 (19.3%) in the control group (odds ratio 2.33, 95% confidence interval 1.12–4.84,
P= 0.024). Early promotion using a referral letter during health checkups significantly increased the number of clinic visits
within 6 months completed by participants with untreated hypertension (UMIN000025411).
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Introduction

Hypertension is one of the most important modifiable risk
factors for cardiovascular disease (CVD). Many clinical
trials have clearly shown protective effects of blood
pressure (BP)-lowering treatment against CVD, which
appears to be mostly explained by a reduction in BP levels
[1–4]. However, the treatment rate of hypertension
remains under 40% worldwide [5, 6] and ~40% among
Japanese people [7–9]. In the Japanese health care system,
untreated hypertension is most frequently detected during
annual health checkups [10, 11], and medical follow-up
by community physicians is the first gateway to assess the
need for BP-lowering medication. However, most of these
individuals do not visit a clinic afterward [12]. Reducing
the evidence–practice gap requires strategies to promote
early clinic visits after the detection of untreated hyper-
tension in health checkups. The aim of the present cluster-
randomized trial was to investigate the effects of the early
promotion of visits to a clinic among patients with
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untreated hypertension that was detected during health
checkups.

Methods

Japanese health care system and setting

Under the universal coverage principal of 1961, all residents
in Japan are required to enroll in a health insurance system,
according to their occupation and ages. Employees’ health
insurance is for salaried workers and their dependent family
members. Beneficiaries may freely visit any approved
hospital or clinic. Fees for medical services at all approved
hospitals and clinics are strictly controlled by the national
government and are paid on a fee-for-service basis. When a
beneficiary uses a medical service, he or she pays 30% of
the cost, whereas the insurer pays 70%. Information on
medical fees and medical services must be recorded
monthly in an insurance claim history file. There are very
few physicians practicing outside the health insurance sys-
tem, except in the area of normal delivery, preventive
medicine, and cosmetic surgeries [13, 14].

Approximately 70% of Japanese adults had a regular
health checkup in their community or worksite [15]. Many
health checkups are provided by health care agencies. Every
examinee receives a written report of results within a few
months after the health checkup [16, 17]. Usually, physi-
cians in charge of health checkups do not provide further
medical examination and treatment. Therefore, patients are
expected to visit clinics on their own if they recommend
further medical examination or treatment.

The present study was conducted in a retail company
with 152 supermarket stores located across nine prefectures
in western Japan. All employees who work more than 6 h a
day were covered by the same health insurance organiza-
tion, and most of them had annual health checkups provided
by health care agencies in their worksite.

Study design

This was a worksite-based, parallel group, cluster-
randomized trial with blinded outcome assessment con-
ducted in Japan. A total of 152 supermarket stores were
randomly assigned to strategies aiming to promote clinic
visits among untreated patients with hypertension, either
using a referral letter provided on the day of the health
checkup (early promotion) or with usual care (control). An
independent statistician generated the randomized assign-
ment sequence for the stores, which were stratified
according to the number of employees with untreated
hypertension (BP levels ≥ 160/100 mmHg identified at

health checkups in 2016) as follows: ≤5, 6–19, 20–39, or
≥50 employees.

Participants

Participants were eligible if they were 20–65 years of age,
underwent annual health checkups in both 2016 and 2017,
and had untreated hypertension in 2017 (BP ≥ 160/100
mmHg and no use of BP-lowering medications) that per-
sisted beginning in 2016 (BP ≥ 140/90 mmHg). We decided
on the above inclusion criteria, with a BP ≥ 160/100 mmHg
rather than a BP ≥ 140/90 mmHg, because the association
between BP level and CVDs is graded and continuous, and
participants need to be aware of the necessity of medica-
tions as soon as possible [9]. In addition, we invited patients
with persistent hypertension beginning in 2016 to exclude
transient hypertension. Participants were excluded if they
met any of the following criteria: (i) pregnancy in 2016 or
2017 or (ii) severe hypertension (BP ≥ 190/120 mmHg) in
2017 requiring immediate pharmacological intervention.

Eligible employees were invited to participate in the
study, and written informed consent for data collection was
obtained from all participants, who were blinded to the
purpose of the study (i.e., to investigate the effect of early
promotion of clinic visits). Participants in the present study
were not provided any lifestyle interventions on diet,
exercise, etc. in their workplace over the next year. Ethical
approval was obtained from the Ethics Committee of Shiga
University of Medical Science (28–144). The study protocol
was registered in the University Hospital Medical Infor-
mation Network Clinical Trials Registry
(UMIN000025411).

Interventions

The intervention of the present study was conducted by 19
medical staff trained using a standardized protocol. Eligible
participants were invited to a small privacy-protected booth
after BP measurement of the health checkup, and medical
staff provided the intervention assigned to each supermarket
store. For the early promotion group, the medical staff
encouraged participants to visit clinics during a face-to-face
interview session and then provided participants with a
referral letter to a physician (which included the partici-
pant’s name, date of birth, BP, and results of his or her
health checkup in the previous year) and a leaflet
(explaining the importance of clinic visits and BP control
for hypertensives in general terms). Similarly, for the con-
trol group, the medical staff encouraged a visit to a clinic
using the leaflet, per usual practice. In short, the difference
between the two groups was whether we performed early
health promotion using a referral letter.
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Procedures

The procedure for the annual health checkup provided at the
worksites was the same in 2016, 2017, and 2018. Health
checkups included self-administered questionnaires on
health-related behaviors and medical histories, anthropo-
metric measurements, BP measurements, blood tests, urin-
ary tests, electrocardiography, and chest X-ray. Body mass
index was calculated as weight in kilograms divided by the
square of height in meters. Information about smoking
habits (current smoker or not), alcohol consumption (daily
drinker or not), and the use of antihypertensive agents were
evaluated using self-administered questionnaires. BP was
measured by trained nurses using an automatic sphygmo-
manometer with the oscillometric method and an appro-
priately sized cuff, with participants in a seated position
after a 5 min rest. The sphygmomanometers used differed
among stores; an Omron HBP-1300 [18] was used in
90 stores, an Omron HEM-907 [19] in 14 stores, and a
Japan Colin BP-103iII in 3 stores. There was no difference
in the type of sphygmomanometer used between the two
randomized groups. If a participant’s BP was ≥140/90
mmHg, BP was measured twice, and the average value was
used for the assessment of inclusion criteria and the statis-
tical analyses. Prior to the blood tests, 80% of participants
had not fasted. Plasma glucose was measured using the
hexokinase method, and glycated hemoglobin (HbA1c) was
measured with the immunological method. Diabetes was
defined as a fasting plasma glucose level ≥ 7.0 mmol/L and/
or casual plasma glucose level ≥ 11.1 mmol/L and/or
HbA1c ≥ 48 mmol/mol and/or treatment for diabetes with
antidiabetic agents or insulin.

Outcomes

The primary outcome was the completion of a clinic visit
for the assessment/management of hypertension within
6 months after the health checkup. This was assessed using
the diagnosis of hypertension (10th International Classifi-
cation of Disease [ICD-10] codes I10–I15) in medical
insurance claims data. Secondary outcomes were the
initiation of BP-lowering medication for hypertension
within 6 months after the health checkup and BP levels after
1 year. Initiation of BP-lowering medication was defined as
prescription of BP-lowering medication based on the Ana-
tomical Therapeutic Chemical classification system using
medical insurance claims data; in Japan, BP-lowering
medication is available usually only in health insurance
treatment. BP levels after 1 year were measured at the health
checkup in 2018 with the same procedure used in the health
checkups during 2017. All outcomes were defined using
medical insurance claims data and health checkup data in
2018 by the health insurance organization in which all

participants were covered. The study investigators were
blinded to the information on claims data during the con-
duct of the trial.

Statistical analysis

We anticipated that 152 clusters (i.e., supermarket stores)
would have more than 80% power (two-tailed α level of
0.05) to detect a relative 20% increase in the primary out-
come (i.e., clinic visits within 6 months) in the early pro-
motion group versus the control group (estimated rate of the
primary outcome, 25%). This assumption was based on an
average cluster size of 1.75 and an intracluster correlation of
0.1, according to data from participants who had completed
health checkups in 2016, as well as conservative estimates
of a 10% participant dropout rate owing to a job change or
retirement.

To compare baseline characteristics between the two
groups, we performed chi-square tests for dichotomous and
categorical data and unpaired t tests for continuous data.
The effects of the intervention on the primary outcome
(completing a clinic visit within 6 months) and secondary
outcome (initiation of BP-lowering medication within
6 months) were assessed using multilevel logistic regression
with random effects of clusters (i.e., supermarket stores);
odds ratios (ORs) with 95% confidence intervals (CIs) were
estimated for the early promotion group versus the control
group. We calculated the number needed for a referral letter
for clinical visits (NNT). The effects of the intervention on
the secondary outcome of BP levels after 1 year were
assessed using a multilevel mixed model with random
effects of clusters (i.e., supermarket stores), and the differ-
ence in mean values with 95% CIs between randomized
groups was estimated. As a sensitivity analysis, we adjusted
smoking status in model 1 because it was significantly
different between groups. In model 2, we adjusted for other
related factors.

All analyses were conducted using Stata 15 (Stata Corp
LLC, College Station, Texas, USA). All P values were two
tailed, and P < 0.05 was considered to be statistically
significant.

Results

Figure 1 shows the participant flow in this study. In total,
152 stores were randomized to the early promotion group
(n= 76) or the control group (n= 76). For the baseline
health checkups conducted from January to March 2017, a
total 330 eligible employees with untreated hypertension
were identified in 110 supermarket stores, and a total of 287
participants in 108 supermarket stores provided their con-
sent to participate in the trial. The consent rates were 87.5%
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in the early promotion group and 86.5% in the control
group. During the 6-month follow-up, 14 employees were
lost to follow-up because of retirement or a job change; the
remaining 273 participants (early promotion group: n=
138, control group: n= 135) were included in the statistical
analysis. The average cluster size was 2.6 (range: 1–12).
The baseline characteristics of supermarket stores by
intervention group are shown in Supplementary Table 1.

Table 1 shows the baseline characteristics by randomized
group of all participants and those who could be followed
up. The mean age (standard deviation) of the 287

participants was 50.6 (8.7) years, and 56.1% of participants
were women. The mean systolic BP (standard deviation)
was 164.1 (9.8) mmHg in the early promotion group and
164.7 (10.4) mmHg in the control group. The prevalence of
current smokers was significantly higher in the control
group (P= 0.029). There were no clear differences in the
baseline characteristics of the participants (with and without
follow-up) for each randomized group. Interventions were
strictly performed according to the protocol. Referral letters
to a physician were provided to all participants in the early
promotion group only.

Table 1 Baseline characteristics
of study participants,
January–March 2017

All participants Participants with follow-up
assessment

Control
(n= 142)

Intervention
(n= 145)

P value Control
(n= 135)

Intervention
(n= 138)

P value

Male, n (%) 67 (47.2) 59 (40.7) 0.268 65 (48.2) 57 (41.3) 0.255

Age, years 50.9 (7.9) 50.3 (9.4) 0.565 50.6 (7.9) 50.0 (9.4) 0.577

Body mass index, kg/m2 25.9 (5.3) 25.3 (5.2) 0.345 25.9 (5.4) 25.4 (5.2) 0.379

Blood pressure, mmHg

Systolic 164.7 (10.4) 164.1 (9.8) 0.623 164.6 (10.3) 164.0 (10.0) 0.631

Diastolic 100.5 (9.3) 98.5 (8.9) 0.064 100.6 (9.4) 98.7 (9.0) 0.094

Diabetes, n (%) 10 (7.0) 8 (5.5) 0.594 8 (5.9) 8 (5.8) 0.964

Current smoker, n (%) 51 (35.9) 35 (24.1) 0.029 50 (37.0) 31 (22.5) 0.008

Daily drinker, n (%) 23 (16.2) 23 (15.9) 0.938 23 (17.0) 21 (15.2) 0.683

Continuous data were analyzed with t tests and are shown as mean (standard deviation)

Dichotomous data were analyzed with chi-squared tests and are shown in number (percentage)

Diabetes is defined as fasting plasma glucose level ≥ 7.0 mmol/L and/or casual plasma glucose level ≥ 11.1
mmol/L, and/or HbA1c ≥ 48 mmol/mol, and/or treatment for diabetes with antidiabetic agents or insulin

Retirement
n=7 

Consented, 145 participants (55 stores)
Consent rate: 87.3%

Without consent
n=21 

Analyzed, 138 participants (55 stores)
Follow-up rate: 95.2%

Randomized (152 stores)

Allocated to Intervention group (76 stores):
166 eligible participants (57 stores)

(mean number/store =2.8, range 1–13)
(no eligible participants in 19 stores)

Retirement
n=7 

Allocated to Control group (76 stores)
164 eligible participants (53 stores)

(mean number/store =3.0, range 1–10)
(no eligible participants in 23 stores)

Consented, 142 participants (53 stores)
Consent rate: 86.5%

Without consent
n=22

Analyzed, 135 participants (52 stores)
Follow-up rate: 95.1%

Fig. 1 The CONSORT
statement of participant flow
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During the 6-month follow-up period, 73 (26.7%) of 273
participants visited a clinic for the assessment and/or
treatment of hypertension. The intracluster correlation
coefficient was 0.20. Table 2 shows the effects of the early
promotion of clinic visits and secondary outcomes. With
respect to primary outcome, a total of 47 (34.1%) partici-
pants in the early promotion group visited a clinic within
6 months, as did 26 (19.3%) participants in the control
group (OR 2.33, 95% CI 1.12–4.84, P= 0.024). The NNT
for clinical visits was 6.8. With regard to secondary out-
comes, more participants initiated BP-lowering medication
in the early promotion group (31 [22.5%]) than in the
control group (22 [16.3%]), although the difference was not
significant (OR 1.54, 95% CI 0.77–3.08, P= 0.226). No
significant differences in systolic or diastolic BP were
observed after 1 year between randomized groups (differ-
ence −0.3/−1.3 mmHg, 95% CI −4.4–3.9/−4.0–1.4, P=
0.905/0.352).

After adjustment were made for smoking status in the
sensitivity analysis, the results did not change for clinic
visits within 6 months (OR 2.32, 95% CI 1.11–4.86, P=
0.025). The results also did not change when we adjusted
for other factors related to outcomes (Supplementary
Table 2).

Discussion

In the present study, we investigated the effect of early
health promotion using a referral letter to increase clinic
visits among patients with untreated hypertension. The
completion rate of clinic visits within 6 months was sig-
nificantly higher in the intervention group than in the con-
trol group. Our main result suggested the importance of
early health promotion for detected hypertension, especially
in Japanese health situations in which medical follow-up by
community physicians is the first gateway to assess the need

for BP-lowering medication, which is usually available only
through treatment provided by health insurance. On the
other hand, for the secondary outcomes, the initiation of
BP-lowering medication within 6 months or BP levels after
1 year were not different between the groups.

Previous studies have investigated the effects of referral
to a community physician in improving clinical follow-up
or lowering BP among participants in the workplace [20],
community [21, 22], and emergency departments [23]. A
randomized controlled study of 74 patients with elevated
diastolic BP (between 95 and 120 mmHg) detected among
military veterans at a walk-in screening clinic found that
participants who were sent referral letters to their home
contacted their local physician more frequently than did
those who were not sent a referral letter (63% [22/35] vs.
33% [13/39], P= 0.012) [21]. A community-based rando-
mized controlled trial among patients with hypertension
aged 18 years or over in Seattle also found a higher rate of
medical follow-up in the intervention group (referrals with
enhanced tracking) than in the control group receiving usual
care (65.1% [95/146] vs. 46.7% [77/165], P= 0.001; NNT
= 5) [22]. In Japan, the effect of referrals on clinical follow-
up among patients with hypertension has not previously
been thoroughly evaluated [24]. We cannot simply compare
our findings with those of previous Western studies because
the effect of referrals may depend on health settings such as
the hypertension treatment rate, the characteristics of par-
ticipants, and the health care system. However, the results
of the present study were consistent with those of previous
findings. Providing individuals with a referral letter clearly
indicates the desired behavior (i.e., visiting a clinic) versus
the use of an educational leaflet alone. An important point is
that we provided participants with a referral letter on the day
of the health checkup. Timely health promotion strongly
emphasizes the importance of clinic visits. In terms of
feasibility, the health promotion intervention in our study is
practical during general health checkups in Japan, many of

Table 2 Effect of early promotion to visit clinics for untreated hypertension on primary and secondary outcomes

Control
(n= 135)

Intervention
(n= 138)

ORs or differences
(95% CIs)

P value

Primary outcome

Clinic visit within 6 months, n (%) 26 (19.3) 47 (34.1) 2.33 (1.12–4.84) 0.024

Secondary outcomes

Initiation of blood pressure-lowering medication within 6 months,
n (%)

22 (16.3) 31 (22.5) 1.54 (0.77–3.08) 0.226

Systolic blood pressure after 1 year (mmHg), mean (95% CI) 155.5 (152.5–158.5) 155.2 (152.3–158.2) −0.3 (−4.4–3.9) 0.905

Diastolic blood pressure after 1 year (mmHg), mean (95% CI) 95.2 (93.3–97.1) 93.9 (92.0–95.8) −1.3 (−4.0–1.4) 0.352

Clinic visits and initiation of blood pressure-lowering medication within 6 months analyzed using multilevel logistic regression with random
effects of clusters (i.e., supermarket stores). Systolic and diastolic blood pressure assessed using multilevel mixed model with random effects of
clusters (i.e., supermarket stores)

OR odds ratio, CI confidence interval
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which are provided by health checkup agencies [16]. The
intervention procedure described herein does not require a
large number of staff and takes only ~5 min per person.

In the present study, the completion rate of clinic visits
was lower than that in previous Western studies, although
all participants were covered by the same health insurance
organization and could use medical services with 30%
medical cost. A recent Japanese observational study that
included 17,173 insured patients with hypertension (15,793
men and 1380 women) aged 20–68 years (possible hyper-
tension was defined using a cutoff of 140/90 mmHg) also
reported a low rate of clinical follow-up; only 10.3% of men
with hypertension and 17.7% of women visited clinics
within 6 months after their health checkup [12]. However,
in population-based Japanese nationwide cancer screening
programs, 70–80% of individuals are followed up,
depending on the type of cancer [25]. We must understand
the specific barriers to clinic visits among asymptomatic
hypertensive patients, such as denial of or careless or
hopeless attitudes regarding hypertension [26, 27], to best
target efforts to reduce untreated hypertension.

In the analysis of secondary outcomes, the initiation of BP-
lowering medication was not significantly different between
the two groups; the medication rate in the early promotion
group remained at 66% of patients who visited a clinic. In the
present study, we could not determine the reason why the
medication rate was lower in the early promotion group;
however, the recently introduced concept of clinical inertia
might be important [28, 29]. Patients in whom hypertension is
detected at a health checkup may not sufficiently understand
the benefits of BP-lowering medication, and such patient-
related factors may influence the initiation of medication
prescribed by a physician [30]. In our analysis of BP at 1 year
after the intervention, the mean BP of participants was still
high in both groups, and we did not find any differences
between the groups, although clinically relevant outcome
parameters were important. This may be because of the small
number of participants who initiated medication. Even if BP
was decreased in treated patients, this may not have affected
the mean BP of all participants in both groups. Future studies
are required to examine the improvement in BP with suffi-
cient numbers of subjects. At the same time, to control
hypertension that is detected in health checkups, we need to
make further efforts to determine whether BP-lowering
medication was initiated appropriately after clinic visits and
to reduce barriers to clinic visits among those who did not
respond to early health promotion. Additionally, compre-
hensive health intervention is very important, as is a referral to
a community physician [31].

We should note the following limitations of our study.
First, we could not deny the possibility that a certain
proportion of participants had not been assigned the

disease name of hypertension (including suspected
hypertension) in the health insurance claim by a physician
(or a medical clerk) if their home BP and/or clinic BP
levels were lower than the diagnostic thresholds recom-
mended in the guidelines [7, 9, 32, 33] because office BP
measurements were included in the initial visit fee. If the
rate of clinic visits was higher, the NNT was expected to
be smaller than our calculation. Second, the methods for
BP measurement were not strictly controlled. We defined
untreated patients with hypertension based on BP mea-
sured on a single day during a general health checkup
conducted in the winter (between January and March).
Some participants may not have visited a clinic because
their office BP may have been higher owing to white coat
hypertension or seasonal fluctuations [34, 35]. Verifica-
tion of our findings using home or ambulatory BP is
required [32]. However, our results are important from the
perspective of real-world applicability. Third, some
supermarket stores had no eligible patients because of the
cluster size. Thus, there is a possibility that there was an
imbalance of participant characteristics between the
assigned groups. To address the imbalance observed to be
statistically significant for smoking status and to confirm
the effects of other variables, we conducted multivariable-
adjusted models as a sensitivity analysis and obtained
comparable findings. Fourth, participants were limited to
the employees of a Japanese retail company. It is neces-
sary to use caution when generalizing the results.

Despite these limitations, to the best of our knowledge,
this is the first randomized trial seeking to increase clinic
visits for the assessment and management of hypertension
detected during a general health checkup. The findings of
this study will contribute to reducing untreated hypertension
worldwide and to advancing the “Data Health Plans” pro-
posed by the Japanese government for each medical insur-
ance organization beginning in 2015 [36], aiming to
improve the treatment rate of hypertension.

In the present study, a site-based cluster-randomized con-
trolled trial conducted in a Japanese population, the early
promotion of clinic visits using face-to-face interviews and
referral letters to a physician during annual health checkups
significantly increased the number of clinic visits completed
within 6 months by participants with untreated hypertension.
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