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Abstract
The aim of this study was to determine what lifestyle changes can predict acute onset hypertension in the normotensive community-
dwelling elderly.
This study targeted elderly people enrolled in National Health Insurance in Fukushima Prefecture, Japan. The subjects were 24,490

people who took all of the specific health examination conducted by National Health Insurance in fiscal years 2013, 2014, and 2015
continuously and had a recorded systolic blood pressure (BP) <130 mm Hg and diastolic BP <85 mm Hg in the first 2 fiscal years.
We examined their lifestyle changes for the first 2 fiscal years using the questionnaires given at the health examination. Multivariate
Poisson regression analysis was conducted to examine the relationship between new-onset hypertension observed at the last
examination and unhealthy lifestyle changes.
The mean age of the subjects was 61.5±8.2 years old at baseline. We observed new-onset hypertension in 1.062 subjects at the

last examination. Of the study subjects, 12,027 (49.1%) answered to having at least one of the items of unhealthy lifestyle change in
the questionnaire. In the multivariate logistic regression, eating supper before bedtime showed a significant increase in the risk ratio
for acute onset hypertension (risk ratio 1.27, 95% confidence interval, 1.01–1.58).
This study indicated that eating before bedtime is a risk factor of new-onset hypertension in the normotensive community-dwelling

elderly. Adequate health guidance to avoid unhealthy lifestyle changes is required even in normotensive people as this hypertension is
preventable.

Abbreviations: AHA= American Heart Association, BMI = body mass index, BP= blood pressure, CI = confidence interval, ESC
= European Society of Cardiology, FY= fiscal year, NES= night eating syndrome, NHI =National Health Insurance, OR= odds ratio,
SD = standard deviation.
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1. Introduction expenditure is increasing due to the rapidly aging population and
cardiovascular disease; thus, concerns regarding this issue have
Hypertension is one of the most common chronic diseases in the
world and is widely known as a major risk factor for myocardial
infarction, stroke, heart failure, and renal failure.[1–3] It is
estimated that 10 million individuals have hypertension in
Japan,[4] and hypertension and related diseases amount to large
medical expenditure.[5] The disease and its related complications
annually account for 5.9 trillion yen.[6] In Japan, the total medical
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been raised.[5] The prevalence of hypertension increases with
aging, and Japan has a rapidly increasing elderly population. A
preventive strategy for hypertension is important in avoiding an
increase in future medical expenditure.
The classification of blood pressure (BP) was changed in the

2017guidelinesby theAmericanHeartAssociation (AHA).[7]ABP
level of 130 to139/80 to89mmHg that hadbeen classifiedashigh-
normal was newly categorized as stage 1 hypertension.[7,8] The
importance of nonpharmacological intervention is emphasized in
the new guidelines, especially for stage 1 hypertension. Lifestyle
modification is an important nonpharmacological intervention
strategy for hypertension. Modifications such as increasing
exercise and decreasing salt intake can improve BP,[9,10] whereas
an unhealthy lifestyle such as fast eating and a lack of regular
exercise is strongly related to hypertension.[11,12] In Japan, all
residents over 40 years of age can take a specific health
examination and receive health guidance every year, according
to the Health and Medical Service Law for the Aged.[13] This
system is primary prevention aiming at self-management and
prolonging the onset of lifestyle-related diseases.
Lifestyle modification strategies mainly target prehyperten-

sion[7,8]; however, we hypothesized that if we could identify what
unhealthy lifestyle changes in normotensive people are associated
with acute impairment of BP, a more effective primary prevention
strategy could be established. The aim of this study was,
therefore, to analyze what unhealthy lifestyle changes can predict
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acute onset hypertension in the normotensive community-
dwelling elderly.
2. Method

2.1. Study design

This study was conducted as a retrospective cohort study.We used
data on specific health examinations of National Health Insurance
(NHI) inFukushimaPrefecture, Japan, thatbelonged toFukushima
National Health Insurance Organization. The specific health
examination is an annual health examination that is conducted by
thehealth insurance.[14,15] TheNHI, oneof the health insurances, is
mainly for farmers, self-employed persons, retired persons, and
their nonworking dependents aged <75 years old.[16]
2.2. Study participants

Weobtained data from 92,279 subjects who had taken all of their
specific health examination annually from fiscal year (FY) 2013
(from April 2013 to March 2014) to FY 2015 continuously. We
used the data on age, sex, height (cm), weight (kg), body mass
index (BMI) (kg/m2), waist circumference (cm), systolic BP (mm
Hg), diastolic BP (mm Hg), self-reported medication (hyperten-
sion, diabetes, and dyslipidemia), a self-reported questionnaire
about lifestyle (current smoker [yes, no], alcohol drinking
[everyday, sometimes, rarely, never], weight gain or loss of ≥3
kg over the previous year [yes, no], regular physical exercise
[30min/time, twice a week] [yes, no], daily walking or equivalent
physical activity [1 hour] [yes, no], fast walking speed [yes, no],
eating speed [fast, moderate, slow], eating supper before bedtime
[within 2hours, 3 times/wk] [yes, no], eating a snack after supper
[3 times/week] [yes, no], skipping breakfast [3 times/wk] [yes, no],
subjectively sufficient sleep [yes, no], wanting to improve their
own life habits [no plan, start within 6 months, start within a
month, already started <6 months ago, already started ≥6
months ago], and a self-reported past medical history). The self-
reported questionnaire was verified by nurses.
The criteria of selecting study subjects are shown in Figure 1.

First, individuals with missing data (n=4332) were excluded.
Second, from the data on the FY 2013 health checkup of the
remaining 87,947 subjects, we excluded individuals with a past
medical history of hypertension, cardiac disease (myocardial
infarction, atrial defibrillation, bundle branch block, arrhythmia,
or other cardiac diseases), and/or cerebrovascular disease (cerebral
infarction, cerebral hemorrhage, subarachnoid hemorrhage, or
cerebral stroke) (n=29,341) and those with a BP level of high-
normal, hypertension, and taking antihypertensive medication
(n=27,015) were excluded. In the FY 2014 health examination,
subjects with a BP level of high-normal and hypertension, and
takingantihypertensivemedication (n=7101),werealso excluded.
Finally, 24,490 remained as study subjects. In the specific health
examination, BP was measured once by trained public health
nurses using a standard mercury sphygmomanometer on the right
arm of seated participants based on the standardized health
examination protocol. BP level was categorized according to the
definition of the European Society of Hypertension and the
European Society of Cardiology (ESC) (Table 1).[17]

2.3. Definition of new-onset hypertension

New-onset hypertension was defined following the definition of
ESC and/or taking antihypertensive medication in FY 2015. The
2

validation of self-reported antihypertensive medication was high.
The comparison of the check-up month with the previous 2
months yielded a sensitivity, specificity, and k statistic of 92.4,
86.4, and 70.9%, respectively.[18]
2.4. Unhealthy lifestyle changes

We compared the self-reported lifestyle questionnaires answered
in FY 2013 and FY 2014. Unhealthy lifestyle changes were
determined as follows: for the 2 choice questions; current smoker,
from “no’ to “yes’; weight gain or loss of ≥3kg over the previous
year, from “no” to “yes”; regular physical exercise, from “yes” to
“no”; daily walking or equivalent physical activity, from “yes” to
“no”; fast walking speed, from “yes” to “no”; eating before
bedtime, from “no” to “yes”; eating a snack after supper, from
“no” to “yes”; skipping breakfast, from “no” to “yes”;
subjectively sufficient sleep, from “yes” to “no.” For the multiple
choice questions, frequency of alcohol drinking, from “rarely” or
“sometimes” to “every day”; eating speed, from “slow” or
“moderate” to “fast.”[19]
2.5. Statistical analysis

The baseline data on the subjects were analyzed. Continuous
variables are expressed as means (standard deviations [SDs]) and
categorical variables as percentages. We also compared them
between the 2 groups, subjects with new-onset hypertension and
the others. As the normality of all continuous variables was
rejected by the Kolmogorov–Smirnov test, the Mann–Whitney U
test was used for continuous variables and the chi-square test was
used for categorical variables.We compared the rate of unhealthy
lifestyle changes between the 2 groups.
Poisson regression analysis was performed to estimate the risk

ratio (RR) and 95% confidence interval (CI) of new-onset
hypertension for each lifestyle change. Age (<45 [reference],
45–<50, 50–<55, 55–<60, 60–<65, 65–<70, ≥70), sex, BMI
(<18.5, 18.5–<22 [reference], 22–<25,≥25), and central obesity
(waist circumference ≥85cm for males, and ≥90cm for females)
were used as confounding factors.We also used smoking status in
FY 2013 as a confounding factor because the number of subjects
who changed smoking status from FY 2013 to FY 2014 was only
393 (1.6%). Age and sex were adjusted for each lifestyle-
questionnaire item. Age, sex, BMI, central obesity, medication
(diabetes and dyslipidemia), current smoker (in FY 2013), and 2
items of unhealthy lifestyle change (daily walking or equivalent
physical activity and eating before bedtime), which showed a
significant relationship in the age–sex-adjusted analysis, were
included in the multiple-adjusted analysis.
We used the statistical software package R, version 3.4.4 (the R

Foundation for Statistical Computing, Vienna, Austria).
2.6. Ethics

All data were anonymized by the Fukushima National Health
Insurance Organization. Fukushima Medical University received
anonymous data and analyzed it for the present study. This study
was approved by the Ethics Committees of Fukushima Medical
University (Application No. 2974).
3. Results

We described the baseline data on the subjects in Table 2. In FY
2015, 1062 (4.3%) of the subjectswere detected to have new-onset



All subjects underwent specific health examina�ons from FY 2013 
to FY 2015
n=92,279 (male 39,548, female 52,731)

missing data
n=4,332

Past medical history of hypertension, 
Cardiac disease, Cerebrovascular disease
n=29,341

study subjects
n=24,490 (male 8,431, female 16,059)

Health examina�on in FY 2013
n=87,947 (male 37,668, female 50,279)

BP level of High-normal and Hypertension
Taking an�hypertensive Medica�on
n=27,015

BP level of High-normal and Hypertension
Taking an�hypertensive Medica�on
n=7,101

Health examina�on in FY 2014
n=24,490 (male 8,131, female 16,059)

Figure 1. Subjects included in the study, excluded from the study and follow-up criteria.
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hypertension. The mean age of the study subjects was 61.5±8.2
years old and10,635 (43.4%) subjectswere 65 years or older. Age,
sex,weight, BMI,waist, SBP,DBP, alcohol drinking, dailywalking
or equivalent physical activity, and eating before bedtime showeda
significant difference between the 2 groups. More subjects in the
new-onset group engaged in daily walking or equivalent physical
3

activity (42.0% in the new-onset group and 38.7% in the others,
P= .033).
In FY 2014, 9903 (40.5%) subjects reported that they would

be willing to change their lifestyle for the better and 6277
(29.6%) subjects reported to have made healthy lifestyle changes.
On the contrary, 12,027 (49.1%) subjects reported that they had

http://www.md-journal.com


Table 1

Classification of blood pressure levels (mm Hg).

Category SBP DBP

Optimal <120 and <80
Normal 120–129 and/or 80–84
High normal 130–139 and/or 85–89
Grade 1 hypertension 140–159 and/or 90–99
Grade 2 hypertension 160–179 and/or 100–109
Grade 3 hypertension ≥180 and/or ≥110

Table 3

Undesirable lifestyle change between the 2 groups.

New-onset
(n=1062)

Others
(n=23,428) P

Alcohol drinking 26 (6.3%) 492 (2.1%) .441
Weight gain or loss of ≥3kg over the last year 109 (10.3%) 2186 (9.3%) .308
Regular physical exercise 103 (9.7%) 1907 (8.1%) .070
Daily walking or an equivalent physical activity 146 (13.7%) 2690 (11.5%) .024
Fast walking speed 104 (9.8%) 2123 (9.1%) .418
Eating speed 74 (7.0%) 1602 (6.8%) .870
Eating supper before bedtime 83 (7.8%) 1399 (6.0%) .014
Eating snack after supper 50 (4.7%) 1241 (5.3%) .401
Skipping breakfast 21 (2.0%) 505 (2.2%) .695
Subjectively sufficient sleep 120 (11.3%) 2354 (10.0%) .186

n (%).
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made at least one of the 11 items of unhealthy lifestyle change.
For physical activity, 2010 (8.2%) subjects discontinued regular
physical exercise; 2836 (11.6%) subjects discontinued daily
walking or equivalent physical activity; and 2295 (9.1%) subjects
slowed their walking speed. For eating habits, 1676 (6.8%)
subjects increased their eating speed, 1482 (6.1%) subjects
started eating supper before bedtime, 1291 (5.3%) subjects
started eating snack after supper, and 526 (2.1%) subjects started
skipping breakfast. In the new-onset group, significantly more
subjects made unhealthy changes such as cessation of daily
Table 2

Characteristics in 2013 between the 2 groups.

New-onset
(n=1062)

Others
(n=23,428) P

Age 62.9±7.5 61.5±8.2 <.001
Male 445 (41.9%) 7,986 (34.1%) <.001
Weight, kg 57.5±10.8 55.2±9.9 <.001
BMI, kg/m2 23.0±3.2 22.1±2.9 <.001
Waist circumference, cm 82.5±9.0 79.9±8.6 <.001
SBP, mm Hg 118.9±7.2 113.4±9.7 <.001
DBP, mm Hg 73.2±7.8 69.4±8.0 <.001
Taking medicine
Diabetes 43 (4.0%) 920 (3.9%) .841
Dyslipidemia 165 (15.5%) 3,641 (15.5%) .997
Current smoker 166 (15.6%) 3,414 (14.6%) .340

Alcohol drinking
Everyday 275 (25.9%) 4,189 (17.9%)
Sometimes 221 (20.8%) 5,641 (24.1%)
Rarely 566 (53.3%) 13,598 (58.0%) <.001

Weight gain or loss of ≥3kg over
the last year

233 (21.9%) 4,640 (19.8%) .088

Regular physical exercise 383 (36.1%) 8,128 (34.7%) .359
Daily walking or an equivalent

physical activity
446 (42.0%) 9,076 (38.7%) .033

Fast walking speed 479 (45.1%) 10,721 (45.8%) .674
Eating speed
Fast 274 (25.8%) 5,871 (25.1%)
Normal 714 (67.2%) 15,447 (65.9%)
Slow 74 (7.0%) 2,110 (9.0%) .074

Eating supper before bedtime 196 (18.5%) 3,456 (14.8%) <.001
Eating a snack after supper 132 (12.4%) 2,687 (11.5%) .338
Skipping breakfast 85 (8.0%) 1,683 (7.2%) .313
Subjectively sufficient sleep 797 (75.0%) 17,147 (73.2%) .181
Lifestyle modifications
No plan 377 (35.5%) 7,933 (33.9%)
Start within 6 mo 292 (27.5%) 6,628 (28.3%)
Start within a month 135 (12.7%) 2,848 (12.2%)
Already started <6 mo ago 68 (6.4%) 1,676 (7.2%)
Already started ≥6 mo ago 190 (17.9%) 4,343 (18.5%) .677

Mean±SD or n (%)
BMI=body mass index, DBP=diastolic blood pressure, SBP= systolic blood pressure.

4

walking or equivalent physical activity and commencement of
eating before bedtime (Table 3). In both groups, almost the same
number of subjects made healthy changes by starting daily
walking or equivalent physical activity or by stopping eating
before bedtime.
The results of Poisson regression analysis are shown in Table 4.

In the age–sex-adjusted model, daily walking (RR 1.21, 95% CI,
1.01–1.45) or equivalent physical activity and eating before
bedtime (RR 1.29, 95% CI, 1.02–1.60) showed a significant
increase in RR of new-onset hypertension. In the multivariate
adjusted model, eating before bedtime also showed a significant
increase in RR of new-onset hypertension (RR 1.29, 95% CI,
1.01–1.61), but daily walking or equivalent physical activity did
not show a significant increase in RR for new-onset hypertension
(RR 1.19, 95% CI, 0.99–1.58).
4. Discussion

We followed up 24,490 normotensive community dwelling
elderly people for 3 years and revealed that an increase in
frequency of eating supper before bedtime was significantly
related to new-onset hypertension. The subjects, who recorded a
normotensive BP but started to eat supper before bedtime during
Table 4

Odds ratio of new-onset hypertension for undesirable lifestyle
change.

Age–sex-adjusted
risk ratio

Multivariate-adjusted
∗

risk ratio

Alcohol drinking 1.08 (.84–1.38)
Regular physical exercise 1.15 (.94–1.41)
Daily walking or an equivalent
physical activity

1.21 (1.01–1.45) 1.19 (.99–1.42)

Weight gain or loss of ≥3kg
over the last year

1.09 (.88–1.33)

Fast walking speed 1.09 (.89–1.32) 1.27 (1.01–1.58)
Eating speed 1.01 (.82–1.23)
Eating supper before bedtime 1.29 (1.02–1.60)
Eating snack after supper .93 (.69–1.23)
Skipping breakfast .96 (.61–1.45)
Subjectively sufficient sleep 1.16 (.95–1.40)
∗
Adjusted for age, sex, BMI (<18.5, 18.5–<22 [reference], 22–<25, ≥25), central obesity (≥85

cm for male and ≥90cm for female), taking medication (diabetes and dyslipidemia), current smoker
(FY2013), and undesirable lifestyle change (daily walking or an equivalent physical activity and eating
before bedtime).
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FY 2013 and 2014, had acute BP increase and developed new-
onset hypertension in FY 2015. Because BP increases gradually
with aging, the prevalence of hypertension increases with
aging.[2,14,20,21] Conventionally, the hypertension prevention
strategy was mainly targeted at prehypertension. Our results
implicate that unhealthy lifestyle change, especially an increase in
frequency of eating before bedtime in people with a normal BP,
may cause acute BP impairment, and a hypertension prevention
strategy is required even for normotensive people.
In this study, the rate of new-onset hypertension was 4.3%,

which is quite lower than past studies, where annual incidence
rates of new-onset hypertension among 40 to 75-year-old
community-dwelling people were 3.7% to 16.0% for optimal
BP levels and 12.6% to 25.5% for normal BP levels.[21–23] In this
study, the subjects were those who recorded optimal or normal
BP levels continuously for the 2 years. Thus, this studymight have
shown a lower incidence rate of new-onset hypertension
compared to past studies.
Increased frequency of eating before bedtime was significantly

related to new-onset of hypertension. For the dietary strategy for
hypertension, salt intake is widely considered as a major risk
factor.[24,25] In addition, dinner time was also indicated as a risk
factor. In Japan, the period between dinner time and bedtime
showed a significant dose–response relationship with hyperten-
sion in workers.[26] Eating dinner late causes obesity and
metabolic syndrome.[27–29] Eating dinner late is currently
considered a night eating disorder (NES) involvingmany habitual
problems such as excess energy intake, sleep disorder, and
morning anorexia.[29,30] Among NES patients, 55.7% have
major depression and 66.0% have sleep onset disorder.[31]

Morning anorexia is one of the diagnostic criteria of NES, which
leads to skipping breakfast.[30,31] Creating a strategy for NES is
difficult because sometimes those who suffer are unaware of
having NES, and eating is not the primary reason for getting up at
night, but rather a way to kill time.[31] Night time eating does not
always have bad health effects.[29,32] Some studies suggest that
the guidance to taking protein-rich food late at night may
improve health.[32,33] NES with mental problems requires
another strategy. In addition, some lifestyle-related problems
such as obesity, stress, and sleep are risk factors of nonalcoholic
fatty liver disease (NAFLD).[34] As a result of eating before
bedtime, the risk of NAFLD increases. NAFLD is an independent
risk factor of hypertension.[35] Thus, healthcare providers should
offer examinations for NAFLD for subjects who reported
increased frequency of eating supper before bedtime.
In the present study, cessation of daily walking or equivalent

physical exercise showed a significant relationship to new-onset
hypertension in the age–sex-adjusted model, but did not show a
significant relationship in the multivariate model. Increased
physical exercise and physical activity have been shown to
improve BP.[36,37] At the baseline, the rate of individuals who
ceased daily walking or equivalent physical exercise was
significantly higher in the new-onset group, but the rate of
unhealthy lifestyle changes was also significantly higher. These
results indicate that an acute cessation of physical exercise is
strongly related to increased BP. Decreased physical activity
might cause physical problems such as orthopedic diseases or
social problems.
Health guidance for lifestyle modification must look at both

work and daily living. AHA Guidelines recommend 6 lifestyle
changes for nonpharmacological antihypertensive interventions;
weight loss, a heart-healthy diet, sodium reduction, potassium
supplementation, increased physical activity, and moderate
5

alcohol consumption. More than half of the subjects in the
present study were at working ages, over 65 years or older. The
occupations of those enrolled NHI are mainly agriculture,
fishery, self-employed, or temporary part-time work. These
occupations are thought to be vulnerable and low discretion
job,[38] and their working style may cause unhealthy lifestyle
changes.[39,40] There are several studies that have shown the
difficulty of lifestyle modification in community-dwelling
people.[41,42] Unhealthy lifestyle changes may also be caused
by mental problems related to inevitable factors such as nursing
care of their family, severe disease of themselves, and stress for
their jobs. The healthcare provider should take care of the
background of unhealthy lifestyle changes.
Past studies on lifestyle and lifestyle-related diseases used data

only on lifestyle at the baseline[11] or were cross-sectional
studies.[12] The present study, which focused on unhealthy
lifestyle changes, indicated that many people go through lifestyle
change, so it is important to focus on lifestyle change in health
guidance.
5. Limitations

On the contrary, there are some limitations in this study. First,
target subjects were those who attended all medical examinations
continuously for 3 years. We could not estimate the attendance
rate for the health examinations. Second, these subjects are
enrolled in the NHI. Although 45% of the census population
aged 40 to 74 years in these communities are enrolled in the NHI,
the present results may not be generalizable to the entire
population. Thus, these results include selection bias.
5.1. Future directions

Follow-up study of the subjects is required to investigate the
longitudinal effect of lifestyle changes. In addition, to support the
follow-up study, this study can be expanded to cover all people
who undergo the specific health examination conducted by NHI.
6. Conclusion

This study indicated that eating before bedtime is a risk factor of
new-onset hypertension in the normotensive community-dwell-
ing elderly. Adequate health guidance is required even in
normotensive people as this hypertension is preventable.
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