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Abstract
We assessed blood pressure (BP) changes during fiscal years (April to March of the following year) 2015–2020 to clarify the
effect of the state of emergency due to the coronavirus disease 2019 (COVID-19) pandemic in 2020. We then considered BP
in 2019 separately, as the Japanese hypertension guidelines were updated in 2019. The present retrospective cohort study
extracted data from 157,510 Japanese individuals aged <75 years (mean age: 50.3 years, men: 67.5%) from the annual health
check-up data of the DeSC database. The trends in BP were assessed using a repeated measures linear mixed model. After
adjusting for the month of health check-ups to exclude seasonal BP variation, systolic BP linearly increased during fiscal
years 2015–2018. From the value estimated by the trend in 2015–2018, systolic BP was lower by ≤1 mmHg in fiscal year
2019 among the treated participants. Meanwhile, systolic/diastolic BP (95% confidence interval) increased by 2.11
(1.97–2.24)/1.05 (0.96–1.14) mmHg for untreated women (n= 43,292), 1.60 (1.51–1.70)/1.17 (1.11–1.24) mmHg for
untreated men (n= 88,479), 1.92 (1.60–2.23)/0.46 (0.25–0.67) mmHg for treated women (n= 7855), and 1.00 (0.79–1.21)/
0.39 (0.25–0.53) mmHg for treated men (n= 17,884) in fiscal year 2020. These increases remained time-dependent
covariates after adjustments for age, body mass index, alcohol consumption, smoking, physical activity, and blood sampling
indices. Social change due to the pandemic might have increased BP by approximately 1–2/0.5–1 mmHg. Meanwhile, only a
slight decrease in BP was observed immediately after the guideline update in Japan.
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Introduction

Coronavirus disease 2019 (COVID-19) was first identified
in late 2019 before its spread worldwide [1]. On 11 March
2020, the World Health Organization declared the COVID-
19 outbreak a global pandemic [2]. Many countries intro-
duced lockdowns or restrictions to stop the spread of
infection. On 7 April 2020, for the first time, the Japanese
government declared a state of emergency, calling on citi-
zens to remain home and refrain from nonessential outings.
Most schools and recreational or commercial facilities were
closed, and employees were asked to work remotely in
Japan; these measures have also been called the “mild
lockdown”. Previous studies have reported less physical
activity in elderly people during the restrictions [3] and the
adverse effects of the pandemic on stress, lifestyle habits
including smoking behavior, and glycemic control in indi-
viduals with diabetes in Japan [4–7]. Changes in diet and
weight gain during lockdown have been reported in other
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countries [8–12]. However, the results regarding the effects
of the restrictions due to the pandemic on BP have been

inconsistent [13–18]. A recent study from the United States
revealed a mild increase in systolic BP during the COVID-
19 pandemic, although only sex, age, and weight gain were
considered confounding factors [16]. In contrast, several
European studies reported that BP decreased during lock-
down [13, 18].

The objective of the present study was to clarify the
effect of the state of emergency due to the COVID-19
pandemic in 2020 by assessing the BP changes during the
fiscal years (April to March of the following year)
2015–2020 using large-scale annual health check-up data
in Japan. Then, we considered BP in 2019 separately since
the Japanese Society of Hypertension (JSH) released
the new hypertension guideline in April 2019 [19] and
lowered target BP by 10 mmHg in most cases [19]. This
update may have affected the practice of hypertension
treatment.

Point of view

Clinical relevance
Systolic/diastolic BP increased by approximately 1–2/
0.5–1 mmHg under the state of emergency in fiscal year 2020
among Japanese individuals. The prevalence rates of systolic/
diastolic BP ≥ 130/≥80 mmHg were almost the same between fiscal
years 2018 and 2019.
Future direction
We should follow BP trends after 2021 and explore the specific
factors associated with the time trends of BP in each Asian
population.
Considerations for Asian populations
While government measures against the COVID-19 pandemic
have varied among countries, it should be noted that BP in an
Asian population can be elevated even under a “mild lockdown”.
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Graphical Abstract

Analysis
Subgroup

Adjusted systolic BP 
(95% CI), mmHg

Change in fiscal year 2019
Untreated women 0.05 (-0.08 to 0.19)
Untreated men -0.09 (-0.18 to 0.01)
Treated women -0.97 (-1.29 to -0.65)
Treated men -0.26 (-0.47 to -0.04)

Change in fiscal year 2020
Untreated women 2.11 (1.97 to 2.24)
Untreated men 1.60 (1.51 to 1.70)
Treated women 1.92 (1.60 to 2.23)
Treated men 1.00 (0.79 to 1.21)
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Materials and methods

Study design and population

We conducted a retrospective cohort study using the DeSC
database between April 2015 and November 2020. We used
annual health check-up data from the two databases: (1) the
Health Insurance Society database, which contains data from
Japanese employees and their dependents who are enrolled in
health insurance plans run primarily by large-scale enter-
prises, and (2) the National Health Insurance (NHI) database,
which contains data from self-employed, unemployed, or
retired persons [20–22]. As it is mandatory for individuals
aged ≥75 years to be enrolled in the age-specific health
insurance system (late-stage elderly individual medical care
insurance), the present study does not have data related to
older people. We set the baseline year as fiscal year 2018.

Based on the Ethical Guidelines for Medical and Health
Research Involving Human Subjects by the Ministry of
Education, Culture, Sports, Science and Technology and the
Ministry of Health, Labour and Welfare, Japan, this retro-
spective study was exempted from obtaining approval from
the Institutional Review Board or Ethics Committee as well
as individual informed consent since the DeSC data used in
this study were unlinked anonymized data. To comply with
our contract with DeSC Healthcare Inc., all data and study
materials will not be made available to other researchers.

A flowchart of participant selection is shown in Fig. 1.
Of the 923,997 participants in the database, 669,584
underwent an annual health check-up during fiscal years
2015–2020 at least once (mean age: 51.9 ± 13.6 years, men:
56.3%). We then excluded participants who did not have
the necessary data in fiscal years 2018 and 2020. Further-
more, we excluded participants with different anti-
hypertensive treatment conditions between 2018 and 2020,
as they critically affected annual BP changes. Finally, we
included 157,510 untreated participants or those treated
with antihypertensive drugs in fiscal years 2018 and 2020 in
the present analyses.

Data collection

The data were collected at annual health check-ups, which
were conducted according to the guidelines set out by the
Japanese Ministry of Health, Labour, and Welfare. Infor-
mation regarding smoking status, alcohol consumption, use
of antihypertensive, antidiabetic, and antidyslipidemic
drugs, and history of cerebrovascular disease, ischemic
heart disease, and kidney disease was gathered using a self-
administered questionnaire or interview. For alcohol con-
sumption, the participants were asked to answer questions
about their consumption frequency (rarely, sometimes, or
everyday). We used data on HbA1c, low-density lipoprotein
cholesterol (LDL-c), high-density lipoprotein cholesterol

923,997

549,362

Participants in the database in April 2018, aged 20-74 years

120,222 did not have the necessary annual-health check-
up data during 2015-2020 as follows: 

170 without have BP data
26 without have BMI data

12,442 without information on the use of 
antihypertensive treatment

81,093 without smoking or drinking data
3,999 without history of diseases data

20,276 without blood or urine sampling data
2,216 without physical activity data

Excluded

157,510

163,080 was not participated in the health check-up in 2018
222,499 was not participated in the health check-up in 2020

6,273 had different antihypertensive treatment situation

Participants for the present analysis

Participants with the necessary data obtained during 2015-2020 

669,584 Participants who were participated in the annual-health 
check-up during 2015-2020 at least once

254,413 did not have annual-health check-up
Excluded

Excluded

Fig. 1 Flowchart of participant
selection. BP blood pressure
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(HDL-c), triglycerides, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and γ-glutamyl trans-
peptidase (γ-GTP) from blood sampling. Proteinuria was
evaluated using a urine protein dipstick test, and the sam-
ples were considered positive for proteinuria when the
dipstick test value was ≥1+ (corresponding to a urinary
protein level of >30 mg/dL). We defined exercise habits
using the question, ‘Are you in the habit of exercising to
sweat lightly for over 30 min at a time, 2 times a week, for
over a year? (Y/N)’ and daily physical activity using, ‘In
your daily life do you walk or do any equivalent physical
activity more than one hour a day? (Y/N)’.

The Japanese guidelines for annual health checks
recommend measuring BP twice consecutively in a seated
position using an automated BP measuring device or
sphygmomanometer. To categorize the participants
according to BP levels, we used the systolic/diastolic BP
threshold of 130/80 mmHg, which is the hypertension
threshold in the 2017 ACC/AHA BP guideline [23] and is
the target BP among patients with hypertension aged <75
years according to the JSH guideline 2019 [19].

Statistical analysis

The trends in BP and prevalence rate of BP ≥130/≥80
mmHg were assessed using the repeated measures linear
mixed model and the logistic generalized linear mixed
model with autoregressive order 1 (AR (1)) correlation
structure, respectively. AR (1) is a standard method for
assessing the covariance matrix in mixed model analyses of
longitudinal data [24]. Fiscal year was treated as categorical
to assess the detailed BP changes during the fiscal years
2015–2020 (degrees of freedom [DF]= 5). To examine the
specific BP changes in fiscal years 2019 and 2020, we used
the model including the continuous variable of fiscal year
(DF= 1), the code of fiscal year 2019 (=1, other fiscal year
=0), and the code of fiscal year 2020 (=1, other fiscal year
=0) (the concept of this analysis, study design, and inclu-
sion criteria are shown in Fig. 2). Data on individuals with
different antihypertensive treatment statuses from baseline
were excluded from all analyses because the use of anti-
hypertensive drugs considerably affected BP values.

In Model 1, the results were adjusted only for the cate-
gorical variable of the annual health check-up month (DF=
11) to exclude seasonal BP variation. In Model 2, we added
all the characteristics in fiscal year 2018 (baseline), as shown
in Table 1. For BP values, the baseline systolic BP or
baseline diastolic BP value was added to the model regarding
systolic BP changes or diastolic BP changes, respectively. In
Model 3, all changeable characteristics assessed in each fiscal
year except for BP values, that is, age, body mass index
(BMI), smoking, alcohol consumption (rarely/sometimes/
everyday), history of ischemic heart disease, history of

stroke, history of kidney disease, proteinuria, the use of
antidyslipidemic drugs, triglycerides, LDL-c, HDL-c, the use
of antidiabetic drugs, HbA1c, ALT, AST, γ-GTP, exercise
habit, and physical activity, were added to Model 2 to assess
the results adjusted for time-dependent covariates. Trigly-
cerides, ALT, AST, and γ-GTP were naturally log-
transformed because of their positively skewed distributions.

For sensitivity analysis, we conducted stratification
analysis according to alcohol consumption or smoking
status. Stratification analysis according to age (55 years)
was performed for the diastolic BP changes since diastolic
BP decreases with aging in an old population [24, 25]. To
strictly consider collinearity, we restricted the covariates in
the model. Furthermore, we performed an analysis of the
participants with all BP data during fiscal years 2015–2020.

All data were analyzed using SAS software (version 9.4;
SAS Institute, Cary, North Carolina, USA). Statistical sig-
nificance was set at p < 0.05. Continuous variables are
expressed as the mean ± standard deviation unless
otherwise noted.
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Fiscal Year
Fig. 2 The schema of the analysis to examine the specific effect of
fiscal years 2019 and 2020. We used the model with the continuous
variable of fiscal year (DF= 1), the code of fiscal year 2019 (=1, other
fiscal year =0), and the code of fiscal year 2020 (=1, other fiscal
year =0) to examine this association
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Results

Baseline characteristics

The mean age was 50.9 ± 12.3 years, and 67.5% of parti-
cipants were men. Of the 157,510 participants, 27.9% were
untreated women, 56.2% were untreated men, 4.9% were
treated women, and 11.0% were treated men. The health
check-up participation rates in 2015, 2016, 2017, and 2019
were 58.2%, 75.1%, 82.6%, and 82.6%, respectively (data
from fiscal years 2018 and 2020 were not missed because of
the participant selection criteria). The data in fiscal year
2020 were collected in summer (June to September) rather
than in the other fiscal years (the proportion of summer
data: 74.3% in fiscal year 2020 and 48.5–59.4% in the other
fiscal years). When compared with the untreated partici-
pants group, the treated participants group was older by
approximately 12 years and had higher BP levels, and
higher proportions of participants with history of diseases,

treatment of diabetes or dyslipidemia, exercise habits and
NHI insurees (Table 1).

Change in BP changes during 2015–2020

The detailed systolic/diastolic BP changes during the
study period are shown in Fig. 3. After adjustment for the
annual health check-up month (Model 1), the systolic BP
linearly increased during fiscal years 2015–2018, slightly
decreased in fiscal year 2019 only among treated partici-
pants and increased by 1–2 mmHg in fiscal year 2020
among all groups. These tendencies seemed to be weak in
treated men. Diastolic BP also appeared to increase
slightly in fiscal year 2020. The difference in the average
systolic BP among the four groups throughout the fiscal
period of 2015–2020 was reduced after additional
adjustments for baseline characteristics (Model 2). After
further adjustments for changeable characteristics during
follow-up as time-dependent covariates (Model 3), the

Table 1 Characteristics at
baseline (in fiscal year 2018)

Untreated Treated

Variables Women Men Women Men

N 43,292 88,479 7855 17,884

Age, years 52.2 ± 12.2 46.3 ± 11.9 64.2 ± 7.1 58.9 ± 8.9

BMI, kg/m2 21.6 ± 3.3 23.2 ± 3.3 23.9 ± 3.9 25.4 ± 3.8

Smoker, % 7.0 29.2 4.1 23.0

Alcohol consumption, %

Rarely 60.7 31.1 70.5 25.1

Sometimes 29.2 40.4 20.4 31.2

Everyday 10.1 28.5 9.2 43.8

Systolic BP, mmHg 115.7 ± 17.0 120.3 ± 14.2 133.7 ± 16.7 130.9 ± 15.5

Diastolic BP, mmHg 70.0 ± 10.7 75.0 ± 10.6 78.4 ± 10.0 81.4 ± 10.2

History of IHD, % 1.9 1.8 6.6 10.3

History of stroke, % 0.5 0.6 3.8 4.8

History of kidney disease, % 0.4 0.3 1.2 1.6

Proteinuria, % 1.4 2.1 3.0 6.8

Use of antidyslipidaemia drugs, % 9.9 5.8 41.8 32.2

Triglyceride, mmol/La 0.8 (0.6–1.1) 1.0 (0.7–1.5) 1.1 (0.8–1.5) 1.3 (0.9–1.9)

LDL-c, mmol/L 3.1 ± 0.8 3.2 ± 0.8 3.1 ± 0.7 3.0 ± 0.7

HDL-c, mmol/L 1.8 ± 0.4 1.5 ± 0.4 1.7 ± 0.4 1.5 ± 0.4

Use of antidiabetic drugs, % 1.6 2.6 9.3 14.5

HbA1c, % 5.5 ± 0.4 5.5 ± 0.5 5.8 ± 0.6 5.9 ± 0.7

ALT, IU/La 15 (12–19) 21 (16–30) 18 (14–24) 24 (18–35)

AST, IU/La 20 (17–23) 22 (18–26) 22 (19–26) 24 (20–30)

γ-GTP, IU/La 17 (13–23) 29 (20–47) 20 (15–30) 39 (26–66)

Exercise habit, % 36.0 36.5 47.6 45.7

Physical activity, % 45.6 42.8 54.2 44.0

NHI participants, % 35.6 12.2 73.0 35.7

BP blood pressure; IHD ischemic heart disease
aThe values are expressed as median (25th–75th percentiles) because of their positively skewed distributions
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increase in systolic BP in fiscal year 2020 remained, while
the positive trends in systolic BP during fiscal years
2015–2018 were attenuated.

When the fiscal year was used as a continuous variable
(Table 2), a positive trend in systolic BP between fiscal
years 2015 and 2018 was also observed (Model 1 and
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Fig. 3 Detailed changes in systolic BP (A–C) and diastolic BP (D–F).
Model 1 includes the health check-up month (A, D). Model 2 includes
all baseline characteristics, as indicated in Table 1, in addition to
Model 1 (B, E). Model 3 additionally includes all characteristics at

each health check-up as time-dependent variables (C, F). The corre-
sponding 95% confidence intervals are not shown because of the
narrow ranges (differences between means and 95% confidence lim-
its ≤ |0.41| mmHg). BP blood pressure
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Model 2); however, this greatly weakened after adjustments
for characteristics during follow-up (Model 3). The dis-
tinctive systolic BP changes in fiscal years 2019 and 2020
were almost similar, even after adjustments for time-
dependent covariates (Model 3). Regarding the trends in
diastolic BP, the distinctive diastolic BP changes in fiscal
year 2019 were not obvious (Supplementary Table 1).
Meanwhile, the specific change in diastolic BP in fiscal year
2020 (95% confidence interval) was 1.05 (0.96–1.14)
mmHg for untreated women, 1.17 (1.11–1.24) mmHg for
untreated men, 0.46 (0.25–0.67) mmHg for treated women,
and 0.39 (0.25–0.53) mmHg for treated men after adjust-
ments only for the annual health check-up month; these
values were similar in Model 2 and Model 3 (Supplemen-
tary Table 1).

Sensitivity analysis

A similar increase in systolic BP in fiscal year 2020 was
also observed in nonsmokers and participants who rarely
consumed alcohol (Supplementary Table 2). When the
participants were stratified by the age of 55 years, the dia-
stolic BP increased in fiscal year 2020 regardless of age
(0.35–1.20 mmHg) (Supplementary Table 3).

We adjusted the systolic BP changes only for NHI par-
ticipation and the changeable characteristics in each fiscal
year without baseline characteristics (sensitivity analysis 1

in Supplementary Table 4). We further restricted the vari-
able characteristics to age, BMI, smoking and drinking
status, history of ischemic heart disease, history of stroke,
history of kidney disease, proteinuria, LDL-c, HbA1c, γ-
GTP, and physical activity in each fiscal year. However,
these adjustments did not significantly alter the results
(sensitivity analysis 2 in Supplementary Table 4). When the
analysis was performed on 65,829 participants who under-
went examinations every year during 2015–2020, systolic
BP decreased in fiscal year 2019 only among treated
women, and the systolic BP increment in fiscal year 2020
among treated women was elevated to 2.68 mmHg (sensi-
tivity analysis 3 in Supplementary Table 4). In this sensi-
tivity analysis, the annual changes for 2015–2018 were
comparable to the main results.

The prevalence rate of systolic/diastolic BP ≥130/≥80
mmHg did not significantly change during fiscal year
2018–2019 among treated participants (≈67% for treated
women and ≈69% for treated men during fiscal year
2018–2019; Supplementary Fig. 1).

Discussion

Systolic BP increased positively until 2018, but these
increments were weakened after adjustment for character-
istics during follow-up. In fiscal year 2020, both systolic/

Table 2 Systolic BP change
during 2015–2020

Systolic BP (95% confidence interval), mmHg

Analysis subgroup Model 1 Model 2 Model 3

Annual change in fiscal years 2015–2018

Untreated women 0.82 (0.76 to 0.88)‡ 0.90 (0.85 to 0.94)‡ 0.33 (0.24 to 0.42)‡

Untreated men 0.60 (0.56 to 0.65)‡ 0.71 (0.67 to 0.74)‡ 0.15 (0.07 to 0.24)†

Treated women 0.82 (0.67 to 0.96)‡ 0.89 (0.78 to 1.01)‡ 0.43 (0.29 to 0.56)‡

Treated men 0.11 (0.02 to 0.21)† 0.19 (0.11 to 0.26)‡ −0.24 (−0.35 to −0.14)‡

Change in fiscal year 2019a

Untreated women 0.05 (−0.08 to 0.19) −0.02 (−0.16 to 0.12) −0.02 (−0.16 to 0.11)

Untreated men −0.09 (−0.18 to 0.01) −0.18 (−0.28 to −0.08)† −0.16 (−0.26 to −0.06)†

Treated women −0.97 (−1.29 to −0.65)‡ −1.02 (−1.35 to −0.70)‡ −1.01 (−1.33 to −0.69)‡

Treated men −0.26 (−0.47 to −0.04)† −0.31 (−0.53 to −0.09)† −0.25 (−0.46 to −0.03)†

Change in fiscal year 2020a

Untreated women 2.11 (1.97 to 2.24)‡ 2.11 (1.98 to 2.24)‡ 2.13 (2.00 to 2.26)‡

Untreated men 1.60 (1.51 to 1.70)‡ 1.65 (1.56 to 1.75)‡ 1.62 (1.52 to 1.71)‡

Treated women 1.92 (1.60 to 2.23)‡ 1.90 (1.60 to 2.21)‡ 1.82 (1.52 to 2.12)‡

Treated men 1.00 (0.79 to 1.21)‡ 1.04 (0.84 to 1.25)‡ 1.06 (0.86 to 1.27)‡

Model 1 includes the health check-up month. Model 2 includes all baseline characteristics indicated in
Table 1 (except for diastolic BP), in addition to Model 1. Model 3 includes all changeable characteristics at
each health check-up as time-dependent variables, in addition to Model 2

BP blood pressure
†p < 0.05; ‡p < 0.0001
aChanges in BPs were estimated using the method indicated in Fig. 2
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diastolic BP increased by 2.11/1.05 mmHg for untreated
women, 1.60/1.17 mmHg for untreated men, 1.92/0.46
mmHg for treated women, and 1.00/0.39 mmHg for treated
men. Among the treated participants, a slight decrease in
systolic BP was observed in fiscal year 2019, especially in
women. These distinctive BP changes in fiscal years 2019
and 2020 did not change after any adjustments for covari-
ates, including time-dependent covariates.

Under a state of emergency, the Japanese population
could have been exposed to various stresses, leading to the
elevation of BP. In our study, the amplitude of the systolic/
diastolic BP increment in fiscal year 2020 was approxi-
mately ≤2/≤1 mmHg. This BP elevation could have a great
impact on a population while it would be a small change in
one individual [19, 26]. Consistent with recent reports from
the United States [16], we proved that the systolic BP
increase in 2020 persisted after participants were stratified
according to antihypertensive treatment status and after
adjusting for various confounding factors. Meanwhile, there
are several reports indicating different results. Fucile et al.
reported that systolic/diastolic BP decreased from 139/78
mmHg to 132/75 mmHg (−7/−3 mmHg) due to the lock-
down despite no significant changes in body weight, lipid
profile, and blood glucose in 72 patients with hypertension,
as observed at a hypertension research center in a university
hospital [18]. Pengo et al. showed that in 126 patients with
hypertension, home BP decreased by systolic/diastolic BP
of 1.8/0.8 mmHg during the COVID-19 outbreak compared
to the corresponding time window of the previous year [13].
In their study, patients with hypertension had adequate
adherence to treatment and did not show significant body
weight variations [13]. It should be noted that these studies
were based on patients with hypertension followed at a
special medical institution for hypertension [13, 18]. Fur-
thermore, home BP in 535 Japanese treated patients with
chronic disease was also reported to decrease during the
state of emergency [14]. The subjects in those previous
studies might have taken care of their BP levels during
lockdown more than other populations [13, 14, 18].

The increase in BP in fiscal year 2020 could have been
caused by social changes due to the COVID-19 pandemic.
In the present study, most lifestyle changes, such as
drinking, smoking status, and physical activity, were not the
main factors elevating BP in fiscal year 2020. Other pos-
sible factors related to this BP elevation could be mental
disorder and changes in salt or potassium intake, since these
were not used as covariates in the present study. Rates of
major depressive disorder increased during the COVID-19
pandemic in most countries, and women were affected more
by the pandemic than men [27]. Between July and October
2020, suicide rates in Japan increased, with a larger increase
seen in women than in men [28]. The higher BP among
women than that of men in the present study may support

the involvement of mental stress. The systolic BP increment
in fiscal year 2020 was 2.13 mmHg for untreated women
and 1.82 mmHg for treated women in the present study after
adjustments for confounding factors. For treated women,
the systolic BP increment in fiscal year 2020 changed to
2.68 mmHg when the participants were restricted to those
who underwent an examination every year. Regarding
sodium or potassium intake, information regarding nutrients
or eating habits in Japan under the state of emergency is
inconsistent [29, 30]. Further evidence is needed to confirm
the involvement of changes in salt or potassium intake.
Temperature did not cause the BP increment in fiscal year
2020 since the present BP data of fiscal year 2020 were
specifically collected in the summer season, and the results
were adjusted by month. In the present study, the increment
of diastolic BP in fiscal year 2020 among treated partici-
pants seemed to be smaller than that among untreated
participants (approximately 0.4 mmHg vs. 1 mmHg,
respectively). The small increase in diastolic BP in fiscal
year 2020 among treated participants might have been
caused by the lack of vascular elasticity due to the relatively
long-term exposure to high BP [24, 25].

Based on our findings, the update of hypertension
guidelines in 2019 might have reduced BP in treated
patients with hypertension. The target systolic/diastolic BP
was lowered from <140/<90 mmHg to <130/<80 mmHg in
patients younger than 75 years, according to the JSH
guideline 2019 [19]. Systolic BP was reduced by 0.25–1.0
mmHg in fiscal year 2019 among the treated participants.
This could reflect the change in physicians’ consciousness
about BP control due to the JSH guideline update. How-
ever, we did not observe any obvious change in the pre-
valence rate of systolic/diastolic BP ≥ 130/≥80 mmHg
during fiscal years 2018–2019, despite the target BP being
lowered by the guideline update. This could be due to
‘clinical inertia’, defined as the failure of health care pro-
viders to initiate or intensify therapy according to guidelines
[19]. Health care providers should comply with the need to
enhance antihypertensive treatment according to the
guidelines.

Several limitations of our study should be considered
when interpreting the findings. First, the database pre-
dominantly contains data on middle-aged Japanese workers
aged <75 years who underwent annual health check-ups
several times. The participants might have been healthier
and more health-conscious than other populations. There-
fore, the BP increment in fiscal year 2020 might have been
underestimated. Second, the real-world data used in our
study were not collected or organized to support research,
nor were they optimized for such purposes. However, the
present study based on real-world data revealed the real
situation in Japan without biases related to clinical trials
such as the Hawthorn effect. Third, the present study did not
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provide detailed information on antihypertensive drugs and
data after 2020. Further studies should wait for the accu-
mulation of data from 2021 onward to predict whether the
basic trend in BP over the years will be linear. Fourth, data
on alcohol consumption, smoking status, and physical
activity were collected through questionnaires or interviews
during health check-ups. Adjustments for these variables
might not be perfect because of reporting bias.

Perspectives in Asia

A slight decline in BP after the hypertension guideline
update was observed in the present study, while the hyper-
tension control rate was reported to decrease during
2013–2018 in the US population [31]. The present study
also suggests that the BP in an Asian population can increase
even under a “mild lockdown”, which was implemented by
the Japanese government. Government measures against the
COVID-19 pandemic have varied among countries, even
among Asian countries. We should follow BP trends after
2021 and explore the specific factors associated with the
time trends of BP in each Asian population.

Conclusion

Systolic/diastolic BP increased by approximately 1–2/0.5–1
mmHg under the state of emergency in fiscal year 2020
among Japanese individuals, when most people experienced
various social restrictions due to the COVID-19 pandemic.
This BP increment was not altered by any adjustments for
covariates, including time-dependent variables, such as
BMI, alcohol consumption, smoking status, and physical
activity. The hypertension guideline update might have
been responsible for the slight decrease in BP among the
treated patients with hypertension in fiscal year 2019.
However, the prevalence rates of systolic/diastolic BP ≥
130/≥80 mmHg were almost the same between fiscal years
2018 and 2019.

Acknowledgements We thank Ms. Tsubasa Nakagawa and all staff at
DeSC Healthcare Inc. The database in the present study was provided
by DeSC Healthcare Inc. under their academic research support
program.

Funding This study was supported by Grants for Scientific Research
(17K15853 and 21K10478) from the Ministry of Education, Culture,
Sports, Science, and Technology, Japan; Research Support from Bayer
Yakuhin Co., Ltd; the Health Care Science Institute Research Grant; a
grant from the Foundation for Total Health Promotion; and the
Medical Research Encouragement Prize of the Japan Medical
Association.

Author contributions MS: Conceptualization, data curation, formal
analysis, funding acquisition, methodology, project administration,

supervision, validation, visualization, and writing of the original draft.
TM: Methodology, project administration, validation, visualization,
writing, review, and editing. TO: Methodology, validation, visualiza-
tion, writing review, and editing. HM: Conceptualization, formal
analysis, funding acquisition, methodology, project administration,
writing review, and editing. All authors contributed to this scientific
work and approved the final version of the manuscript.

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020;395:497–506.

2. World Health Organization. Rolling updates on coronavirus disease
(COVID-19). https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/events-as-they-happen. Accessed 02 Sep 2020.

3. Suzuki Y, Maeda N, Hirado D, Shirakawa T, Urabe Y. Physical
activity changes and its risk factors among community-dwelling
Japanese older adults during the COVID-19 epidemic: associa-
tions with subjective well-being and health-related quality of life.
Int J Environ Res Public Health. 2020;17:6591. https://doi.org/10.
3390/ijerph17186591.

4. Munekawa C, Hosomi Y, Hashimoto Y, Okamura T, Takahashi F,
Kawano R, et al. Effect of coronavirus disease 2019 pandemic on
the lifestyle and glycemic control in patients with type 2 diabetes:
a cross-section and retrospective cohort study. Endocr J.
2021;68:201–10.

5. Tanji Y, Sawada S, Watanabe T, Mita T, Kobayashi Y, Murakami T,
et al. Impact of COVID-19 pandemic on glycemic control among
outpatients with type 2 diabetes in Japan: a hospital-based survey
from a country without lockdown. Diabetes Res Clin Pract.
2021;176:108840. https://doi.org/10.1016/j.diabres.2021.108840.

6. Kishimoto M, Ishikawa T, Odawara M. Behavioral changes in
patients with diabetes during the COVID-19 pandemic. Diabetol
Int. 2021;12:241–45.

7. Koyama S, Tabuchi T, Okawa S, Kadobayashi T, Shirai H,
Nakatani T, et al. Changes in smoking behavior since the
declaration of the COVID-19 state of emergency in Japan: a cross-
sectional study from the Osaka Health App. J Epidemiol.
2021;31:378–86.

8. He M, Xian Y, Lv X, He J, Ren Y. Changes in body weight,
physical activity, and lifestyle during the semi-lockdown period
after the outbreak of COVID-19 in China: an online survey.
Disaster Med Public Health Prep. 2021;15:e23–8. https://doi.org/
10.1017/dmp.2020.237.

9. Sidor A, Rzymski P. Dietary choices and habits during COVID-19
lockdown: experience from Poland. Nutrients. 2020;12:1657.
https://doi.org/10.3390/nu12061657.

10. Di Renzo L, Gualtieri P, Pivari F, Soldati L, Attina A, Cinelli G,
et al. Eating habits and lifestyle changes during COVID-19
lockdown: an Italian survey. J Transl Med. 2020;18:229. https://
doi.org/10.1186/s12967-020-02399-5.

11. Naughton F, Ward E, Khondoker M, Belderson P, Marie Mini-
hane A, Dainty J, et al. Health behaviour change during the UK
COVID-19 lockdown: findings from the first wave of the C-19
health behaviour and well-being daily tracker study. Br J Health
Psychol. 2021;26:624–43.

1416 M. Satoh et al.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://doi.org/10.3390/ijerph17186591
https://doi.org/10.3390/ijerph17186591
https://doi.org/10.1016/j.diabres.2021.108840
https://doi.org/10.1017/dmp.2020.237
https://doi.org/10.1017/dmp.2020.237
https://doi.org/10.3390/nu12061657
https://doi.org/10.1186/s12967-020-02399-5
https://doi.org/10.1186/s12967-020-02399-5


12. Pollard MS, Tucker JS, Green HD Jr. Changes in adult alcohol use
and consequences during the COVID-19 pandemic in the US.
JAMA Netw Open 2020;3:e2022942. https://doi.org/10.1001/ja
manetworkopen.2020.22942.

13. Pengo MF, Albini F, Guglielmi G, Mollica C, Soranna D, Zambra
G, et al. Home blood pressure during COVID-19-related lock-
down in patients with hypertension. Eur J Prev Cardiol. 2021.
https://doi.org/10.1093/eurjpc/zwab010.

14. Kobayashi K, Chin K, Umezawa S, Ito S, Yamamoto H, Nakano
S, et al. Influence of stress induced by the first announced state of
emergency due to coronavirus disease 2019 on outpatient blood
pressure management in Japan. Hypertens Res. 2022;45:675–85.

15. Shah NP, Clare RM, Chiswell K, Navar AM, Shah BR, Peterson
ED. Trends of blood pressure control in the U.S. during the
COVID-19 pandemic. Am Heart J. 2022;247:15–23.

16. Laffin LJ, Kaufman HW, Chen Z, Niles JK, Arellano AR, Bare
LA, et al. Rise in blood pressure observed among US adults
during the COVID-19 pandemic. Circulation. 2021. https://doi.
org/10.1161/CIRCULATIONAHA.121.057075.

17. Zhang S, Zhong Y, Wang L, Yin X, Li Y, Liu Y, et al. Anxiety,
home blood pressure monitoring, and cardiovascular events
among older hypertension patients during the COVID-19 pan-
demic. Hypertens Res. 2022;45:856–65.

18. Fucile I, Manzi MV, Mancusi C. Blood pressure and lipid profile
in hypertensive patients post the first COVID-19 lockdown: “Brief
Letter for Publication”. High Blood Press Cardiovasc Prev.
2021;28:493–4.

19. Umemura S, Arima H, Arima S, Asayama K, Dohi Y, Hirooka Y,
et al. The Japanese Society of Hypertension Guidelines for the
Management of Hypertension (JSH 2019). Hypertens Res.
2019;42:1235–481.

20. Harada M, Fujihara K, Osawa T, Yamamoto M, Kaneko M,
Kitazawa M, et al. Relationship between number of multiple risk
factors and coronary artery disease risk with and without diabetes
mellitus. J Clin Endocrinol Metab. 2019. https://doi.org/10.1210/
jc.2019-00168.

21. Takeuchi M, Kawakami K. Association between hemoglobin and
hemoglobin A1c: a data-driven analysis of health checkup data in
Japan. J Clin Med. 2018;7:539. https://doi.org/10.3390/
jcm7120539.

22. Fukushima A, Khabtheni W, Guelfucci F, Onishi Y, Sugiyama D,
Okamura T, et al. Impact of hypertension on hospitalizations for
cardiovascular diseases in a worksite population: an epidemiolo-
gic study using claims data for workers. Am J Hypertens.
2019;32:298–307.

23. Whelton PK, Carey RM, Aronow WS, Casey DE Jr., Collins KJ,
Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high blood
pressure in adults: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Clinical Practice
Guidelines. Hypertension. 2018;71:e13–e115. https://doi.org/10.
1161/HYP.0000000000000066.

24. Satoh M, Metoki H, Asayama K, Murakami T, Inoue R,
Tsubota-Utsugi M, et al. Age-related trends in home blood
pressure, home pulse rate, and day-to-day blood pressure and
pulse rate variability based on longitudinal cohort data: the
Ohasama study. J Am Heart Assoc. 2019;8:e012121. https://doi.
org/10.1161/JAHA.119.012121.

25. Beaney T, Schutte AE, Tomaszewski M, Ariti C, Burrell LM,
Castillo RR, et al. May measurement month 2017: an analysis
of blood pressure screening results worldwide. Lancet Glob
Health. 2018;6:e736–e743. https://doi.org/10.1016/S2214-
109X(18)30259-6.

26. Hardy ST, Loehr LR, Butler KR, Chakladar S, Chang PP, Folsom
AR, et al. Reducing the blood pressure-related burden of cardio-
vascular disease: impact of achievable improvements in blood
pressure prevention and control. J Am Heart Assoc. 2015;4:
e002276. https://doi.org/10.1161/JAHA.115.002276.

27. Collaborators C-MD. Global prevalence and burden of depressive
and anxiety disorders in 204 countries and territories in 2020 due
to the COVID-19 pandemic. Lancet. 2021. https://doi.org/10.
1016/S0140-6736(21)02143-7.

28. Tanaka T, Okamoto S. Increase in suicide following an initial
decline during the COVID-19 pandemic in Japan. Nat Hum
Behav. 2021;5:229–38.

29. Sato K, Kobayashi S, Yamaguchi M, Sakata R, Sasaki Y, Mur-
ayama C, et al. Working from home and dietary changes during
the COVID-19 pandemic: A longitudinal study of health app
(CALO mama) users. Appetite. 2021;165:105323. https://doi.org/
10.1016/j.appet.2021.105323.

30. Nakamura M, Shirai Y, Sakuma M. Dietary Changes during the
COVID-19 pandemic: a longitudinal study using objective
sequential diet records from an electronic purchase system in a
workplace cafeteria in Japan. Nutrients. 2021;13:1606. https://doi.
org/10.3390/nu13051606.

31. Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan
EB, et al. Trends in blood pressure control among US adults
with hypertension, 1999–2000 to 2017–2018. JAMA. 2020;
324:1190–1200.

Time-series analysis of blood pressure changes after the guideline update in 2019 and the coronavirus. . . 1417

https://doi.org/10.1001/jamanetworkopen.2020.22942
https://doi.org/10.1001/jamanetworkopen.2020.22942
https://doi.org/10.1093/eurjpc/zwab010
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://doi.org/10.1161/CIRCULATIONAHA.121.057075
https://doi.org/10.1210/jc.2019-00168
https://doi.org/10.1210/jc.2019-00168
https://doi.org/10.3390/jcm7120539
https://doi.org/10.3390/jcm7120539
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.1161/JAHA.119.012121
https://doi.org/10.1161/JAHA.119.012121
https://doi.org/10.1016/S2214-109X(18)30259-6
https://doi.org/10.1016/S2214-109X(18)30259-6
https://doi.org/10.1161/JAHA.115.002276
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1016/j.appet.2021.105323
https://doi.org/10.1016/j.appet.2021.105323
https://doi.org/10.3390/nu13051606
https://doi.org/10.3390/nu13051606

	Time-series analysis of blood pressure changes after the guideline update in 2019 and the coronavirus disease pandemic in 2020 using Japanese longitudinal data
	Abstract
	Introduction
	Materials and methods
	Study design and population
	Data collection
	Statistical analysis

	Results
	Baseline characteristics
	Change in BP changes during 2015&#x02013;nobreak2020
	Sensitivity analysis

	Discussion
	Perspectives in Asia

	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




