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Seasonal variation in self-measured home blood
pressure among patients on antihypertensive
medications: HOMED-BP study

Tomohiro Hanazawa1,2, Kei Asayama1,3, Daisuke Watabe1,4, Miki Hosaka5, Michihiro Satoh6, Daisaku Yasui7,
Taku Obara8, Ryusuke Inoue9, Hirohito Metoki6, Masahiro Kikuya8, Yutaka Imai1 and Takayoshi Ohkubo3

on behalf of Hypertension Objective Treatment Based on Measurement by Electrical Devices of Blood Pressure
(HOMED-BP) investigators

Seasonal variation of blood pressure (BP) has been reported in small populations or by BP levels captured at only a few points in

a year, for example, summer and winter. We aimed to investigate the multiyear seasonal variation in self-measured home BP

among hypertensive patients receiving antihypertensive medications. We selected 1649 eligible patients receiving

antihypertensive drug treatment, and weekly averaged home BPs were analyzed throughout the follow-up period. Systolic and

diastolic home BPs were fitted with the cosine function: ‘Variation+Other Effects+Intercept’, in which the ‘Variation’ was

expressed by a cosine curve with three parameters representing: (1) maximum–minimum difference of home BP in one cycle of

the cosine curve; (2) time required for one cycle of the cosine curve for home BP variation; and (3) time at which home BP

reached the maximum point. Maximum–minimum differences in home BP were 6.7/2.9 mm Hg, and the highest home BPs were

observed in mid-to-late January. In the multivariable-adjusted model, a large maximum–minimum difference in home BP was

associated with lower body mass index and older age, and larger differences were observed in men compared with women.

Summer–winter difference in home BP was essentially similar every year, though it was marginally reduced by 0.14/0.04 mm Hg

per year, under long-term antihypertensive treatment. Records of daily home BP measurements enable us to capture long-term

factors such as seasonal variation. Home BP should therefore be carefully monitored, particularly in patients with increased BP

in winter, to mitigate cardiovascular risk.
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INTRODUCTION

Blood pressure (BP) is generally higher in winter and lower in
summer.1–14 A consistent trend for such seasonal variation has
been reported regardless of BP level.5 Seasonal change of BP is
associated with seasonal change in incidence of and mortality from
cardiovascular disease.15,16

Compared with conventional office BP, home BP is a useful
tool17–21 that is highly reproducible22 and reliable for predicting
cardiovascular complications23–25 and renal function.26 Continuous
self-measurement of home BP is supposed to enable the capture of a
large amount of BP information on long-term changes, such as
seasonal variation in BP. However, most studies on seasonal variation

with home BP to date have either analyzed small populations to clarify
differences in BP between summer and winter,2–4,9–11,14 had follow-up
for a single year only2–4,10 or the same patients were not followed-up.5

Furthermore, it is unclear whether summer–winter difference in BP is
modified over time under antihypertensive treatment.
We conducted the multicenter Hypertension Objective Treatment

Based on Measurement by Electrical Devices of Blood Pressure
(HOMED-BP) trial,27 in which eligible patients measured home BP
daily during the follow-up period. Along with accurate information on
antihypertensive drug medication, we investigated multiyear seasonal
variation in home BP among treated hypertensive patients using a
model-based mathematical approach.

1Department of Planning for Drug Development and Clinical Evaluation, Tohoku University Graduate School of Pharmaceutical Sciences, Sendai, Japan; 2Japan Development and
Medical Affairs, GlaxoSmithKline, Tokyo, Japan; 3Department of Hygiene and Public Health, Teikyo University School of Medicine, Tokyo, Japan; 4Department of Pharmacy,
National Cancer Center Hospital, Tokyo, Japan; 5Clinical Research, Innovation and Education Center, Tohoku University Hospital, Sendai, Japan; 6Division of Public Health,
Hygiene and Epidemiology, Tohoku Medical and Pharmaceutical University Faculty of Medicine, Sendai, Japan; 7Embassy of Japan, Rome, Italy; 8Department of Preventive
Medicine and Epidemiology, Tohoku Medical Megabank Organization, Tohoku University, Sendai, Japan and 9Department of Medical Informatics, Tohoku University Graduate
School of Medicine, Sendai, Japan
Correspondence: Dr K Asayama, Department of Hygiene and Public Health, Teikyo University School of Medicine, 2-11-1 Kaga, Itabashi-ku, Tokyo 173-8605, Japan.
E-mail: kei@asayama.org
Received 18 May 2016; revised 3 August 2016; accepted 12 August 2016; published online 29 September 2016

Hypertension Research (2017) 40, 284–290
& 2017 The Japanese Society of Hypertension All rights reserved 0916-9636/17

www.nature.com/hr

http://dx.doi.org/10.1038/hr.2016.133
mailto:kei@asayama.org
http://www.nature.com/hr


METHODS

HOMED-BP trial
The present study was part of the multicenter HOMED-BP controlled trial
(2001–2010) that aimed to establish the long-term benefits of clinical practice
based on self-measured home BP.27 In the HOMED-BP, participants with
mild-to-moderate hypertension with a minimum age of 40 years were recruited
throughout Japan. Participants were treatment-naive patients and previously
treated patients for whom antihypertensive treatment would be discontinued
for ⩾ 2 weeks. Off treatment, participants had to maintain a self-measured
home BP of 135–179 mm Hg systolic BP or 85–119 mm Hg diastolic BP.
In a 2× 3 factorial design, 3518 eligible patients were randomized to tight
(n= 1759; targeting o125/o80 mm Hg) or usual (n= 1759; targeting
125–134/80–84 mm Hg) control of home BP and to the initiation of
antihypertensive drug treatment with angiotensin-converting enzyme inhibitors
(ACEIs; n= 1172), angiotensin receptor blockers (ARBs; n= 1175) or calcium
channel blockers (CCBs; n= 1171). Antihypertensive drug medications were
titrated based on home BP level.
The HOMED-BP protocol complies with the Helsinki Declaration for

Investigation of Human patients28 and is registered with the UMIN Clinical
Trial Registry (#C000000137; http://www.umin.ac.jp/ctr). The institutional
review board of the Tohoku University Graduate School of Medicine approved
the study protocol, and all study participants provided written informed
consent before the treatment designated in the protocol.

Selection of eligible patients
Of the 3518 HOMED-BP patients, 1649 hypertensive patients with morning
home BP data for ⩾ 52 weeks after the first year, that is, a total of ≈2 years or
more since randomization, were investigated in the present study. Home BP
data within the first year after randomization were excluded to minimize the
influence of frequent titration of the initial antihypertensive treatment.

Home BP measurement and evaluation
In HOMED-BP, all patients were asked to measure BP and heart rate after
⩾ 2 min rest in a sitting position every morning throughout the study. These
measurements were required to be obtained within 1 h of waking, before
breakfast and before taking antihypertensive medications, in accordance with
Japanese guideline for home BP monitoring.21 Validated oscillometric OMRON
HEM-747IC-N monitors (Omron Healthcare, Kyoto, Japan),29 which store up
to 350 readings in memory, were supplied to patients for self-measurement of

BP at home. At each clinic visit, the recorded home BP values with the
information of antihypertensive drugs were uploaded by physicians via a local
computer to the HOMED-BP data server. Home BP was averaged on a weekly
basis to reduce the effect of day of the week on BP, and averaged home BP
values calculated from o5 measurements in a week were treated as missing
values. Representing 1 year as 52 weeks, we included December 31 and
February 29 (when applicable) in week 52 and week 9 of each year, respectively,
with those weeks thus covering 8 days.

Statistical analyses with mathematical modeling methods
Weekly averaged systolic and diastolic home BPs were fitted to the following
cosine function, applying PROC NLMIXED procedure as a nonlinear mixed
effect model (Figure 1) using SAS version 9.3 software (SAS Institute, Cary, NC,
USA):

Home BP ¼ BPvar

2
� cos 2p

T freq
W � Tmaxð Þ þOther effectsþ Intercept

where BPvar is the maximum–minimum difference of home BP in one cycle of
the cosine curve (mm Hg), Tfreq is the time required for one cycle of home BP
variation (weeks) and Tmax is the time at which home BP reached the first
maximum point from 1 January (weeks). ‘W’ denotes the time (weeks) and ‘W’

of ‘1–52’ indicates ‘1 January to 31 December’ in the year in which each patient
was randomized. Other effects consisted of the effects of the defined daily dose
(DDD),30 KDDD (mm Hg per unit) and the elapsed time from randomization in
the HOMED-BP study, KTime (mm Hg per year), to adjust for the effects of BP
change induced by participation in the study, including antihypertensive drug
titration. The intercept is BPref, a reference point for home BP variation.
To detect between-patient variability, random effects were assumed for the
maximum–minimum difference (BPvar) and the intercept (BPref). A cosine
curve was incorporated for the model because it expressed a cyclic and
symmetric curve.
Pearson’s correlation coefficients between individual weekly averaged home

BP and estimated home BP by the assumed models (empirical Bayes estimates)
were computed to confirm whether systolic and diastolic models appropriately
predicted actual observed home BP. We further assumed a fully adjusted model
on seasonal variation to explore independent factors associated with seasonal
variation in home BP within the following covariates: body mass index (BMI);
age; sex; diabetes mellitus; hypercholesterolemia; previous cardiovascular
disease; current smoking; current habitual drinking; the region of the outpatient
clinic where enrolled patients were followed-up (Northern Japan: Hokkaido
and Tohoku regions, n= 678; Southern Japan: Kanto, Chubu, Kansai,
Chugoku, Shikoku, and Kyushu-Okinawa regions, n= 971); the elapsed years
from randomization in the HOMED-BP study; and 2×3 randomized groups
(tight or usual control and initial therapy with ACEIs, ARBs or CCBs). Values
of P⩽ 0.05 were considered significant throughout the analysis.

Analyses for evening home BP
Patients enrolled in HOMED-BP were optionally instructed to perform evening
home BP measurement just before going to bed (n= 1284). Evening home BP
was analyzed in the same manner as morning home BP described above for
further investigation.

RESULTS

Characteristics of eligible patients
Baseline characteristics among 1649 eligible patients are shown in
Table 1. At baseline, the mean age was 61.5 years and pretreatment
home systolic/diastolic BP was 151.7/89.1 mmHg. Median follow-up
from randomization to the last measurement of home BP was
5.7 years (interquartile range, 4.2–7.2 years), and the median number
of weeks for which home BP data were available per patient was
178 weeks. The time course of home BP per week is shown in
Figure 2a; the number of provided weekly averaged home BPs
increased until 104 weeks, that is, 2 years after 1 January of the
randomization year as the initiation day varied and we enrolled home
BP data from 1 year after the randomization. Measurement points

130

140

150

157105531
Time (week)

H
om

e 
Sy

st
ol

ic
 B

P 
(m

m
H

g)

Tmax=10

Tfreq=52

BPref=140

BPvar=10

Other effects

Figure 1 The concept of fitting analysis in the basic seasonal variation
model. BPvar is the maximum–minimum difference in home blood pressure
(BP) in one cycle (mm Hg); Tfreq is the time (weeks) required for one cycle
of home BP variation; Tmax is the time (weeks) at which home BP reached
the first maximum point after 1 January; and BPref is a reference
point for variation (mm Hg). This figure shows an ideal curve assuming
BPvar=10 mm Hg, Tfreq=52 weeks, Tmax=10 weeks and BPref=140 mm Hg.
Home BP data in the first year after randomization were excluded, and data
for the present study were provided from week 53 onwards. When Tfreq is
exactly 52 weeks, the curve illustrates complete seasonal variation.
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regularly dipped three times per year matching the major vacation
periods in early May (consecutive holidays), mid-August (traditional
summer vacation) and late December to early January (New Year’s
holiday) in Japan. In total, 309 081 weekly averaged points for

morning home BP were evaluated. In general, study doctors adjusted
antihypertensive drugs along with the seasons (Figure 2b), and the
intension of treatment, represented as DDD, gradually increased
through the study period (Po0.0001), although the magnitude of
the increase was small (∼0.2 units).

Seasonal variation models
Basic seasonal variation models converged in all parameters
(Po0.0001), and estimated means in each parameter are shown in
Table 2. Seasonal variation was confirmed by a 52.1-week cycle,
Tfreq, that indicates that a 1-year cycle can be defined in the current
analysis. The maximum–minimum difference in systolic/diastolic
home BP, BPvar, was 6.7/2.9 mmHg (95% confidence intervals:
6.4–6.9/2.8–3.1 mmHg). The corresponding s.d. for the
maximum–minimum difference was 5.8/3.2 mmHg. The highest
home BPs in systolic and diastolic values were both observed on 19
January that is, 2.6 weeks from 1 January as denoted by Tmax.
Home systolic and diastolic BP decreased along with the DDD
(KDDD: − 1.37/− 0.81 mmHg per unit, Po0.0001) and elapsed
time from randomization (KTime: − 0.37/− 0.58 mmHg per year,
Po0.0001). Figure 3 illustrates the long-term seasonal trend in home
BP among study patients. Estimated weekly averaged home BP by the
basic models correlated significantly with observed home BP levels
(r= 0.76/0.87 in systolic/diastolic home BP, Po0.0001).
In fully adjusted seasonal variation models that included clinical

characteristics at baseline (Table 3), maximum–minimum differences
in home BP showed an increasing trend along with lower BMI and
older age, and significantly larger differences were observed in men
(vs. women, 0.57 mmHg in systolic and 0.22 mmHg in diastolic,
Po0.0001), in patients with diabetes (vs. without diabetes,
1.05 mmHg in systolic and 0.32 mmHg in diastolic, Po0.0001)
and in patients living in Southern Japan (vs. in Northern Japan,
1.48 mmHg in systolic and 0.99 mmHg in diastolic, Po0.0001). The
amplitude of seasonal variation in home BP gradually decreased as
time elapsed from randomization in the study (0.14/0.04 mmHg per
year, P⩽ 0.0002). Larger amplitude of seasonal variation in systolic BP
was observed in the ACEI group compared with other treatment
groups (vs. ARBs: 0.23 mmHg, P= 0.0100; vs. CCBs: 0.18 mmHg,
P= 0.0466), whereas larger variation in diastolic BP was observed in
the ARB group compared with other treatment groups (vs. ACEIs:
0.13 mmHg, P= 0.0109; vs. CCBs: 0.13 mmHg, P= 0.0104).
Statistically significant differences were not observed in other
comparisons between treatment groups (ARBs vs. CCBs in systolic
and ACEIs vs. CCBs in diastolic, P⩾ 0.55). Larger seasonal variation in
diastolic BP was observed in the usual control group (vs. tight control
group: 0.13 mmHg, P= 0.0013).

Analyses for evening home BP
Baseline characteristics, parameters in the basic seasonal variation
model and long-term seasonal trend among 1284 patients with
evening home BP were generally consistent with the aforementioned
1649 patients with morning home BP, as shown in Supplementary
Tables S1 and S2 and Supplementary Figure S1, respectively. Estimated
weekly averaged home BP captured in the evening correlated
significantly with observed home BP levels (r= 0.81/0.86 in systolic/
diastolic home BP, Po0.0001). In the fully adjusted seasonal variation
models (Supplementary Table S3), individual characteristics were
similarly associated with maximum–minimum differences in evening
home BP. Meanwhile, differences in evening BP were larger in those
who currently drink (vs. those who do not currently drink,
0.82 mmHg in systolic and 0.64 mmHg in diastolic, Po0.0001)

Table 1 Baseline characteristics according to the enrollment of the

present study

Variables Eligible

Number of patients 1649

Women (%) 52.0

Age (years) 61.5±9.7

Body mass index (kg m−2) 24.4±3.3

Current smoking (%) 17.5

Current habitual drinking (%) 48.5

Diabetes mellitus (%) 14.5

Hypercholesterolemia (%) 37.4

Previous cardiovascular disease (%) 3.7

Home systolic blood pressure (mm Hg) 151.7±12.3

Home diastolic blood pressure (mm Hg) 89.1±10.0

Home heart rate (b.p.m.) 67.6±8.8

Values are expressed by mean± s.d. or percentage.
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Figure 2 (a) Number of provided weekly averaged morning home blood
pressure (BP) data for the morning recording group. The number of points
increased during weeks 53–104 because the week of randomization in
HOMED-BP (Hypertension Objective Treatment Based on Measurement by
Electrical Devices of Blood Pressure) study differed among enrolled patients.
(b) The defined daily dose of antihypertensive medications for the morning
recording group. Medication was adjusted along with seasons and defined
daily dose was gradually increased.
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and the difference in evening diastolic BP was small in patients with
diabetes compared with patients with normal glucose metabolism
(0.22 mmHg, P= 0.0013). In addition, a smaller amplitude of
seasonal variation in systolic and diastolic BP was observed in the
CCB group (vs. ACEIs: − 0.31 mmHg, P= 0.0025; vs. ARBs:
− 0.37 mmHg, P= 0.0004 in systolic and vs. ACEIs: − 0.20 mmHg,
P= 0.0011; vs. ARBs: − 0.21 mmHg, P= 0.0005 in diastolic). A larger

seasonal variation in systolic BP was observed in the usual control
group (vs. tight control group: 0.29 mmHg, P= 0.0005).

DISCUSSION

The present study is the first report to investigate the long-term
seasonal trend of home BPs derived from weekly averaged BP levels.
Regarding the basic and fully adjusted seasonal variation models, we
found that: (1) the cycle of the cosine curve significantly represented
seasonal variation in this population; (2) home BP was maximal in
mid-to-late January and minimal in mid-to-late July, and differences
were 6.7/2.9 mmHg in the morning and 5.5/2.7 mmHg in the
evening; (3) men, elderly and underweight patients showed large
maximum–minimum seasonal differences, whereas drinking habits
significantly strengthened differences in evening home BP, but not in
morning home BP, between summer and winter; and (4) the
amplitude of seasonal variation in BP changed significantly, but only
⩽ 0.14 mmHg per year, under antihypertensive treatment.
We assumed the cosine function model (basic model) and further

constructed the multivariable-adjusted model (fully adjusted model)
for seasonal variation. The basic model clearly illustrated seasonal
variation in home BP given the parameter for the time required for
1 cycle of home BP variation (Tfreq) was 52.1 weeks, and the estimated
weekly averaged home BP strongly correlated with the observed home
BP levels (r⩾ 0.76). The cosine function model therefore enables us to
express the yearly seasonal variation in home BP among patients
under monotherapy or combination therapy with antihypertensive
drug treatment. Effects of confounders were appropriately observed in
the fully adjusted models.
Within the seasonal variation, the highest home BP was observed in

mid-to-late January whereas the lowest home BP was observed in
mid-to-late July. This timing was essentially similar regardless of
morning (Figure 3) or evening (Supplementary Figure S1) home BP
measurements. The overall seasonal trend, for example, higher BP in
winter and lower BP in summer, was similarly observed in previous
studies using office BP5,6,8,13 and 24 h ambulatory BP.3,5,12,14

Fedecostante et al.,12 however, reported that nighttime ambulatory
systolic BP measured from 2200 to 0600 h was significantly higher in
summer (2.3 mmHg, P= 0.005). This divergence from our findings
may indicate different features between awake evening home BP and
sleeping ambulatory BP. Sleep quality may be related to nighttime
ambulatory BP, particularly in regions without common use of air
conditioners, as investigated by Fedecostante et al.12 Conversely,
significantly higher BP in winter than summer was reported for
daytime BP measured from 0600 to 2200 h (2.4 mmHg in systolic and

Table 2 Basic models on seasonal variation

Morning systolic BP Morning diastolic BP

Parameters Point estimate 95% CI Point estimate 95% CI

Maximum–minimum difference in BP (mm Hg) BPvar 6.7 (6.4, 6.9) 2.9 (2.8, 3.1)

s.d. 5.8 (5.5, 6.0) 3.2 (3.1, 3.3)

Time to maximum home BP from 1 January (weeks) Tmax 2.6 (2.5, 2.8) 2.6 (2.4, 2.9)

Time for one cycle of home BP variation (weeks) Tfreq 52.1 (52.1, 52.2) 52.1 (52.1, 52.2)

Reference point of home BP variation (mm Hg) BPref 132.5 (132.0, 132.9) 79.1 (78.7, 79.4)

s.d. 8.1 (7.8, 8.4) 6.9 (6.6, 7.1)

BP change by DDD (mm Hg per unit) KDDD −1.37 (−1.42, −1.31) −0.81 (−0.84, −0.78)

BP change by elapsed time (mm Hg per year) KTime −0.37 (−0.38, −0.35) −0.58 (−0.59, −0.57)

Abbreviations: BP, blood pressure; CI, confidential interval; DDD, defined daily dose.
Both systolic and diastolic models converged (Po0.0001 in all parameters).
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Figure 3 Multiyear change in (a) morning home systolic blood pressure (BP)
and (b) morning home diastolic BP illustrated by the basic seasonal variation
model (line) and measured home BP data (dots). Week 53 is the week
commencing on 1 January in the year following randomization for each
patient.
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2.2 mmHg in diastolic, P⩽ 0.001),12 consistent with our findings for
home BP.
The estimated maximum–minimum BP difference in systolic/

diastolic (BPvar) was 6.7/2.9 mmHg with between-patient variability
(σ1, 5.8/3.2 mmHg as the s.d.). These findings are compatible with
studies conducted in the same climate region, that is, the temperate
zone.2,3,5 In contrast, summer–winter office BP differences were
17.0/9.0 mmHg in Iraq8 and 2.1/1.1 mmHg in Norway.13 Hozawa
et al.11 reported that the increase in BP along with lowering outside
temperature was attenuated below 10 °C. The distinguishing difference
in duration of low outside temperature ⩽ 10 °C among Iraq, Norway
and Japan31 may explain these inconsistent results; elevated BP during
winter is expected to be diminished in subarctic regions such as
Norway because of the long duration with a low temperature ⩽ 10 °C.
This attenuation of BP increase in winter might be explained by room
temperatures modified by heating systems.11 In contrast, populations
in comparatively hot areas closer to the Equator showed larger
seasonal variations in BP.32 In the present study, this effect of latitude
for BP variability was observed even within Japan; larger seasonal
variation in systolic and diastolic BP, by 1.48/0.99 mmHg, was
observed in Southern Japan. The wide difference in climates around
the world would contribute to differences in seasonal variations in BP.
The present findings regarding summer–winter difference in

morning home BP are supported by previous reports in relation to
increasing age,33 men33 and positive smoking status.34 Meanwhile,
associations between BMI and seasonal variation remain
controversial.33,35,36 Some studies33,35 have found no relationship
between BMI and summer–winter difference in BP, whereas
Kristal-Boneh et al.36 reported an inverse correlation between BMI
and mean summer–winter change in systolic BP captured in the
clinical setting. The presence of diabetes mellitus was associated with
seasonal variation in morning home BP, and drinking habits
associated with evening home BP in the present study. However,

these effects of diabetes mellitus and drinking habits on seasonal
variation in BP have not been reported previously, and the clinical
significance of such confounders on seasonal BP variation needs to be
investigated. Predefined 2× 3 randomized groups in the HOMED-BP
study were also statistically associated with seasonal variation.
However, the differences between the groups were small
(⩽0.37 mmHg in systolic and ⩽ 0.21 mmHg in diastolic) and
inconsistent between systolic and diastolic BP or between morning
and evening measurements, suggesting that these differences were
clinically less meaningful.
The complex models with home BP in the present analyses had

several advantages. The models can minimize the inevitable effect of
possible outliers that exaggerate the maximal–minimal differences.
Furthermore, the nonlinear mixed model can include patients
with insufficient amounts of data that resulted in maintaining the
population size in the analysis and in finding out the primary
characteristics of seasonal variation from numerous data. These
features enabled us to precisely estimate the amplitude of seasonal
variation and timing of maximum and minimum BP with the
cosine curve.
The present study has some potential limitations. First, the

HOMED-BP trial was not designed specifically to investigate the
seasonal variation in BP. Although models with large numbers of
home BP measurements converged (Po0.0001) and appear to have
appropriately illustrated the seasonal variation in BP, the lack of
detailed meteorological parameters related to individual patients might
have biased the present results; in particular, records of indoor
temperatures were not available, and a thermometer was not installed
into the sphygmomanometer we used in the present study.
Furthermore, enrolled patients lived throughout Japan, and their
precise locations were not available, although a rough estimation of
location, that is, northern and southern part of Japan, was applied
according to the clinic address. Second, antihypertensive drug

Table 3 Independent factors associated with seasonal variation in home BP by fully adjusted models

Increase of maximum–minimum difference in home BP per unit

Morning systolic BP Morning diastolic BP

Variables Point estimate 95% CI Point estimate 95% CI

Body mass index (kg m−2) −0.13§ (−0.15, −0.11) −0.04§ (−0.05, −0.03)

Age (10 years) 0.80§ (0.72, 0.88) 0.30§ (0.26, 0.35)

Women (vs. men) −0.57§ (−0.74, −0.39) −0.22§ (−0.32, −0.12)

Diabetes mellitus 1.05§ (0.85, 1.26) 0.32§ (0.21, 0.44)

Hypercholesterolemia 0.05 (−0.11, 0.20) −0.19§ (−0.27, −0.10)

Previous cardiovascular disease 0.19 (−0.20, 0.59) 0.02 (−0.20, 0.24)

Current smoking 0.48§ (0.28, 0.69) 0.11 (−0.01, 0.23)

Current habitual drinking 0.00 (−0.17, 0.17) 0.05 (−0.05, 0.15)

Year from randomization (year) −0.14§ (−0.18, −0.10) −0.04‡ (−0.06, −0.02)

Southern region (vs. northern) 1.48§ (1.33, 1.62) 0.99§ (0.91, 1.08)

Randomization group
ACEIs vs. ARBs 0.23* (0.06, 0.41) −0.13* (−0.23, −0.03)

ACEIs vs. CCBs 0.18* (0.00, 0.35) 0.00 (−0.10, 0.10)

ARBs vs. CCBs −0.05 (−0.23, 0.12) 0.13* (0.03, 0.23)

Usual control vs. tight control −0.03 (−0.17, 0.11) 0.13† (0.05, 0.22)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel blocker; CI, confidential interval.
Region: northern: Hokkaido and Tohoku; southern: Kanto, Chubu, Kansai, Chugoku, Shikoku and Kyushu-Okinawa.
Both systolic and diastolic models converged (*Po0.05; †Po0.01; ‡Po0.001; §Po0.0001). Point estimates express the increase of seasonal variation (maximum–minimum difference in one
cycle) per one unit of the variables.
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medication was titrated based on home BP level during the study
period that might have affected the seasonal variation in home BP.
However, detailed information on prescribed medications was
included in the models, allowing us to show the precise home BP
variation. We standardized the varied antihypertensive drug effect
using DDD as adjusted in the model. DDD should be used as the sole
standard dose unit in all pharmacoepidemiologic studies as no other
proposed standards, namely, the minimum marketed dose, the
equipotential dose, the average daily dose and the nonstandard
prescribed daily dose, appeared to offer any advantage over DDD.37

Nevertheless, even adjustment by DDD is not perfect to completely
eliminate the effect of change in antihypertensive medications in this
post hoc analysis. Home BP significantly decreased throughout the
follow-up period, suggesting that steady titration of antihypertensive
drug medication and improvement of lifestyle might have contributed
to lowering home BP. Third, we focused on the hypertensive
population and not on individual patients; therefore, the diversity of
seasonal variation in BP was not sufficiently investigated. However,
our findings would be useful for population strategy in the long-term
management of hypertension. Fourth, the amplitude of seasonal
variation in home BP was statistically reduced during the follow-up
period under antihypertensive treatment. Although it reached
0.70 mmHg during at most 5 years and this effect was appropriately
adjusted for in the model, the long-term seasonal trend in home BP
under antihypertensive drug medication, for example, ⩾ 10 years,
remains unclear. Finally, because the present models consisted of a
simple trigonometric function, the duration between time points for
maximum–minimum home BP was inevitably half of the time
required for 1 cycle of home BP variation, that is, 26 weeks. The
lowest and highest temperatures in Japan are generally observed in
January and August, respectively,31 whereas the present study showed
the highest BP in January and the lowest BP in July, mainly because of
the cosine model. However, this discrepancy can be further explained
based on the following: (1) BP is affected by measurement conditions
such as room temperature38 and weather;39 and (2) seasonal variation
in BP is related to hours of daylight40 and the availability of air
conditioning or heating.41 Seasonal variation in BP is thus attributable
to numerous complex factors. A more complex function, for example,
a sum of multiple trigonometric functions and trigonometric series,
might also express the seasonal variation in BP, although such
functions may obfuscate clinical meanings of the analysis.
In conclusion, we observed the highest and lowest home BPs in

mid-to-late January and mid-to-late July, respectively, among
hypertensive patients on antihypertensive pharmacotherapy who were
followed-up for a median of 5.7 years. The cosine curve model
appropriately predicted multiyear week-to-week seasonal home BP
variation. Age, BMI, sex, diabetes mellitus and drinking habits may
influence the maximum–minimum difference in seasonal home BP
variation. Summer–winter difference in home BP was essentially the
same every year, though marginally reduced, throughout the study
period under antihypertensive treatment. Although the impact of this
study has not been fully elucidated in clinical practice, we emphasize
that daily home BP measurements enable us to capture long-term
conditions, such as seasonal variation, in patients. Home BP should
therefore be carefully monitored, particularly in patients with
increased BP in winter, to mitigate cardiovascular risk. Ultimately,
seasonal variation should be studied in a large population of untreated
hypertensive patients or normotensive individuals, and we should
clarify whether seasonal variation in BP predicts prognosis and
whether it can be controlled by intervention.
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