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Home blood pressure variability on one occasion
is a novel factor associated with arterial stiffness
in patients with type 2 diabetes

Michiaki Fukui1, Emi Ushigome1, Muhei Tanaka1, Masahide Hamaguchi2, Toru Tanaka3, Haruhiko Atsuta4,
Masayoshi Ohnishi5, Yohei Oda6, Goji Hasegawa1 and Naoto Nakamura1

Recent studies have suggested that not only mean blood pressure but also variability in blood pressure might be related to

cardiovascular disease. The aim of this study was to investigate the association between home blood pressure variability on one

occasion and markers of arterial stiffness in patients with type 2 diabetes. We investigated the relationship between the s.d. of

clinic- or home-measured systolic blood pressure on one occasion and pulse wave velocity (PWV) in 332 patients with type 2

diabetes, and we evaluated whether the SD of clinic- or home-measured systolic blood pressure on one occasion was an

independent determinant of PWV by multivariate linear regression analysis, after adjustment for known risk factors for arterial

stiffness, including sex, age, duration of diabetes, body mass index, hemoglobin A1c, serum total cholesterol, triglycerides,

smoking status, drinking alcohol, presence of antihypertensive medication, average systolic blood pressure and heart rate. Age,

average morning home-measured systolic blood pressure, heart rate and PWV (r¼0.259, Po0.0001) were positively correlated

with the s.d. of morning home blood pressure on one occasion. Multiple regression analysis demonstrated that age, average

morning home-measured systolic blood pressure (P¼0.0019), heart rate and the s.d. of morning home-measured systolic blood

pressure on one occasion (P¼0.0159) were independently associated with PWV. In conclusion, home blood pressure variability

on one occasion was correlated with PWV, independent of other known risk factors, in Japanese patients with type 2 diabetes.
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INTRODUCTION

The purpose of long-term care for diabetic patients is to prevent the
development of diabetic complications. It is important to control
blood pressure, as well as to control blood glucose, for the prevention
of microvascular and macrovascular complications. Home-measured
blood pressure has been found to have a stronger relationship with
target organ damage than clinic-measured blood pressure in several
population-based studies and prospective clinical studies.1,2

Therefore, the utility of home blood pressure measurement has
been widely accepted, and the self-measurement of home blood
pressure has been widely performed in clinical practice for patients at
high risk for cardiovascular disease (CVD).
The Japanese Society of Hypertension guidelines recommend only

one home blood pressure measurement on one occasion,3 and the
European Society of Hypertension guidelines recommend two
consecutive home blood pressure measurements on one occasion.4

The American Heart Association guidelines recommend two to three
consecutive home blood pressure measurements on one occasion.5

However, the clinical significance of three consecutive home blood
pressure measurements has not yet been well defined.
Recent studies have suggested that not only mean home blood

pressure but also day-to-day variability in home blood pressure
measurements could be a simple method of providing useful clinical
information for assessing cardiovascular risk.6,7 It is evident that
blood pressure variations assessed over different time periods can
reflect the impact of different physiological factors.8 Increased short-
term blood pressure variability, including blood pressure variability
on one occasion, results from a depressed baroreflex function, which
is potentially associated with increased stiffness of the large arteries.9

Changes in respiration and rhythmic alterations in the central
autonomic drive, mediated by baroreflex mechanisms, are
important determinants of short-term blood pressure variability,
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including blood pressure variability on one occasion.10 We
hypothesized that home-measured blood pressure variability on one
occasion, as one measurement of short-term blood pressure
variability and calculated using three consecutive measurements,
would be correlated with arterial stiffness.
Arterial stiffness can be assessed simply, noninvasively and repro-

ducibly by measuring pulse wave velocity (PWV) along the thor-
acoabdominal aorta.11 PWV is a marker for both the severity of
vascular damage and prognosis in atherosclerotic vascular disease.12,13

Therefore, we evaluated the relationship between the variability of
clinic-measured and morning or evening home-measured systolic
blood pressure on one occasion, calculated by three consecutive
measurements, and a marker of arterial stiffness evaluated by PWV in
patients with type 2 diabetes. Furthermore, we also investigated the
association between day-to-day home-measured blood pressure
variability and PWV in this study, and we evaluated which was
more closely associated with PWV: home-measured blood pressure
variability on one occasion or day-to-day home-measured blood
pressure variability.

METHODS

Patients
Home-measured blood pressure measurements were obtained in patients with

type 2 diabetes who had regularly attended the diabetes outpatient clinic at the

Hospital of Kyoto Prefectural University of Medicine and at four other general

hospitals, as previously reported.14 A total of 954 patients with type 2 diabetes

agreed to participate in this study. First, 31 patients were excluded who

conducted home blood pressure measurements for fewer than four consecutive

days.15 We randomly measured PWV, and 567 patients were also excluded

whose data for PWV were not available because of the limited capacity to

perform PWV at every hospital. In addition, 10 patients who had advanced

renal dysfunction (serum creatinine X2.0mgdl�1) and 14 patients whose ABI

(ankle-brachial index) was o0.9516 were excluded from the analyses. Finally,

332 patients comprised the study population (175 men, 157 women),

including 74 at Kyoto Prefectural University of Medicine, 109 at Kyoto First

Red Cross Hospital, 6 at Kyoto Second Red Cross Hospital, 138 at Osaka

General Hospital of West Japan Railway Company and 5 at Social insurance

Kyoto Hospital.

Type 2 diabetes was diagnosed according to the Report of the Expert

Committee on the Diagnosis and Classification of Diabetes Mellitus.17

Retinopathy was assessed with the patient in a state of mydriasis by

ophthalmologists who were unaware of the data, and retinopathy was

graded as follows: no diabetic retinopathy; simple diabetic retinopathy; and

proliferative, including preproliferative, diabetic retinopathy. If the findings in

the left and right fundi were discordant, the worse side was taken as

representative for the subject.

Nephropathy was graded as follows: normoalbuminuria, urinary albumin

excretion o30mg per gram of creatinine (mg g�1 Cr); microalbuminuria,

30–300mgg�1 Cr; or macroalbuminuria, more than 300mgg�1 Cr. Neuro-

pathy was defined by the diagnostic criteria for diabetic neuropathy proposed

by the Diagnostic Neuropathy Study Group.18 In brief, in the absence of

peripheral neuropathies, diabetic neuropathy was diagnosed based on two or

more of the following: neuropathic symptoms, such as numbness, paresthesia

and neuropathic pain; decreased or absent ankle reflex (bilateral); and

decreased distal sensation. CVD was defined as a previous myocardial or

cerebral infarction, based on the clinical history or physical examination.

Subjects were classified as nonsmokers, past smokers or current smokers,

according to a self-administered questionnaire.

Study design
We designed a cross-sectional multicenter study in general hospitals located in

the Kansai area in Japan. Clinic-measured blood pressure variability was

defined as the s.d. of blood pressure, calculated by three consecutive

measurements on one occasion, and home-measured blood pressure variability

was defined as the s.d. of blood pressure, calculated by three consecutive

measurements, at home every morning or evening for 14 days. Day-to-day

home-measured systolic blood pressure variability was defined as the s.d. of

mean morning or evening blood pressure calculated by three consecutive

measurements for 14 days.

First, we investigated the relationship between the s.d. of clinic-measured

and morning or evening home-measured systolic blood pressure on one

occasion and PWV using linear regression analysis. Second, we compared the

s.d. of clinic-measured and morning or evening home-measured systolic blood

pressure on one occasion in various groups, including groups based on sex,

degree of diabetic retinopathy or nephropathy, smoking status, habit of

drinking alcohol, presence of diabetic neuropathy, CVD and antihypertensive

medication. Third, we evaluated whether the s.d. of clinic-measured and

morning or evening systolic blood pressure were independent determinants of

PWV by multivariate linear regression analysis after adjustment for the

following variables, which are known risk factors for arterial stiffness: sex,

age, duration of diabetes, body mass index, hemoglobin A1c, total cholesterol,

triglycerides, smoking status, alcohol consumption, antihypertensive medica-

tion, average systolic blood pressure and heart rate.

Finally, we investigated the relationship between the SD of morning home-

measured diastolic blood pressure on one occasion or morning home-

measured heart rate on one occasion and PWV. We compared the correlation

between the s.d. of morning home-measured systolic blood pressure on one

occasion and PWV in patients treated with and without antihypertensive

medication. In addition, we investigated the relationship between the s.d. of

morning home-measured systolic blood pressure at one occasion on day 1 and

PWV. We compared the correlation between the s.d. of morning home-

measured systolic blood pressure on one occasion and PWV when compared

at 5, 7 and 14 days of morning home blood pressure measurements.

Furthermore, we investigated the relationship between the s.d. of day-to-day

home-measured systolic blood pressure for 14 days and PWV by linear and

multiple regression analyses. This study was approved by the local research

ethics committee and was conducted in accordance with the Declaration of

Helsinki, and informed consent was obtained from all of the participants.

Data collection
Blood samples for biochemical measurements were obtained at the hospital.

Serum total cholesterol, triglycerides and high-density lipoprotein cholesterol

concentrations were assessed using standard enzymatic methods. Hemoglobi-

nA1c was assayed using high-performance liquid chromatography, with the

standard provided by the National Glycohemoglobin Standardization Program.

Urinary albumin excretion was measured with an immunoturbidimetric assay.

A mean value for urinary albumin excretion was determined from three urine

collections. Information, including age, duration of diabetes, smoking and

alcohol drinking status, was obtained at the time of the clinic blood pressure

measurement.

Home blood pressure measurements were self-measured using an automatic

memory-equipped device (HEM-70801C; Omron Healthcare Co. Ltd, Kyoto,

Japan) that uses the cuff-oscillometric method to generate a digital display of

heart rate and systolic/diastolic blood pressure value. The HEM-70801C

employs the identical components and blood pressure-determining algorithm

to those of another device, the HEM-705IT, which was previously validated

and satisfied the criteria of the British Hypertension Society protocol.19

The patients received written instructions and individual guidance on how

to self-measure their blood pressure in the clinic on one occasion in triplicate

and their morning and evening home blood pressure measurements on one

occasion in triplicate for 14 consecutive days. Clinic blood pressure was

measured using the same device as that used for home-measured blood

pressure. Three consecutive measurements were obtained on the non-

dominant arm at 15-s intervals after a 5-min rest in the sitting position under

the observation of expert nurses. The arm circumferences of the patients

ranged between 22 and 32 cm, so the standard arm cuff was able to be used for

blood pressure measurements in all of the patients. The measurements of

morning home blood pressure were obtained within 1 h of waking, before

breakfast or taking any drugs, with the patient seated and having rested for at

least 5min.3 The measurements of evening home blood pressure were obtained
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in a homologous manner, just before the patient went to bed. We calculated

the s.d. as an indicator of the variability of systolic blood pressure.

Measurement of PWV
Brachial-ankle PWV was measured using a Colin Waveform Analyzer (form

PWV/ABI/TBI; Colin Medical Technology, Komaki, Japan), which simulta-

neously measures pulse volumes in the brachial and posterior tibial or toe

arteries using an oscillometric method, together with bilateral arm and ankle

or toe blood pressure measurement. PWV was measured after allowing the

patient to rest in the supine position for at least 5min. Details of the method

have been described elsewhere.20 After bilateral determination of brachial-ankle

PWV, the higher value was taken as representative for each subject.

Statistical analysis
Means and frequencies of potential confounding variables were calculated.

Unpaired Student’s t-tests or one-way analysis of variance, followed by the

post-hoc test with Scheffe, were conducted to assess the statistical significance of

differences between groups, using Stat View software (version 5.0; SAS

Institute, Cary, NC, USA). The relationships between the s.d. of clinic-

measured and morning or evening home-measured systolic blood pressure on

one occasion and age, glycemic control, PWVor other variables were examined

by Pearson’s correlation analyses. To examine the effects of various factors on

PWV, the following factors were considered simultaneously as independent

variables for multiple regression analysis: sex (female¼ 0, male¼ 1), age,

duration of diabetes, body mass index, hemoglobinA1c, serum total choles-

terol, triglycerides, smoking status (none¼ 0, past¼ 1, current¼ 2), alcohol

consumption (none¼ 0, social¼ 1, everyday¼ 2), presence of antihypertensive

medication (angiotensin II receptor blocker and/or angiotensin-converting

enzyme inhibitor, calcium channel blocker, diuretics, a blocker or b blocker)

(no¼ 0, yes¼ 1), average systolic blood pressure, heart rate and s.d. as

measured in the clinic, and morning or evening home-measured systolic

blood pressure on one occasion. All continuous variables are presented as the

mean±s.d. A P-value o0.05 was considered statistically significant.

RESULTS

The clinical characteristics of the patients with type 2 diabetes are
shown in Table 1, and the relationships between the s.d. of clinic-
measured and morning or evening home-measured systolic blood
pressure on one occasion and other variables are shown in Table 2.
The average numbers of morning and evening home systolic blood
pressure measurements per patient over the 14-day study period were
39.3±6.4 and 37.3±8.0, respectively. Average clinic-measured systolic
blood pressure was positively correlated with the s.d. of clinic-
measured systolic blood pressure. Age, average morning home-
measured systolic blood pressure, heart rate and PWV were positively
correlated with the s.d. of morning home-measured systolic blood
pressure on one occasion, and age, average evening home-measured
systolic blood pressure and PWV were positively correlated with the
s.d. of evening home-measured systolic blood pressure on one
occasion.
The s.d. of morning home-measured systolic blood pressure on one

occasion was higher in patients with macroalbuminuria compared
with that of patients with normoalbuminuria (Table 3). The s.d. of
clinic-measured and morning or evening home-measured systolic
blood pressure on one occasion were not different according to sex,
degree of diabetic retinopathy, smoking or alcohol consumption, or
the presence of diabetic neuropathy, CVD or antihypertensive
medication. The s.d. of morning or evening home-measured systolic
blood pressure on one occasion was lower in patients treated with
a blockers than in patients treated without them, whereas the s.d. of
evening home-measured systolic blood pressure on one occasion was
higher in patients treated with b blockers than in patients treated
without them.

Multiple regression analysis demonstrated that age, a blocker use,
average clinic-measured systolic blood pressure and heart rate were
independently associated with PWV (Table 4). Age, average morning
home-measured systolic blood pressure, heart rate and the s.d. of

Table1 Clinical characteristics of patients with diabetes

n 332

Gender (male/female) 175/157

Age (years) 65.9±9.7

Duration of diabetes (years) 13.4±9.0

BMI (kgm�2) 23.8±3.6

Hemoglobin A1c (%) 7.3±1.1

Total cholesterol (mmol l�1) 5.02±0.83

Triglycerides (mmol l�1) 1.55±0.97

HDL cholesterol(mmol l�1) 1.45±0.41

Smoking (none/past/current) 179/83/70

Alcohol (never/social/everyday) 189/79/64

Retinopathy (NDR/SDR/PDR) 227/67/38

Nephropathy (normo-/micro-/macroalbuminuria) 194/109/29

Neuropathy (�/þ ) 215/117

Cardiovascular disease (�/þ ) 266/66

Current treatment (Diet/OHA/insulin) 42/214/76

Pulse wave velocity (cm sec�1) 1843±347

Clinic systolic blood pressure (mm Hg) 143±20

s.d. of three consecutive measurements at one occasion 5.0±3.3

Morning systolic blood pressure (mmHg) 138±18

s.d. of three consecutive measurements at one occasion 5.2±1.7

Evening systolic blood pressure (mmHg) 133±17

s.d. of three consecutive measurements at one occasion 4.8±1.5

s.d. of day-by-day morning systolic blood pressure 10.2±3.6

s.d. of day-by-day evening systolic blood pressure 10.7±3.8

Antihypertensive medication (�/þ ) 161/171

ARB and/or ACEI/CCB/diuretics/a blocker/b blocker 137/106/23/7/17

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor
blocker; CCB, calcium channel blocker; NDR, no diabetic retinopathy; OHA, oral hypoglycemic
agents; PDR, proliferative diabetic retinopathy; SDR, simple diabetic retinopathy.
Data are mean±s.d. or number of subjects.

Table 2 Correlation between variability (s.d.) of systolic blood

pressure and other variables

s.d. of clinic SBP s.d. of morning SBP s.d. of evening SBP

r P r P r P

Age 0.019 0.7384 0.138 0.0139 0.130 0.0215

Duration of

diabetes

�0.057 0.3150 0.022 0.6990 0.006 0.9222

Body mass

index

�0.092 0.0998 �0.096 0.0854 0.038 0.4933

Hemoglobin

A1c

0.036 0.5160 0.089 0.1101 0.018 0.7512

Creatinine �0.094 0.0939 �0.060 0.2851 0.029 0.6023

SBP 0.275 o0.0001 0.277 o 0.0001 0.200 0.0003

Heart rate �0.082 0.1444 0.111 0.0444 0.016 0.7777

Total

cholesterol

�0.032 0.5793 0.041 0.4673 0.040 0.4841

Triglycerides �0.070 0.2141 �0.049 0.3763 �0.007 0.8953

HDL

cholesterol

�0.045 0.4207 0.002 0.9746 0.077 0.1680

Pulse wave

velocity

0.103 0.0659 0.259 o 0.0001 0.216 o 0.0001

Abbreviations: HDL, high-density lipoprotein; SBP, systolic blood pressure.
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morning home-measured systolic blood pressure on one occasion
were independently associated with PWV. Age, body mass index,
average evening home-measured systolic blood pressure, heart rate
and the s.d. of evening home-measured systolic blood pressure on one
occasion were independently associated with PWV.
The average clinic-measured and morning and evening home-

measured diastolic blood pressure measurements were 78±12,
75±10 and 70±10mmHg, respectively, and the average clinic-
measured and morning and evening home-measured heart rates were
73±11, 68±9 and 73±10 beats per min, respectively. The s.d. of
morning-measured home diastolic blood pressure on one occasion
was positively correlated with PWV (r¼ 0.216, P¼ 0.0001); however,
the s.d. of morning home-measured diastolic blood pressure on one
occasion was not independently associated with PWV in multiple
regression analysis (b¼ 0.109, P¼ 0.0822). The s.d. of morning
home-measured heart rate at one occasion was not correlated with

PWV (r¼ 0.033, P¼ 0.5465). The correlation between the s.d. of
morning home-measured systolic blood pressure on one occasion and
PWV was similar between patients treated with (r¼ 0.214,
P¼ 0.0056) and without antihypertensive medication (r¼ 0.232,
P¼ 0.0030). The two regression lines in patients treated with or
without antihypertensive medication were not significantly different
(P¼ 0.59 by linear regression analysis using R). In addition, the s.d. of
morning home-measured systolic blood pressure on one occasion on
day 1 was significantly correlated with PWV (r¼ 0.174, P¼ 0.0018),
and the correlation between the s.d. of morning home-measured
systolic blood pressure on one occasion and PWV did not differ when
compared at 5 (r¼ 0.253, Po0.0001), 7 (r¼ 0.224, Po 0.0001) and
14 days (r¼ 0.259, Po 0.0001) of morning home blood pressure
measurements (P40.05 by linear regression analysis using R).
Furthermore, the s.d. of day-to-day morning (r¼ 0.169, P¼ 0.0024)
or evening (r¼ 0.177, P¼ 0.0015) home-measured systolic blood

Table 3 Comparison of variability (s.d.) of systolic blood pressure in various groups

s.d. of clinic SBP s.d. of morning SBP s.d. of evening SBPs

Gender (male/female) 4.8±0.2/5.1±0.3 5.1±0.1/5.3±0.1 4.8±0.1/4.8±0.1

Retinopathy (NDR/SDR/PDR) 5.0±0.2/4.6±0.4/5.6±0.7 5.2±0.1/5.4±0.3/5.1±0.3 4.9±0.1/4.8±0.2/4.7±0.2

Nephropathy (I/II/III) 5.0±0.2/4.8±0.3/5.2±0.8 5.1±0.1/5.3±0.2/6.0±0.4* 4.8±0.1/4.7±0.1/5.3±0.3

Neuropathy (�/þ ) 5.0±0.2/4.9±0.3 5.2±0.1/5.4±0.2 4.8±0.1/4.8±0.1

Smoking (none/past/current) 5.1±0.3/4.8±0.3/4.9±0.4 5.2±0.1/5.0±0.2/5.3±0.2 4.8±0.1/4.7±0.2/4.8±0.2

Alcohol (none/social/everyday) 4.8±0.3/5.2±0.4/5.0±0.4 5.2±0.1/5.5±0.2/5.0±0.2 4.7±0.1/5.0±0.2/4.8±0.2

Cardiovascular disease (�/þ ) 5.0±0.2/4.8±0.4 5.2±0.1/5.3±0.2 4.8±0.1/4.9±0.2

Antihypertensive medication (�/þ ) 4.8±0.3/5.1±0.3 5.2±0.1/5.3±0.1 4.8±0.1/4.9±0.1

ARB and/or ACEI (�/þ ) 4.8±0.2/5.2±0.3 5.1±0.1/5.4±0.1 4.8±0.1/4.9±0.1

Calcium channel blocker (�/þ ) 5.0±0.2/4.9±0.3 5.2±0.1/5.3±0.2 4.8±0.1/4.8±0.2

Diuretics (�/þ ) 4.9±0.2/5.7±0.7 5.2±0.1/5.0±0.4 4.8±0.1/4.6±0.3

a blocker (�/þ ) 5.0±0.2/4.2±1.0 5.3±0.1/3.9±0.4** 4.8±0.1/3.6±0.3**

b blocker (�/þ ) 5.0±0.2/4.4±0.6 5.2±0.1/5.5±0.5 4.8±0.1/5.6±0.4**

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; NDR, no diabetic retinopathy; PDR, proliferative diabetic retinopathy; SDR, simple diabetic
retinopathy.
Data are mean±s.e. Nephropathy (I/II/III) indicates nephropathy (normo-/micro-/macroalbuminuria).
*Po 0.05 vs. nephropathy I, **Po0.05.

Table 4 Multivariate linear regression analysis on pulse wave velocity

Clinic Morning Evening

B (95% CI) P B (95% CI) P B (95% CI) P

Gender �70.45 (�170.53 to 29.63) 0.1669 �75.76 (�174.44 to 22.91) 0.1317 �80.68 (�178.58 to 17.22) 0.1058

Age 7.01 (2.44 to 11.59) 0.0028 6.65 (2.07 to 11.22) 0.0046 6.90 (2.42 to 11.38) 0.0027

Duration of diabetes �0.14 (�4.82 to 4.53) 0.9525 0.31 (�4.27 to 4.89) 0.8937 0.01 (�4.56 to 4.57) 0.9982

Body mass index �10.04 (21.82 to 1.74) 0.0946 �6.79 (18.43 to 4.84) 0.2511 �11.72 (�23.23 to �0.21) 0.0459

Hemoglobin A1c 8.49 (36.25 to 53.23) 0.7089 �11.80 (55.61 to 32.02) 0.5964 �8.67 (�52.28 to 34.93) 0.6955

Total cholesterol �0.18 (1.57 to 1.20) 0.7961 �0.07 (�1.42 to 1.28) 0.9201 (�0.07 (�1.43 to 1.28) 0.9138

Triglycerides 0.00 (0.45 to 0.46) 0.9977 �0.03 (0.48 to 0.42) 0.9031 �0.02 (0.47 to 0.43) 0.9364

Smoking status 2.30 (55.35 to 59.96) 0.9374 �10.44 (67.18 to 46.30) 0.7174 �16.90 (73.30 to 39.51) 0.5557

Drinking alcohol 36.85 (18.23 to91.92) 0.1888 27.10 (27.21 to 81.41) 0.3266 33.10 (21.77 to 87.97) 0.2359

SBP 4.09 (1.99 to 6.19) 0.0002 3.74 (1.40 to 6.09) 0.0019 4.31 (1.86 to 6.76) 0.0006

Heart rate 4.17 (0.41 to 7.92) 0.0300 6.80 (2.15 to 11.45) 0.0044 5.88 (1.44 to 10.32) 0.0096

s.d. 0.01 (12.44 to 12.46) 0.9986 30.35 (5.73 to 54.97) 0.0159 36.41 (8.81 to 64.01) 0.0099

Abbreviations: B, unstandardized regression coefficient; CI, confidence interval; SBP, systolic blood pressure.
The following factors were considered simultaneously as independent variables for multiple regression analysis: gender (female¼0, male¼1), age, duration of diabetes, body mass index,
hemoglobin A1c, serum total cholesterol, triglycerides, smoking status (none¼0, past¼1, current¼2), drinking alcohol (none¼0, social¼1, everyday¼2), presence of antihypertensive
medication (angiotensin II receptor blocker and/or angiotensin-converting enzyme inhibitor, calcium channel blocker, diuretics, a blocker or b blocker) (no¼0, yes¼1), average systolic blood
pressure, heart rate and s.d. of clinic, morning or evening home systolic blood pressure at one occasion.
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pressure was significantly correlated with PWV. Multiple regression
analysis demonstrated that age, systolic blood pressure and heart rate
were independently associated with PWV (Supplementary Table S1);
however, the s.d. of day-to-day home-measured systolic blood
pressure was not.

DISCUSSION

In this study, we revealed that the variability of morning or evening
home-measured systolic blood pressure on one occasion was
significantly correlated with PWV independent of known risk factors
for arterial stiffness, including sex, age, duration of diabetes, body
mass index, hemoglobinA1c, serum total cholesterol, triglycerides,
smoking status, alcohol consumption, presence of antihypertensive
medication, average systolic blood pressure and heart rate. To our
knowledge, this is the first study indicating the positive correlation of
home blood pressure variability on one occasion with PWV as a
marker of arterial stiffness in patients with type 2 diabetes.
The Japanese Society of Hypertension guidelines recommend only

one home blood pressure measurement on one occasion,3 because it
is more convenient for subjects and results in good compliance and
good equivalence for comparison.21 The European Society of
Hypertension guidelines recommend two consecutive home blood
pressure measurements on one occasion.4 This recommendation is
based on the evidence that regression to the mean during consecutive
measurements on each occasion is frequently observed after long-
term monitoring.22 Moreover, the American Heart Association
guidelines recommend the two to three consecutive home blood
pressure measurements on one occasion.5 The optimal schedule for
home blood pressure measurements should be determined by its
relationship to cardiovascular risk and its ability to provide a reliable
and reproducible assessment for each individual. We adopted three
consecutive home blood pressure measurements on one occasion and
found that home-measured blood pressure variability on one occasion
was correlated with arterial stiffness. Therefore, we believe that three
consecutive measurements on one occasion would also be clinically
significant.
Recent studies have suggested that obtaining not only average

home-measured blood pressure but also the day-to-day variability in
home-measured blood pressure could be a simple method of
providing useful clinical information for assessing cardiovascular
risk.6,7 To our surprise, however, the s.d. of day-to-day home-
measured systolic blood pressure was not associated with PWV in
multiple regression analysis. Home-measured blood pressure
variability on one occasion was more strongly associated with
arterial stiffness than was the s.d. of day-to-day home-measured
systolic blood pressure.
Increased short-term blood pressure variability, including home-

measured blood pressure variability on one occasion, results from a
depressed baroreflex function, which is potentially associated with
increased stiffness of the large arteries.9 Changes in respiration and
rhythmic alterations in central autonomic drive, mediated by
baroreflex mechanisms, are important determinants of short-term
blood pressure variability, including blood pressure variability on one
occasion.10

The adverse effects of increased blood pressure variability are
possibly related to the greater traumatic effects of wider blood pressure
swings on the vessel walls, promoting early target organ damage.
Age, average systolic blood pressure and heart rate, which are risk

factors for increased stiffness of the large arteries, were correlated in
the present study with the s.d. of morning home-measured systolic
blood pressure on one occasion. Recent reports have identified the

factors associated with day-to-day variability in self-measured home
blood pressure.23,24 Variations in the patient’s activities, underlying
diseases such as hypertension and diabetes mellitus, and poor drug
compliance also affect the day-to-day variability of home-measured
systolic blood pressure.
We cannot explain the reason that the s.d. of morning or evening

home-measured systolic blood pressure on one occasion was lower
in patients treated with a blockers than in patients treated without
them, whereas the s.d. of evening home-measured systolic blood
pressure on one occasion was higher in patients treated with
b blockers than in patients treated without them. Possible explana-
tions for these results are that a blockers reduce autonomic nervous
system activation, which is one of the causes of greater variation
between measurements. As for b blockers, changes in peripheral
vascular resistance are perhaps the most likely explanation:
b blockers reduce arterial compliance by vasoconstriction. More-
over, Cahan et al.25 reported that lower heart rate was associated
with increased blood pressure variability during ambulatory blood
pressure monitoring, although their results were statistically
significant because the number of patients treated with a blockers
or b blockers was too small. Therefore, further studies would be
needed to clarify these observations.
It is known that antihypertensive medications can delay the

development of albuminuria or atherosclerosis in patients with
diabetes.26 Variability in systolic blood pressure can be affected by
antihypertensive medications, including angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers and
b blockers.27 However, in our study, variability in morning or
evening home-measured systolic blood pressure on one occasion
was independently associated with PWV, even after adjustment for
antihypertensive medications (angiotensin II receptor blockers and/
or angiotensin-converting enzyme inhibitors, calcium channel
blockers, diuretics, a blockers or b blockers).
The magnitude of correlation between the s.d. of morning or

evening home-measured systolic blood pressure on one occasion and
PWV was less than that between the average clinic-measured and
morning or evening home-measured systolic blood pressure and
PWV. However, the s.d. of morning or evening home-measured
systolic blood pressure on one occasion was associated with PWV,
even after adjustment for average morning or evening home-
measured blood pressure. This finding indicates that both the
variability of home-measured systolic blood pressure on one occasion
and average home-measured systolic blood pressure are indepen-
dently associated with arterial stiffness. The reasons for the relation-
ship between home-measured blood pressure variability on one
occasion and PWV and the lack of a relationship between the
variability in clinic-measured systolic blood pressure on one occasion
and PWV were not clearly determined by this study. Home blood
pressure measurement has been reported to be more reliable than
clinic measurement, because it offers better reproducibility.28 In
addition, home blood pressure measurement has been more
strongly associated with target organ damage and with offering
better prognostic value than clinic-measured blood pressure in
predicting mortality or cardiovascular events.1,2 Taken together, the
s.d. of morning or evening home-measured systolic blood pressure
could be a simple method of providing useful clinical information for
assessing arterial stiffness in addition to known risk factors, including
clinic-measured and morning or evening home-measured systolic
blood pressure.
This study has some limitations that require consideration. First,

the correlation between home-measured blood pressure variability on
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one occasion and PWV was weak, although it was statistically
significant. Second, poor patient compliance with antihypertensive
medication might have had a role in increasing blood pressure
variability via inadequate blood pressure control in medical practice.
However, the results were similar after patients taking antihyperten-
sive medication were excluded. Therefore, poorer compliance with
medication alone might not fully explain the larger variability in
blood pressure. Third, the patients measured their blood pressure
under relatively controlled conditions and received individual gui-
dance on how to perform the measurements correctly. However, it is
still possible that the measurement procedure could have affected
blood pressure variability. Fourth, although the latest home blood
pressure guideline29 recommends a 1-min interval between readings,
in the present study, we set the interval at 15 s30 to improve the
patients’ compliance with home blood pressure measurements. Fifth,
the patients self-measured clinic blood pressure on one occasion in
triplicate and morning and evening home blood pressure on one
occasion in triplicate for 14 consecutive days. Therefore, the s.d. of
clinic-measured systolic blood pressure was higher than that of
morning systolic blood pressure. However, the s.d. of morning
home-measured systolic blood pressure on one occasion on day 1
was also significantly correlated with PWV. Sixth, it is not clear
whether the correlation between the s.d. of clinic-measured systolic
blood pressure on one occasion and PWV in this study is applicable
to generally measured clinic blood pressure because we used self-
measured clinic blood pressure in this study. Finally, the cause-effect
relationship between home-measured blood pressure variability on
one occasion and PWV was not clearly determined, because this study
was cross-sectional. However, it was reported that in sinoaortic-
denervated rats (an experimental model of high variability of blood
pressure without hypertension), variability in blood pressure was a
more critical determinant than blood pressure level for cardiac
damage, renal lesions and aortic hypertrophy.31 Moreover, a
reduction in blood pressure variability, resulting from various
antihypertensive regimens in spontaneously hypertensive rats, was
shown to contribute significantly and independently to organ
protection.32,33

In general, we gave little attention to whether home blood pressure
variability on one occasion was associated with arterial stiffness.
In this context, it might be presumed that home blood pressure
variability on one occasion should be taken into consideration in the
treatment of patients with type 2 diabetes. In the future, we must
investigate what the optimal range is for the s.d. of morning home-
measured systolic blood pressure on one occasion, how to use this
measurement, how to reduce it and whether such a reduction will
improve prognosis.

CONCLUSIONS

Home blood pressure variability on one occasion was associated with
PWV, independent of other known risk factors for arterial stiffness, in
Japanese patients with type 2 diabetes. Large, prospective studies are
needed to confirm the variability in morning home-measured systolic
blood pressure on one occasion as an associated risk factor for arterial
stiffness in patients with type 2 diabetes.
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