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We investigated the associations between within-visit blood pressure variability (BPV) and risk factors for
cardiovascular disease (CVD). The study subjects included 17,795 people aged 40–74 years who underwent
health check-ups in Aichi Prefecture, Japan, and completed two blood pressure measurements. Subjects
were categorized into three groups according to the difference of systolic blood pressure (DSBP), namely,
low-BPV (#10 mmHg), moderate-BPV (11–20 mmHg), and high-BPV (.20 mmHg). Subjects were also
divided into three categories as those without prediabetes (glycosylated hemoglobin A1c [HbA1c] , 5.7%),
prediabetes (HbA1c 5.7–6.4%) and diabetes (HbA1c $ 6.5% or under treatment for diabetes). The
proportion of prediabetes and diabetes were significantly higher in subjects with high-BPV than in those
with low-BPV after adjusting for age, sex, and mean SBP (odds ratio [95% confidence interval] was 1.16
[1.01–1.33] for prediabetes and 1.33 [1.06–1.66] for diabetes). Other CVD risk factors were not associated
with high-BPV after the adjustment. In conclusion, increased within-visit BPV was significantly associated
with the prevalence of prediabetes and diabetes, independent of mean SBP, in a large general population.
Therefore, assessing BPV in a single visit may help to identify subjects at increased risk of impaired glycemic
control.

B
lood pressure variability (BPV) is now thought to be a risk factor for cardiovascular diseases (CVD)1,2.
Recent data suggest that BPV persisting across several clinic visits (i.e., long-term BPV) is associated with
stroke3,4, coronary heart disease, and all-cause mortality5. BPV measured over 24 h by ambulatory blood

pressure monitoring (ABPM) (i.e., short-term BPV) is also associated with CVD events6,7. However, few studies
have examined the importance of BPV measured during a single clinic visit (i.e., very-short-term BPV). Recent
studies have demonstrated that within-visit BPV is associated with metabolic syndrome score8, target organ
damage (left ventricular hypertrophy and albuminuria)9, and the risk of stroke3,4, but not with overall CVD or all-
cause mortality10,11. If it is associated with specific CVD risk factors, within-visit BPV could be a clinically useful
measure because it can be assessed in a single visit. Therefore, we sought to determine the associations between
within-visit BPV and common CVD risk factors.

Results
Overall, 312 821 subjects had complete data for CVD risk factors and had one or more BP measurement. We
excluded 115 461 subjects who were taking antihypertensive drugs and/or had a history of cerebrovascular or
cardiovascular diseases. We also excluded 188 487 subjects in whom only one value of blood pressure (BP) was
recorded. After excluding these subjects, 17 795 subjects (6 907 men and 10 888 women) were included in the
present analyses. There were no significant differences in the characteristics of subjects in whom BP was measured
multiple times or once (Table 1).

The characteristics of subjects according to the BPV categories are shown in Table 2. Compared with subjects
with low-BPV, those with high-BPV tended to be older, and had higher BP, glycemic levels, lipid levels, waist
circumference (WC), and body mass index (BMI). The prevalence of proteinuria was also higher in subjects with
high-BPV, which may be explained by the higher prevalence of diabetes. There was no difference in estimated
glomerular filtration rate (eGFR) or the proportions of male/female subjects.
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After adjusting for age, sex, mean systolic BP (SBP), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), triglycerides (TG), use of lipid-lowering medication,
WC, BMI, and current smoking, the prevalence of prediabetes and
diabetes were higher in subjects with high-BPV than those with low-
BPV (odds ratio [OR] 1.16, 95% confidence interval [CI] 1.00–1.33
for prediabetes; and OR 1.39, 95% CI 1.11–1.75 for diabetes). Other
CVD risk factors were not associated with high-BPV after adjusting
for age, sex, and mean SBP (Table 3).

As BPV is closely related to the mean SBP, the prevalence of
prediabetes/diabetes was compared in each mean SBP category.
The prevalence of prediabetes/diabetes were higher in subjects with
high-BPV compared to those with low-BPV in each mean SBP cat-

egory (34.4% vs. 32.5%, 43.8% vs. 36.1%, and 44.0% vs. 40.7% in
high-BPV vs. low-BPV for mean SBP of ,120, 120–139, and
$140 mm Hg, respectively). However, the difference was statist-
ically significant only in subjects with mean SBP of 120–140 mm
Hg after adjustment; the ORs were 1.00 (0.70–1.41), 1.34 (1.11–
1.63), and 1.12 (0.92–1.37) for mean SBP of ,120, 120–139, and
$140 mm Hg, respectively, after adjustment.

Discussion
In the present study, high within-visit BPV was significantly assoc-
iated with the prevalence of prediabetes and diabetes, independent of
mean SBP, in a large general population. Our results suggest that

Table 1 | Characteristics of subjects included and excluded from the study

Multiple BP measurement Single BP measurementa

N 5 17,795 N 5 188,487

Age (years) 61.7 6 8.4 63.1 6 8.7
Male 5239 (39.0%) 71,991 (38.2%)
Systolic BP, first-measure (mmHg) 127.5 6 19.8 127.9 6 17.8
Diastolic BP, first-measure (mmHg) 74.9 6 11.8 75.3 6 10.8
Hemoglobin A1cb (%) 5.63 6 0.57 5.60 6 0.57
Glucose-lowering medication 648 (3.6%) 7451 (4.0%)
HDL cholesterolc (mg/dl) 64.5 6 17.5 62.4 6 16.8
LDL cholesterolc (mg/dl) 132.8 6 32.3 131.6 6 32.0
Triglyceridesc (mg/dl) 103 (74–149) 104 (75–151)
Lipid-lowering medication 1931 (10.9%) 22,534 (12.0%)
Waist circumference (cm) 82.0 6 8.7 82.0 6 8.9
Body mass index 22.4 6 3.0 22.4 6 3.1
eGFRd (ml/min/1.73 m2) 81.1 6 17.5 77.5 6 15.6
Proteinurea 593 (3.3%) 8325 (4.5%)
Current smoker 2748 (15.4%) 29,836 (15.8%)

Abbreviations: BP, blood pressure; eGFR, estimated glomerular filtration rate. Data are number (%), mean 6 SD, or median (inter-quartile range).
aThese subjects were excluded due to the single measurement of blood pressure.
bExcludes subjects taking glucose-lowering drugs (n 5 17,147 and 181,036).
cExcludes subjects taking lipid-lowering drugs (n 5 15,861 and 165,953).
dIncludes subjects with data for eGFR (n 5 13,374 and 106,506).

Table 2 | Characteristics of study subjects according to the level of blood pressure variability (N 5 17,795)

Blood pressure variability

Low-BPV Moderate-BPV High-BPV

N 5 13,425 N 5 3272 N 5 1098

Age (years) 61.4 6 8.6 62.5 6 7.7 63.0 6 7.7
Male 5239 (39.0%) 1269 (38.8%) 399 (36.3%)
Systolic BP, first-measure (mmHg) 125.0 6 18.0 133.5 6 21.3 140.1 6 26.9
Systolic BP, second-measure (mmHg) 124.2 6 17.6 128.9 6 18.8 136.7 6 21.0
Diastolic BP, first-measure (mmHg) 73.7 6 11.1 77.5 6 12.4 81.7 6 13.8
Diastolic BP, second-measure (mmHg) 73.1 6 10.8 76.5 6 11.6 81.3 6 12.3
Hemoglobin A1ca (%) 5.63 6 0.57 5.64 6 0.54 5.72 6 0.69
Glucose-lowering medication 469 (3.5%) 120 (3.7%) 59 (5.4%)
HDL cholesterolb (mg/dl) 64.6 6 17.7 64.0 6 16.9 64.2 6 17.1
LDL cholesterolb (mg/dl) 131.9 6 32.2 135.0 6 32.3 137.7 6 33.2
Triglyceridesb (mg/dl) 103 (74–150) 106 (78–150) 112 (79–163)
Lipid-lowering medication 1464 (10.9%) 347 (10.6%) 120 (10.9%)
Waist circumference (cm) 81.8 6 8.7 82.2 6 8.6 83.3 6 9.4
Body mass index 22.3 6 3.0 22.4 6 3.0 22.8 6 3.3
eGFRc (ml/min/1.73 m2) 81.3 6 17.6 80.5 6 16.9 81.3 6 16.8
Proteinurea 422 (3.2%) 123 (3.8%) 48 (4.4%)
Current smoker 2125 (15.8%) 479 (14.6%) 144 (13.1%)

Abbreviations: BPV, blood pressure variability; BP, blood pressure;DSBP, maximum minus minimum systolic blood pressure; eGFR, estimated glomerular filtration rate. Data are number (%), mean 6 SD, or
median (inter quartile range). Low-BPV was defined as DSBP # 10 mmHg, moderate-BPV as DSBP 11–20 mmHg, and high-BPV as DSBP . 20 mmHg.
aExcludes subjects taking glucose-lowering drugs (n 5 17,147).
bExcludes subjects taking lipid-lowering drugs (n 5 15,861).
cIncludes subjects with data for eGFR (n 5 13,374).
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measuring BPV at a single visit may help to identify subjects at
increased risk of having impaired glycemic control.

Recent data suggest that BPV is a strong prognostic factor for
stroke, coronary heart disease, and all-cause mortality1–7. Several
methods are available to measure BPV; visit-to-visit BPV is an index
of long-term BPV, while 24-h BPV assessed by ABPM is an index of
short-term BPV1,2. Both of these measurements of BPV are useful for
assessing the risk of CVD3,12.

Within-visit BPV, an index of very-short-term BPV, is related to
autonomic cardiovascular modulation13, mental stress14, and arterial
stiffness15. However, few studies have evaluated the importance of
BPV measured in a single clinic visit. One study revealed that within-
visit BPV is associated with the risk of stroke3, but other studies found
no association between within-visit BPV and the risks of all-cause or
CVD mortality10,11. Different definitions of high-BPV might explain
this discrepancy. Of note, BPV was not associated with CVD risk in
studies where high-BPV was defined as the highest quintile or quart-
ile of BPV10,11. By contrast, Rothwell et al. defined high-BPV as the
highest decile of BPV3, and our cutoff point (20 mm Hg) is close to
the 95th percentile of BPV. Thus, the highest level of BPV might be
associated with the risk of CVD, which should be examined in future
studies.

The prevalence of prediabetes was associated with within-visit
BPV in this study. Previous studies have shown that subjects with
diabetes had greater 24-h BPV compared with non-diabetic sub-
jects16, and glycosylated hemoglobin A1c (HbA1c) was associated

with 24-h BPV in subjects with diabetic neuropathy17. A recent study
revealed that fasting plasma glucose was correlated with within-visit
BPV8, but the data were not adjusted for mean SBP. To the best of our
knowledge, our study was the first to show an association between
prediabetes and within-visit BPV and that the association was inde-
pendent of mean SBP in a large general population.

The mechanism underlying the association between prediabetes
and BPV is somewhat unclear, and needs to be considered. One
possible mechanism is endothelial injury caused by impaired glucose
tolerance18,19. BPV is related to abnormalities in endothelial and
vascular smooth muscle function, which suggests BPV may influence
the pathogenesis of CVD20. Another mechanism could be sympath-
etic overactivity and autonomic imbalance initiated by impaired
glucose tolerance18,21, and these changes may lead to impaired ability
to control BPV22,23, as circadian BP abnormality24. Further studies are
needed to confirm these findings and to better understand the under-
lying mechanisms.

Several limitations of this study should be mentioned. First, we
defined prediabetes and diabetes according to HbA1c rather than
fasting plasma glucose. HbA1c is an index of long-term glycemic
control, and can be used to define prediabetes and diabetes25.
Future studies should assess whether prediabetes defined according
to fasting plasma glucose is also associated with high-BPV. Second,
BPV was based on first and second measurements of BP. Although
the first BP measurement is often considered unreliable26, a recent
study suggested that the first BP measurement is related to CVD

Table 3 | Cardiovascular risk factors according to the level of blood pressure variability (N 5 17,795)

Blood pressure variability

Low-BPV Moderate-BPV High-BPV

N 5 13,425 N 5 3272 N 5 1098

n (%) ORa (95%CI) n (%) ORa (95%CI) n (%) ORa (95%CI)

Hemoglobin A1c
,5.7% 8,661 (64.5) 2,072 (63.3) 630 (57.4)
5.7–6.4% 3,830 (28.5) 1 (reference) 975 (29.8) 1.00 (0.92–1.10) 359 (32.7) 1.16 (1.00–1.33)
$6.5% 934 (7.0) 1 (reference) 225 (6.9) 0.95 (0.81–1.11) 109 (9.9) 1.39 (1.11–1.75)
or under treatment

HDL cholesterol
$40/50 mg/dl (M/F) 10,676 (79.5) 2,615 (79.9) 876 (79.9)
,40/50 mg/dl (M/F) 2,747 (20.5) 1 (reference) 657 (20.1) 0.93 (0.84–1.03) 221 (20.2) 0.87 (0.74–1.02)
or under treatment

LDL cholesterol
,160 mg/dl 9,800 (73.0) 2,304 (70.4) 755 (68.8)
$160 mg/dl 3,624 (27.0) 1 (reference) 968 (29.6) 1.07 (0.98–1.17) 343 (31.2) 1.06 (0.92–1.22)
or under treatment

Triglycerides
,150 mg/dl 9,009 (67.1) 2,210 (67.5) 700 (63.8)
150–199 mg/dl 1,493 (11.1) 1 (reference) 363 (11.1) 0.89 (0.79–1.02) 138 (12.6) 0.93 (0.76–1.14)
$200 mg/dl 2,923 (21.8) 1 (reference) 699 (21.4) 0.88 (0.80–0.97) 260 (23.7) 0.93 (0.79–1.08)
or under treatment

Waist circumference
,90/80 cm (M/F) 8,000 (59.6) 1,892 (57.8) 563 (51.3)
$90/80 cm (M/F) 5,424 (40.4) 1 (reference) 1,380 (42.2) 0.94 (0.86–1.02) 535 (48.7) 1.08 (0.93–1.24)

Body mass index
,23.0 8,274 (61.6) 1,957 (59.8) 609 (55.5)
23.0–27.4 4,453 (33.2) 1 (reference) 1,137 (34.8) 0.96 (0.88–1.04) 401 (36.5) 0.96 (0.84–1.11)
$27.5 698 (5.2) 1 (reference) 178 (5.4) 0.85 (0.71–1.03) 88 (8.0) 1.18 (0.90–1.53)

eGFR
$60 ml/min/1.73 m2 9,364 (92.7) 2,246 (92.4) 786 (93.9)
,60 ml/min/1.73 m2 741 (7.3) 1 (reference) 186 (7.7) 1.05 (0.89–1.25) 51 (6.1) 0.86 (0.63–1.16)

Abbreviations: BPV, blood pressure variability; BP, blood pressure; DSBP, maximum minus minimum systolic blood pressure; eGFR, estimated glomerular filtration rate. Low-BPV was defined as DSBP #

10 mmHg, moderate-BPV as DSBP 11–20 mmHg, and high-BPV as DSBP . 20 mmHg.
aAdjusted for age, sex, mean SBP, HDL cholesterol, LDL cholesterol, triglycerides, use of lipid-lowering medication, waist circumference, body mass index, and current smoking. The analyses of HDL
cholesterol, LDL cholesterol, and triglycerides were not adjusted for HDL cholesterol, LDL cholesterol, triglycerides, and use of lipid-lowering medication. The analyses of waist circumference and body mass
index were not adjusted for waist circumference and body mass index.
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risk8. Additionally, it can be an easy and useful measure if difference
of only two measurements of SBP reflects the risk of diabetes. Third,
although mean SBP was adjusted in this study, the strong relation-
ship between the mean SBP and BPV should be considered. The
association between BPV and impaired glycemic status was observed
strongly in subjects with prehypertensive range, but the association
was weak in subjects with normotension or hypertension, which
should be confirmed in another study. Fourth, selection bias should
be considered because BP was measured twice in just 9% of the
subjects who underwent health check-ups. However, there were no
significant differences in the first BP measurement or other clinical
factors between subjects who underwent one or multiple BP mea-
surements. Although the guideline of this program recommends
measurement of BP twice, single measurement of BP is also accepted,
and it depends on each facility. Fifth, considering the cross-sectional
design of this study, we could not determine the cause-effect rela-
tionship between BPV and prediabetes. Unfortunately, we lack the
data on heart rate variability which reflects antonomic dysfunction,
and there is no information about detailed glycemic status in the past.
Whether treating subjects with prediabetes and high-BPV can pre-
vent the progression to diabetes should be examined in longitudinal
studies.

In conclusion, we have demonstrated that high within-visit BPV
was significantly associated with the prevalence of prediabetes and
diabetes, independent of mean SBP, in a large general population.
Therefore, we consider that glycemic parameters should be moni-
tored in subjects with high-BPV. Because BPV can be assessed in a
single visit, it may be an easy and useful measure to identify subjects
at increased risk of impaired glycemic control.

Methods
Study population. The subjects were people who underwent specific health check-
ups and health guidance between April 2008 and March 2009 as part of the Tokutei-
Kenshin (Special Health Check-up) programme in Aichi Prefecture, Japan. This
programme was started by the Japanese government in 2008 to facilitate the early
diagnosis and interventions for metabolic syndrome27. The target population
comprises all Japanese citizens aged 40–74 years. The present study included subjects
with complete data for at least two SBP and diastolic BP (DBP) measurements in one
visit, and for the following CVD risk factors: HbA1c, HDL-C, LDL-C, TG, WC, and
BMI. The guideline recommends taking a rest of $5 min before taking the first BP
measurement and a rest of $1 min before taking the second BP measurement using
automated machines. The first and second measurement of BP were used for the
analysis because very few subjects had data on the third measurement of BP (n 5

269). Serum creatinine was measured in most of the subjects. According to the
program’s guidelines proposed by the Japanese government, the clinician could
measure either fasting plasma glucose or HbA1c as an index of glycemic control.
Therefore, fasting plasma glucose was unknown in most of the study subjects with
complete data for the other variables listed above.

All of the subjects completed a self-administered questionnaire to document their
current medications for hypertension, diabetes, and hyperlipidemia, history of
cardiovascular and cerebrovascular diseases, and smoking habits (current smoker or
not). BP measurement and blood and urine sampling were performed at the local
medical institutions. HbA1c values are presented as National Glycohemoglobin
Standardization Program (NGSP) values, which were calculated with the following
equation: HbA1c (NGSP, %) 5 1.02 3 HbA1c (Japan Diabetes Society, %) 1 0.25%.
Subjects currently taking antihypertensive drugs, and those with a history of cere-
brovascular or cardiovascular diseases reported in the self-administered question-
naire were excluded from the present analyses, because antihypertensive medication
influences BPV, and as the purpose of this study is to find the non-invasive methods
(e.g. BPV in a single visit) to identify subjects at increased risk for cerebrovascular or
cardiovascular diseases.

This study was conducted by the Aichi Chronic Kidney Disease Epidemiology
Conference with support from the Aichi Kidney Foundation. Written informed
consent was not required as only the existing information was used. This study was
conducted in accordance with the Ethical Guidelines for Epidemiological Research by
Japanese government. This study was approved by the Ethics Committee of Nagoya
University School of Medicine (approval number 679).

Definitions of BPV categories and CVD risk factors. As previous described8,9,
subjects were classified into 3 groups according to the maximum minus minimum
systolic BP (DSBP) value as low-BPV (DSBP # 10 mmHg) moderate-BPV (DSBP
11–20 mmHg), and high-BPV (DSBP . 20 mmHg). HbA1c was used as a marker of
glycemic status. Subjects were divided into those without prediabetes (HbA1c ,

5.7%), and those with prediabetes (HbA1c 5.7–6.4%) or diabetes (HbA1c $ 6.5% or

under treatment for diabetes)25,28. Low HDL-C was defined as HDL-C , 40 mg/dL in
men and ,50 mg/dL in women, or the use of lipid-lowering drugs. High LDL-C was
defined as LDL-C $ 160 mg/dL or the use of lipid-lowering drugs. Borderline-high
TG was defined as TG 150–199 mg/dL and high TG was defined as TG $ 200 mg/dL
or the use of lipid-lowering drugs29. Elevated WC was defined based on criteria for
Asians30 as WC $ 90 cm in men and $80 cm in women. Using criteria for Asians31,
overweight was defined as BMI 23.0–27.4 kg/m2 and obesity was defined as BMI $

27.5 kg/m2. The eGFR was calculated using the Japanese GFR equation32, as follows:
eGFR (mL/min/1.73 m2) 5 194 3 serum creatinine21.094 (mg/dL) 3 age20.287 (years)
(30.739 if female). Reduced eGFR was defined as eGFR , 60 mL/min/1.73 m2.

Statistical analyses. We compared the characteristics of subjects between those who
were included and those who were excluded from the study. We also compared the
characteristics of subjects among the groups of high-BPV, moderate-BPV, and low-
BPV. The prevalences of CVD risk factors in the high-BPV and moderate-BPV
groups were compared with the low-BPV group. ORs and 95% CI were calculated for
each CVD risk factor using unconditional logistic regression analysis adjusted for age
(as a continuous variable), sex, mean SBP, HDL-C, LDL-C, TG, use of lipid-lowering
medication, WC, BMI, and current smoking. HDL-C, LDL-C, TG, and use of lipid-
lowering medication were not included in the analyses of HDL-C, LDL-C, and TG.
WC and BMI were not included in the analyses of WC and BMI. Values of p , 0.05 in
adjusted models were considered statistically significant. All analyses were carried out
using STATA software version 9 (Stata Corp, College Station, TX, USA).
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