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Table 3 Relationship between blood pressure profiles and white matter

hyperintensity volumes

Mean £ 5D r P
Office BP
Systolic (mmHg) 133 +12 -0.052 0.69
Diastolic {mmHg) 77 +8 -0.022 0.86
HR (b.p.m.) 72+11 0.121 0.36
ABPM
All-day
Systolic (mmHg) 130+ 11 0.241 0.071
Diastolic (mmHg) 75%7 0.074 0.58
HR (b.p.m.) 66+8 -0.096 0.49
Day-time
Systolic {mmHg) 132 +11 0.181 0.17
Diastolic (mmHg) 78 £7 0.039 0.77
HR (b.p.m.) 68+9 -0.082 0.54
Night-time
Systolic (mmHg) 121+ 14 0.328 0.013
Diastolic (mmHg) 69+9 0.171 0.2
HR (b.p.m.) 72+ 11 0.015 0.91
Night-time/daytime systolic BP ratio 0.91+0.8 0.251 0.06

ABPM, ambulatory blood pressure monitoring; BP, blood pressure; HR, heart rate.

no significant difference observed for age, sex and BML
Similar results were found for patients with concurrent
diabetes, and there was no difference in hemoglobin
Alc observed. Concurrent dyslipidemia tended to be
common among patients in the group with higher
night-time systolic BP; however, there was no statistical
difference, and no significant difference was observed in
intima media thickness, ankle brachial index, brachial-
ankle pulse wave velocity, low-density lipoprotein cho-
lesterol, high-density lipoprotein cholesterol and
triglyceride. With regard to office BP and heart rate,
there was no significant difference observed. Further-
more, the dipper type of circadian BP variation was
significantly common in the group with lower night-
time systolic BP. A comparison of WMH volume
showed a significantly higher volume in the group with
high mean night-time systolic BP (9.0+8.4mL uvs
4.1 £4.3 mL, P = 0.015), which we found was primarily
attributed to elevated PVH volumes (Fig. 1).

Furthermore, to assess the effect of circadian BP
variation, WMH volumes of the dipper and non-dipper
group were evaluated. In the group with lower night-
time systolic BP, WMH volumes were similar in the
dipper and non-dipper group (4.1£4.0mL s
4.1+4.7 mL, P =0.99). In the group with higher night-
time systolic BP, there was a tendency of increasing
WMH volumes in the non-dipper group, but there was
no statistical difference (6.4 + 8.3 mL vs 9.7 + 8.6 mL,
P=0.14).
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Discussion

The major findings of the present study were that mean
night-time systolic BP positively correlated to WMH
volumes, and that office BP showed no correlation with
WMH volume.

Many studies have shown that circadian BP variation
rather than night-time BP is an exacerbating factor of
WMH."® In the results of the present study, dipper-
type circadian variation was significantly common in the
group with lower night-time BP. In contrast, mean
night-time systolic BP was more significantly related to
WMH volume than circadian BP variation, and it is
assumed that insufficient nocturnal BP decrease might
be one major factor that exacerbates WMH. In a recent
study, the importance of nocturnal BP has been shown,
as it has been reported that high nocturnal BP is asso-
ciated with an increase in all-cause mortality and car-.
diovascular events,® as well as the onset of chronic
kidney disease.® Such reports support the present
results. We believe that decreasing nocturnal BP is an
important part of controlling WMH.

Unfortunately, the nature of the association between
lowering nocturnal BP and cerebral blood flow (CBF) is
not known. In hypertension, arteriosclerotic changes in
the cerebral blood vessels lead to functional alternations
in the cerebral microcirculations and limit the autoregu-
lation of CBF through various mechanisms. It has been
reported that adequate nocturnal BP decrease was
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Table 4 Two-group comparison based on night-time systolic blood

pressure
Parameters NBP <125 (n=47) NBP=>125(n=37) P
Age (years) 69.7+£3.6 69.8+3.6 0.96
Male (%) 24 (51.1%) 16 (43.2%) 0.47
Height (cm) 159.4 £ 8.4 1559+74 0.098
Bodyweight (kg) 60.0+10.1 57.2+10.6 0.31
BMI (kg/m?) 23.5+34 233+34 0.82
Diabetes 7 (14.9%) 7 (18.9%) 0.62
Lipidemia 14 (29.8%) 17 (45.9%) 0.12
Office BP

Systolic (mmHg) 133.7+12.2 132.0+12.4 0.61

Diastolic (mmHg) 78.3+6.5 75.8+9.9 0.24

HR (b.p.m.) 72.4+12.5 71.2£8.5 0.68
Dipper (%) 30 (63.8) 8 (21.6) 0.0002
IMT (mm) 0.66+0.02 0.71£0.03 0.13
ABI 1.14+0.22 1.14+£0.07 0.81
baPWV (cmy/s) 1726 £273 1858 £ 265 0.07
UA (mg/dL) 54+1.1 5.7+1.8 0.45
BUN (mg/dL) 16.7+3.8 16.1+5.7 0.62
Cr (mg/dL) 0.82+0.18 0.78 £0.22 0.53
LDL (mg/dL) 113+ 18 111+31 0.81
HDL (mg/dL) 54+13 5712 0.41
TG (mg/dL) 150 £153 116 £49 0.24
glucose (mg/dL) 119 £33 116 +28 0.69
HbAlc (%) 6.0£0.5 6.1£0.7 0.64

ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity; BMI, body
mass index; BP, blood pressure; Cr, creatinine; HbAlc, hemoglobin Alc; HDL,
high-density lipoprotein cholesterol; HR, heart rate; IMT, intima media thickness;
LDL, low-density lipoprotein cholesterol; TG, triglyceride; UA, uric acid; UN, urea

nitrogen.
WMH PVH DWMH
20 16 35
18 ¢ 14 3.
i P=0.015 1 P=0.016 as NS
14 5
2 = T2
é lg ] E : é 1.5 «
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Figure 1 The relationship between night-time mean systolic blood pressure and white matter hyperintensity (WMH) volumes.
WMH volume was significantly greater in the group with night-time systolic blood pressure (NBP) 2125 mmHg than that in the
<125 mmHg group, primarily attributed to elevated periventricular hyperintensity (PVH) volumes. DWMH, deep white matter

hyperintensity; NS, not significant.

associated with increased CBF in patients with a history
of cerebral infarction.”” Non-dipping of nocturnal BP is
associated with increased levels of markers of endothe-
lial dysfunction and inflammation.® Taken together,
nocturnal BP might be linked to CBF regulation, and
lowering nocturnal might may have a favorable impact
on cerebral circulation.

© 2015 Japan Geriatrics Society

To date, no studies have investigated whether lower-
ing nocturnal BP inhibits the progression of WMH. In
contrast, very few studies have examined whether
the administration of antihypertensive agents prevents
the progression of WMH. In the MRI substudy of the
PROGRESS trial, 192 patients were given a perindopril-
based treatment, as an angiotensin-converting enzyme
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inhibitor, with the diuretic indapamide or a placebo.*
After follow up for 36 months, the volume of new
WMH was lower in the treatment group compared with
the placebo group. Systolic BP had decreased by a mean
of 11.2mmHg, and diastolic BP had decreased
4.3 mmHg in the treatment group compared with the
placebo group. In the Prevention Regimen for Effec-
tively Avoiding Second Stroke study, 771 patients were
given antiplatelet agents after cerebral infarction and
followed up for approximately 28 months. The patients
were divided into a group given additional telmisartan,
an angiotensin II receptor blocker, and a group given an
additional placebo. There was no significant difference
observed in WMH progression between the two
groups.” Mean BP was just 3.0/1.3 mmHg lower in the
treatment group compared with the placebo group. At
the present stage, it has been shown that aggressive
antihypertensive treatment only inhibits WMH progres-
sion. However, both studies evaluated office BP only,
and we believe that in the future, BP should be strictly
controlled using ABPM to investigate changes in
WMH.

Here, we would like to re-emphasize the importance
of controlling BP using ABPM as an indicator to control
WMH. In the present results, there was no correlation
observed between office BP and WMH volume. This is
because of the fact that all patients were receiving anti-
hypertensive treatment, and thus in most cases the
office BP was well controlled. Therefore, even if the
office BP is controlled well, WMH can progress in
the event of nocturnal hypertension, or non-dipper type
circadian BP variation. Many studies to date have shown
that ABPM is a prognostic factor for cardiac, renal, and
cerebral disease in middle aged and older people with
hypertension.® A recent study showed that for elderly
individuals, BP measurements obtained by ABPM
rather than office BP are a predictive factor of cerebro-
vascular disease and cognitive decline.”” Another impor-
tant point of measuring night-time BP with ABPM is the
superior reproducibility compared with other time
periods. BP is more variable during the day than during
the night because of physical and mental activity.
Therefore, we believe that management of WMH
should be carried out using ABPM.

The present study had some limitations. First, the
details of antihypertensive treatment were an issue. To
be specific, many different antihypertensive agents were
given, and the number of agents given varied. As the
present study was a relatively small-scale cross-sectional
study, the effect of each antihypertensive agent could
not be examined.

Second, metabolic diseases (diabetes and
dyslipidemia) were included. However, as there were no
correlations between WMH volume and values for
hemoglobin Alc, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol and triglyceride,
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we believe that they did not affect the results of our
study.

The present study showed that elevated mean night-
time systolic blood pressure was a major risk factor for
the development and exacerbation of WMH. To prevent
the progression of WMH, management by office BP
alone is insufficient, and we recommend controlling BP
on the basis of ABPM. Further studies are required to
determine whether lowering nocturnal blood pressure
should be targeted to prevent the progression of WMH.
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