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Visit-to-visit variability in blood pressure over a
1-year period is a marker of left ventricular diastolic
dysfunction in treated hypertensive patients

Hisashi Masugatal, Shoichi Sendal, Koji Murao?, Michio Inukai!, Naohisa Hosomi?, Yasuyoshi Iwado?,
Takahisa Noma?, Masakazu Kohno?, Takashi Himoto! and Fuminori Goda!

Although visit-to-visit variability in systolic blood pressure (SBP) has recently been demonstrated to be a strong predictor of
stroke, there are no data about relationships between SBP variability and cardiac damage in hypertensive patients. We compared
relationships between visit-to-visit variability in SBP and left ventricular (LV) diastolic dysfunction with the relationships between
the mean SBP value and cardiac parameters in treated patients. Forty treated hypertensive patients (69 + 9 years of age) had
their blood pressure measured at outpatient clinics every 1 or 2 months over a 1-year period. The standard deviation (s.d.)

of SBP and the difference between the maximum and minimum SBPs during this year were calculated to assess visit-to-visit
variability. The mean SBP during the year was also calculated. LV diastolic function was assessed by the ratio (E/A) of early

(E) and late (A) diastolic transmitral flows, early diastolic mitral annular velocity (e’) and the ratio (E/e’) of E to e’ using Doppler
echocardiography. E/A only correlated with the s.d. of SBP (r=—0.327, P=0.040), whereas e’ correlated with s.d. of SBP
(r=—0.496, P=0.001) and maximum-minimum SBP difference (r=—0.490, P=0.001). E/e’ correlated with s.d. of SBP
(r=0.384, P=0.014), maximum-minimum SBP difference (r=0.410, P=0.009), and the mean value of SBP (r=0.349,
P=0.028). Multiple regression analysis demonstrated only the maximum-minimum SBP difference independently associated
with E/e’ (=0.410, P=0.009). Thus, the visit-to-visit variability of SBP showed better correlation with LV diastolic dysfunction
than mean values of SBP. High visit-to-visit variability of SBP was associated with LV diastolic dysfunction and may constitute a

high risk for diastolic heart failure in hypertensive patients.
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INTRODUCTION
Left ventricular (LV) hypertrophy and diastolic dysfunction are
commonly observed in hypertensive patients"> and are risk factors
of chronic heart failure due to LV diastolic dysfunction.>® Patients
with chronic heart failure due to LV diastolic dysfunction have
apparent preservation of systolic function, defined by an ejection
fraction >50%.” Such patients are typically obese females, and they
often have a history of chronic hypertension and LV hypertrophy. One
of the important characteristics of heart failure due to LV diastolic
dysfunction is that it is often observed in elderly hypertensive
patients.” This is likely because arterial stiffening due to aging or
hypertension leads to LV hypertrophy or LV interstitial fibrosis,
thereby producing LV diastolic dysfunction.!%!!

Seasonal variation in arterial blood pressures has been demon-
strated;'271° blood pressures are higher in the winter than in the

summer. Studies in older adults?>?! have shown that a 10-mm Hg rise
in systolic blood pressure (SBP) is associated with an approximately
10% increase in the risk of death from stroke and ischemic heart
disease. Visit-to-visit variability in SBP (standard deviation (s.d.)
of SBP) has recently been demonstrated to be a strong predictor
of stroke, independent of the mean value of SBP.22:23 However, there
are no data about relationships between SBP variability and cardiac
damage in hypertensive patients.

We hypothesized that visit-to-visit SBP variability over a 1-year
period may reflect cardiac damage, such as LV hypertrophy and
diastolic dysfunction, better than the mean value of SBP during the
same period. We also hypothesized that visit-to-visit SBP variability
has a stronger correlation with LV hypertrophy and diastolic dysfunc-
tion, thereby more reliably reflecting cardiac damage than does mean
SBP. In the present study, we examined the associations between two
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parameters of visit-to-visit SBP variability over a 1-year period and LV
hypertrophy and diastolic dysfunction in treated hypertensive patients.
These associations were compared with those of mean SBP.

METHODS

Subjects and protocol

The study subjects were 40 patients (19 male, 21 female; mean age 69 =9 years,
range 50-83 years) who had been diagnosed with hypertension at Kagawa
University Hospital and who had regularly visited the outpatient clinic from
September 2009 through September 2010. Hypertension was defined as SBP
>140 mm Hg and/or diastolic blood pressure (DBP) >90 mm Hg. Blood pres-
sure was determined using the conventional cuff method. All patients were treated
with at least one antihypertensive drug. For at least 1 year before their enrollment
in this study, the antihypertensive drugs did not change for any patients.
In addition, the antihypertensive drugs did not change for any patients over
the 1-year observation period for obtaining blood pressure data. Patients with a
history of heart failure or obvious heart disease were excluded. None of the
patients had a history of atherosclerotic cardiovascular disease or stroke. Blood
pressure was measured at an outpatient clinic every 1 or 2 months over the 1-year
observation period for each patient. This study started the observation of blood
pressure at September. At the end of the 1-year observation period, echocardio-
graphic examinations were performed to assess cardiac structural changes and
cardiac function. Thus, the echocardiography was performed at September in all
patients. Arterial stiffness was assessed by measuring cardio-ankle vascular index
(CAVI) just after the echocardiographic examination. In addition, blood samples
were taken in the morning after an 8-h overnight fast. Plasma total cholesterol,
triglyceride, high-density lipoprotein cholesterol, serum albumin, serum creatinine
and hemoglobin were measured by standard laboratory techniques. Patients with
renal dysfunction whose serum creatinine levels were > 1.2 mgdl~! were excluded
from the present study. The relationships between echocardiographic parameters
and various clinical characteristics, including blood pressure, CAVI and laboratory
data, were analyzed. This protocol was approved by the Ethics Committee of
Kagawa University, and informed consent was obtained from all participants.

Echocardiographic examination

Two-dimensional and M-mode echocardiographies were performed using the
Vivid Seven System (GE Healthcare; Horten, Norway). We first measured the
following LV structural parameters at the chordae tendineae level by M-mode
echocardiography: ventricular septal thickness (VS), LV end-diastolic dimen-
sion (LVDd) and LV end-systolic dimension (LVDs) and LV posterior wall
(PW) thickness. The LV mass was calculated according to the American Society
of Echocardiography convention?* using the following formula: LV
mass=0.80% 1.04x (PW+VS+LVDd)’—(LVDd)?)+0.6. The LV mass index
(LVMI) was calculated as the LV mass divided by the body surface area. The
LV ejection fraction was estimated by Teichholz’s method®® and was used as the
parameter of LV systolic function.

We next measured the parameters of LV diastolic function by recording the
transmitral flow velocity using conventional Doppler echocardiography, which
measures blood flow velocities in the cardiac cavity.%?” The transmitral flow
velocity was recorded from the apical transducer position with the sample
volume situated between the mitral leaflet tips. The peak velocity of early
transmitral flow velocity (E velocity) and the peak velocity of late transmitral
flow velocity (A velocity) were recorded, and the E/A ratio was calculated as a
parameter of LV diastolic function.

In addition, tissue Doppler echocardiography, which measures the velocities
of the regional cardiac wall, was performed by activating the tissue Doppler
echocardiographic function in the same machine. Mitral annular velocities
were recorded from the apical window. Sample volumes were located at the
septal site of the mitral annulus. Peak early diastolic mitral annular velocity (e”)
and the ratio of E velocity to €’ velocity (E/e”) were measured and analyzed as
parameters of LV diastolic function.?®2°

Assessment of arterial stiffness by measuring cardio-ankle vascular
index

CAVI was measured using an automatic vascular screening system (VaseraVs-
1000; Fukuda Densi, Tokyo, Japan) with the patient resting in a supine
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position. Pulse wave velocity (PWV) was obtained by dividing the vascular
length by the time it took for the pulse wave to propagate from the aortic valve
to the ankle. SBP and DBP were measured at the brachial artery. The formula
used to calculate CAVI is as follows: CAVI=a((2p/AP)xIn (SBP/DBP)
PWV?)+b, where AP is SBP-DBP, p is blood density and a and b are scale-
conversion constants to match aortic PWV. The principle underlying CAVI has
been described previously.?® The equation is derived from Bramwell-Hill’s
equation and the stiffness parameter f, and CAVI was adjusted for blood
pressure, based on the stiffness parameter f. Therefore, CAVI reflects the
stiffness of the aorta, femoral artery and tibial artery as a whole; theoretically, it
is not affected by blood pressure. All these measurements and calculations were
performed using a VaSera VS-1000 (Fukuda Densi). Electrocardiogram elec-
trodes were placed on both wrists, a microphone for detecting heart sounds was
placed on the sternum, and cuffs were wrapped around both arms and both
ankles. After automatic measurements, the right and left CAVI values were
calculated, and the averages of these values were used for analysis.

Statistical analysis

Data are expressed as means * s.d. Statistical analysis was performed using the
SPSS software package (SPSS, Chicago, IL, USA). The parametric distribution
of the variables was analyzed using the Kolmogorov—Smirnov test. Comparison
between the groups was made using the Mann—Whitney test for data with non-
normal distribution. For the comparison of monthly mean values of SBP
obtained from all subjects over the months, one-way repeated analysis of
variance was used. Correlations among echocardiographic parameters, blood
pressure and other variables were assessed by univariate analyses. Subsequently,
using factors deemed significant in the univariate analyses, stepwise multiple
regression analysis was performed to select factors independently associated
with parameters of LV diastolic function. Values of P<0.05 were considered
statistically significant.

RESULTS

Clinical and echocardiographic characteristics of subjects

The clinical and echocardiographic parameters of the study subjects are
summarized in Table 1. The mean values of SBP (129 + 12 mm Hg) and
DBP (70 £ 9 mmHg) over the 1-year observation period in all subjects
was not particularly high because all patients’ blood pressures were
appropriately controlled by medication. The high mean value of CAVI
(9.0 £ 1.5) indicated the presence of arterial stiffening in the subjects as a
whole. The mean LV ejection fraction was 71+ 7%; all patients had
normal systolic function (LV ejection fraction >55%). The elevated mean
LVMI (114 + 26 gm~2) indicated the presence of LV hypertrophy in the
subjects as a whole. In addition, the decreased mean E/A (0.78 £ 0.18),
decreased ¢ (5.6+1.4cms™!) and increased E/e’ (10.6 = 3.0) indicated
LV diastolic dysfunction accompanying the LV hypertrophy.

Visit-to-visit variability in SBP over the 1-year observation

The visit-to-visit variability in SBP over the 1-year observation in all
subjects is shown in Figure 1. As the SBP increased in the winter and
decreased in the summer, this visit-to-visit variability in SBP indicated
the seasonal variation of SBP. The highest level of SBP was observed in
November, and the lowest level of SBP was observed in August. The
monthly average SBP of the subjects in November was statistically
higher than the value obtained in August (P=0.044). The s.d. of SBP
(11 £ 5mm Hg) and maximum-minimum SBP (31 + 16 mm Hg) over
the 1l-year observation in all subjects indicated the presence of
considerably large visit-to-visit SBP variability (Table 1). The highest
DBP level (75 + 11 mm Hg) was observed in November, and the lowest
DBP (67 + 10 mm Hg) was observed in July. The highest level of pulse
pressure (66 =17 mm Hg) was observed in October, and the lowest
level of pulse pressure (55* 13 mm Hg) was observed in September.
However, the seasonal variations in DBP and pulse pressure were not
statistically significant.

847
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Table 1 Clinical and echocardiographic characteristics of the
subjects

Number (male/female) 40 (19/21)
Age (years) 6919
BMI (kgm~2) 24.3+3.7
Total cholesterol (mgdi—1) 192+27
HDL cholesterol (mgdl—1) 53+13
Triglyceride (mgdI—1) 136+91
Serum albumin (gdI~1) 4.2+0.3
Serum creatinin (mgdi—1) 0.75+0.21
Hb (gdi-1) 13.1+1.4
Drug administration
ARB (%) 73
CCB (%) 75
a-Blocker (%) 3
B-Blocker (%) 20
Diuretic (%) 18

Mean values of blood pressure and heart rate during 1-year observation

Mean value of SBP (mm Hg) 129+12

Mean value of DBP (mm Hg) 709

Mean value of HR (beats per min) 68+9
Visit-to-visit variability of SBP during 1-year observation

s.d. of SBP (mmHg) 11+5

Maximum-minimum SBP (mm Hg) 31+16
CAVI 9.0t1.5
LV structure

LVMI (gm—2) 114+26
LV systolic function

LVEF (%) 7117
LV diastolic function

E/A 0.78+0.18

e’cms1) 56+1.4

E/e’ 10.6£3.0

Abbreviations: €’, peak early diastolic mitral annular velocity; A, peak late diastolic transmitral
flow; ARB, angiotensin Il receptor blocker; BMI, body mass index; CAVI, cardio-ankle vascular
index; CCB, calcium channel blocker; DBP, diastolic brachial blood pressure; Hb, hemoglobin;
HDL, high-density lipoprotein; HR, heart rate; E, peak early diastolic transmitral flow; E/A, the
ratio of E to A; E/e’, the ratio of E to e’; LV, left ventricular; LVEF, left ventricular ejection
fraction; LVMI, left ventricular mass index; SBP, systolic brachial blood pressure; s.d., standard
deviation.

Association of blood pressure variation parameters and mean
values of blood pressure with CAVI over the 1-year observation
Linear regression analysis was performed to examine the relation-
ship of blood pressure variation parameters and mean values of
blood pressure with CAVT in all subjects over the 1-year observation
(Table 2). The two parameters of visit-to-visit variability of SBP (s.d.
of SBP and maximum-minimum SBP difference) closely correlated
with each other (r=0.958, P<0.001). Both the s.d. of SBP and the
maximum-minimum SBP difference showed weak correlations with
the mean value of SBP (r=0.353, P=0.025 and r=0.390, P=0.013,
respectively). CAVI did not show statistically significant correlations
with mean values of blood pressure and visit-to-visit variability of SBP
over the 1-year observation.

Comparison of visit-to-visit SBP variability parameters and mean
SBP over the 1-year observation, in terms of their correlation with
LV diastolic function

Linear regression analysis was performed to examine the relationships
between parameters of visit-to-visit SBP variability, mean value of SBP

Hypertension Research

160

150 1

140 4

130 +

Systolic blood pressure (mmHg)

120 +

110

1 2 3 4 5 6 7 8 9
Month

10 11 12

Figure 1 Visit-to-visit variability in systolic blood pressure (SBP) over a
1-year observation, for all subjects. The SBP increased in the winter and
decreased in the summer. The highest level of SBP was observed in
November, and the lowest level was observed in August. The monthly mean
value of SBP of the subjects in November was statistically higher than the
value obtained in August (P=0.044). *P<0.05 vs. August.

Table 2 Correlations between blood pressure variability, mean values
of blood pressure during 1-year observation, and CAVI

SD of SBP Max-min SBP difference CAVI

Variable r r r
Mean values of blood pressure and heart rate during 1-year observation

Mean value of SBP 0.353* 0.390* 0.227

Mean value of DBP 0.147 0.200 -0.206

Mean value of HR 0.285 0.238 -0.026
Visit-to-visit variability of SBP during 1-year observation

SD of SBP — 0.958*** 0.304

Max-min SBP difference 0.958*** — 0.303

Abbreviations: DBP, diastolic brachial blood pressure; HR, heart rate; Max-min, maximum-—
minimum; s.d., standard deviation; SBP, systolic brachial blood pressure.
*P<0.05, ***P<0.001.

over the 1-year observation, and echocardiographic parameters in
all subjects (Table 3). Among the blood pressure variables, only
maximum-—minimum SBP showed a significant correlation (r=0.319,
P=0.045) with LVMI, which is a parameter of LV hypertrophy,
although the correlation was weak. Regarding parameters of LV
diastolic function, both parameters of visit-to-visit SBP variability
over the 1-year observation correlated with the parameters of LV
diastolic function. However, parameters of mean values of blood
pressure during the 1-year observation did not have a good correlation
with parameters of LV diastolic function. The mean SBP correlated
only with E/e’ (r=0.349, P=0.028). In contrast, parameters of visit-to-
visit SBP variability showed good correlations with the parameters
of LV diastolic function. The s.d. of SBP was associated with E/A
(r=—0.327, P=0.040), ¢’ (r=—0.496, P=0.001) and E/¢’ (r=0.384,
P=0.014). In addition, the maximum-minimum SBP difference was
associated with e’ (r=—0.490, P=0.001) and E/e’ (r=0.410, P=0.009).



Table 3 Comparison of the correlations with parameters of left
ventricular hypertrophy and diastolic function
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Table 4 Multiple regression analysis of E/e” and significantly
associated variables

LV hypertrophy LV diastolic function Independent variable B-coefficient t-value P-value
LYmi E/A & E/e Max-min SBP difference 0.410 2.774 0.009
. Mean value of SBP 0.222 1.400 0.170
Variable r r r r
s.d. of SBP -0.107 —0.205 0.839
Age 0.196 —0.468** —0.447**  0.175 Fratio=7.694 ?=0.168
BMI —0.044 -0.012 0.196 —0.037 (P=0.009)
Total cholesterol 0.056 0.008 0.057 -0.017 Abbreviations: €', peak early diastolic mitral annular velocity; E, peak early diastolic transmitral
Triglyceride 0.001 —0.075 —0.053 0.133 flow; E/e’, the ratio of E to €’; Max-min, maximum-minimum; SBP, systolic blood pressure;
HDL cholesterol -0.223 0.140 0222 0192 S stendarddeviation.
Serum creatinine 0.253 -0.311 —0.348* 0.007
Serum albumin 0.200 —0.093 0.180 ~0.175 than in the summer. We previously reported the highest level of SBP is
Hb 0.014 0.063 0.009 —-0.036 observed in February, and the lowest level of SBP is observed in
August in healthy elderly subjects based on home measurements of
Mean values of blood pressure and heart rate blood pressures.’! In the present study, the highest level of SBP was
Mean value of SBP -0.077 -0.116  -0.219 0.349*  observed in November, which is the beginning of winter. In other
Mean value of DBP —-0.150 -0.037 -0.018 0.123 words, the month in which the highest level of SBP was observed was
Mean value of HR 0.026 -0.192  -0.172 0.227 different from that in previous reports.!>"1%3! However, the present
study used the SBP at an outpatient clinic and included treated
Visit-to-visit variability of SBP hypertensive patients. These differences in methods of blood pressure
s.d. of SBP 0.286 -0.327%  -0.496**  0.384"  meaqurement and study participants may have caused this discrepancy
Max-min SBP difference 0.319* -0.297 —0.490***  0.410**

Abbreviations: €’, peak early diastolic mitral annular velocity; A, peak late diastolic transmitral
flow; BMI, body mass index; DBP, diastolic brachial blood pressure; Hb, hemoglobin; HDL,
high-density lipoprotein; HR, heart rate; E, peak early diastolic transmitral flow; E/A, the ratio of
E to A; E/e’, the ratio of E to €’; LV, left ventricular; LVMI, left ventricular mass index; SBP,
systolic brachial blood pressure; s.d., standard deviation.

*P<0.05, **P<0.01, ***P<0.001.

E/e’ was associated with both parameters of visit-to-visit SBP as well
as mean SBP during the 1-year observation. Therefore, stepwise multi-
ple regression analysis was performed to identify which parameters over
the year were independently associated with E/e”. The parameters that
showed statistically significant correlations with diastolic function in
univariate analyses (mean value of SBP, s.d. of SBP and maximum-—
minimum SBP difference) are shown in Table 3. This analysis indicates
only maximum-minimum SBP difference (f coefficient=0.410,
P=0.009, >=0.168) was independently associated with E/e’ (Table 4).

DISCUSSION
The present study compared visit-to-visit variability and the mean
values of SBP data over a 1-year observation period to identify the
associations between echocardiographic parameters and CAVI in
treated hypertensive patients. The data led us to the following
conclusions: (1) the highest level of SBP was observed in November,
and the lowest level of SBP was observed in August over a 1l-year
observation; (2) although visit-to-visit SBP variability over the 1-year
period correlated with the mean SBP over the same year, the correla-
tion was weak (r=0.353, P=0.025); (3) arterial stiffness as assessed by
CAVI did not show statistically significant correlations with visit-to-
visit variability parameters or mean SBP over the 1-year observation;
(4) LV hypertrophy as assessed by LVMI did not show close correla-
tions with visit-to-visit SBP variability parameters or the mean value
of SBP; (5) in contrast, parameters of LV diastolic function were well
correlated with the three parameters of SBP over the 1-year observa-
tion; and (6) among the parameters of SBP, maximum-minimum SBP
difference (a variability parameter) demonstrated the closest correla-
tion with parameters of LV diastolic function.

Seasonal variation in arterial blood pressures has previously been
demonstrated;'>"!® blood pressure is generally higher in the winter

between the present study and previous studies.

In the present study, s.d. of SBP correlated with the mean value of
SBP (r=0.353, P=0.025) (Table 2). However, our data suggest the
clinical significance of visit-to-visit SBP variability and that of mean
SBP over a 1-year observation may be different. In the present study, we
sought to elucidate the difference in vascular damage produced by the
visit-to-visit SBP variability and the mean value of SBP by measuring
CAVI, which can reflect the influence of hypertension on arterial
stiffness. However, there were no statistically significant correlations
between CAVI, the visit-to-visit SBP variability parameters and the
mean SBP. Previous reports®®>? have established CAVI is not as
influenced by blood pressure as brachial-ankle PWV is influenced.
Therefore, brachial-ankle PWV might produce different results regard-
ing correlations between arterial stiffness and visit-to-visit SBP varia-
bility and the mean SBP. Moreover, the population used in the present
study was small. A previous study,>> which was performed by measuring
PWYV in a larger number of patients, reported a feasible link between
arterial stiffness and seasonal blood pressure variation.

In the present study, we focused on differences in associations with
cardiac damage between visit-to-visit SBP variability parameters and
mean SBP. We found that neither visit-to-visit SBP variability nor
mean SBP showed a close correlation with LVMI, which reflects LV
hypertrophy in treated hypertensive patients. However, visit-to-visit
SBP variability parameters and mean SBP showed close correlations
with parameters of LV diastolic function. This finding may indicate
that LV diastolic dysfunction rather than LV hypertrophy reflects
cardiac damage in treated hypertensive patients. This may be because
LV diastolic dysfunction occurs even in hypertensive patients without
LV hypertrophy. Indeed, in previous studies mildly hypertensive
patients demonstrated LV diastolic dysfunction without LV hypertro-
phy.343> In our study, the correlation was closer for the visit-to-visit
SBP variability parameters than for mean SBP. These results indicate
that visit-to-visit variability in SBP over a 1-year period may be a
marker of LV diastolic dysfunction in treated hypertensive patients.
Therefore, hypertensive patients with greater visit-to-visit variability of
SBP may have a high risk of diastolic heart failure.

We could not determine the precise mechanism for the associa-
tion between high visit-to-visit variability of SBP and LV diastolic
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dysfunction. The association between arterial stiffening and LV
diastolic dysfunction (that is, arterial-ventricular coupling) has been
proposed as one reason for LV diastolic heart failure with preserved LV
systolic function.>®¥ In the present study, hypertensive patients with
LV diastolic dysfunction may have had increased arterial stiffness,
which might have led to the increased SBP in response to seasonal
variations, such as environmental temperature, over the 1-year obser-
vation period. Therefore, hypertensive patients with LV diastolic
dysfunction may have shown greater visit-to-visit SBP variability
over the 1-year observation. An association between arterial stiffening
and LV diastolic dysfunction may have existed in the participants of
the present study.

This study has several limitations. First, there was a significant
correlation between the mean SBP and maximum-minimum SBP
difference (r=0.390, P<<0.05) (Table 2). Because both parameters—
mean SBP and maximum-minimum SBP difference—were used for
the multiple regression analysis, there is the problem of multicolli-
nearity. However, we selected study participants from two groups: (1)
seven patients with lower mean SBP (<129 mmHg) and a greater
maximum-minimum SBP difference (>30mmHg) and (2) seven
patients with higher mean SBP (>129 mm Hg) and a smaller max-
imum-minimum SBP difference (<30mm Hg), and we compared
the diastolic function between the two groups. Although E/A and E/e’
did not differ between the two groups, the ¢’ (5.0+0.8cms™!) in
seven patients with lower mean SBP (<129 mmHg) and a greater
maximum-minimum SBP difference (=30 mm Hg) was significantly
lower (worse) than the ¢ (6.7+1.2cms™!) in seven patients with
higher mean SBP (> 129 mm Hg) and a smaller maximum-minimum
SBP difference (<30 mmHg). This result suggests that high visit-to-
visit variability is independently associated with LV diastolic dysfunc-
tion. Second, the seasonal variability of SBP was not very large in the
present study because the s.d. of SBP was 11+ 5mm Hg (Table 1).
Therefore, further studies are needed to establish clinical significance
of association between seasonal SBP variability and LV diastolic
dysfunction. Finally, we have no data regarding the effects of anti-
hypertensive treatment on LV diastolic dysfunction and seasonal SBP
variability because the present study was a cross-sectional design and
did not determine the effects of antihypertensive treatments.

In conclusion, parameters of visit-to-visit variability of SBP showed a
stronger correlation with LV diastolic dysfunction than did mean SBP
over the 1-year observation. In particular, increased s.d. of SBP over the
year was associated with LV diastolic dysfunction and may indicate a
high risk for diastolic heart failure in treated hypertensive patients.
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