Journal of Cardiology 21: 105-114, 1991

Relationship  between
blood pressure and left
ventricular mass in male
patients with essential
hypertension

Toshiharu OKUI
Shin-ichi KITAMURA
Keiko HARA
Wataru AOI*
Masazumi AKAHOSHI**
Shinji SETO**
Yutaka DOI**
Yasuhiko OKU**
Kunitake HASHIBA**

Summary

We performed retrospective study of the relationship between the severity and duration of hyper-
tension and echocardiographically-detected left ventricular hypertrophy (echo-LVH) in patients with
untreated essential hypertension. The subjects consisted of 92 untreated essential hypertensives who
were observed for more than 5 years from the onset of diastolic hypertension (=95 mmHg), and whose
left ventricular (L'V) mass index was measured at the end of the observation period. On the basis of
the frequency of diastolic hypertension during the observation period, the population was categorized
in 3 groups. In Group I (32 cases), diastolic hypertension was observed in more than 809, of blood
pressures obtained throughout the entire observation period. In Group II (38 cases), diastolic hyper-
tension was observed in 33 to 809, of the observation period. In Group III (22 cases), diastolic
hypertension was observed in less than 33%, of the observation period. The average diastolic blood
pressure during the entire observation period in each group were 101.0, 96.0, and 90.7 mmHg in groups
I, II, and III, respectively. The LV mass index was significantly higher in groups I (114.6 g/m?) and
IT (105.3 g/m?) than in group III (90.7 g/m?) (p<0.01). The prevalence of echo-LVH (more than
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121 g/m?) was 34.49,, 18.49,, and 4.89%, in groups I, II, and III, respectively. The average diastolic
blood pressure in patients with echo-LVH (99.3+5.1 mmHg) was significantly higher than in patients
without echo-LVH (95.7+4.7 mmHg).

We concluded that the degree and duration of diastolic pressure elevation are closely correlated

to the LV mass index.
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Introduction

The development of left ventricular (LV)
hypertrophy in hypertension results from long-
standing high blood pressure (BP). Longitudinal
observation of BP is required to elucidate the
relationship between the development of LV
hypertrophy and the BP. Echocardiographic
technique for measuring the LV mass has been
used in numerous studies over the past several
years to assess the development of LV hyper-
trophy in hypertension.!*” However, all re-
ported studies were conducted by comparing
the relationship between the LV mass and the
BP, both of which were recorded cross-sec-
tionally or during 24-hour ambulation.8~19

The present study evaluated the relationship
between the BP and echocardiographically-
detected LV hypertrophy (echo-LVH) in men
with mild and untreated essential hypertension,
whose BP was periodically recorded for more
than 5 years. Specifically, the effect of higher
diastolic blood pressure (DBP) on LV hyper-
trophy was investigated.

Materials and methods

Subjects

We studied 92 male employees with untreated
essential hypertension. Each subject had received
a long-term follow-up examination for hyperten-
sion as part of a periodic health examination
since the first detection of 150/90 mmHg or
higher BP. The subjects fulfilled the following
criteria: 1) no medical history of antihyperten-
sive therapy; 2) followed for more than 5 years
after diastolic hypertension (DBP=95 mmHg)
was detected; 3) male subjects with essential
hypertension.

All subjects with evidence of cardiac diseases
other than essential hypertension were excluded
from the study based on results of the medical
history, physical examination, urinalysis, blood
cell counts, serum electrolytes, creatinine and
blood urea nitrogen (BUN), fasting blood glu-
cose, ECG and echocardiography.

The average of the BPs recorded one to 4
times each year was used as the BP of that year.
BP was measured using a mercury sphygmoma-
nometer while the subject was seated with his
left arm at his heart level.

Hypertensive groups: Ninety-two hyperten-
sive male patients were categorized in 3 groups
on the basis of the frequency of diastolic hyper-
tension (DBP =95 mmHg) during the entire ob-
servation period. Group I included 32 patients
whose DBP was =95 mmHg over 809, of the
BP records during the study period. Group II
included 38 patients whose DBP was =95 mmHg
in 339 to 809, of the BP records during the
follow-up period. Group III included 22 pa-
tients whose DBP was =95 mmHg in less than
33%, of the BP records during the follow-up
period (Table 1).

Normotensive group: Sixty-five apparently
healthy males comprised an age- and sex-
matched control group, who had had routine
physical checkups at our hospital and had
normal BPs (<140/90 mmHg) and normal
ECGs.

Echocardiographic methods

M-mode echocardiography was performed
with a commercially available ultrasonoscope
(Toshiba SSH-60A) using a 3.75 MHz trans-
ducer, and images were recorded with a polaroid
camera or multi-format camera. Patients were
examined in the supine or in the left lateral
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Table 1.

Left ventricular hypertrophy in hypertension

Classification according to the incidence of diastolic hypertension

Groups* Incidence of diastolic Age Observation period
Ps hypertension & (years) (years)
I More than 80% 32 43.3+7.1 8.5+3.3
IT 33% to 80% 38 45.947.5 10.6+5.2
111 Less than 33% 22 41.9+8.0 9.3+4.4
Control** 65 44.6+6.2

* see text for details, ** normotensive (less than 140/90 mmHg) and normal ECG group.

decubitus position (within 45°). End-diastolic
measurements of the interventricular septal
thickness (IVST), left ventricular internal di-
mension (LVIDd) and posterior wall thickness
(PWT) were made according to the recommen-
dations of the American Society of Echocardio-
graphy (Fig. 1).'? The LV mass and LV mass
index were calculated using the following for-
mula according to Devereux and Reicheck.?518)

LV mass=1.04 {(IVST+LVIDd+PWT)?

—LVIDd?} —13.6 (g)
LV mass index=LV mass/BSA (g/m?)

Statistical methods

Statistical analysis of the continuous variables
was performed using Wilcoxon’s non-parametric
and unpaired test. Discrete variables were com-
pared by a chi-square test. Values in the text
and tables were presented as means=standard
deviations (SD). Probability (p) values less than
0.05 were considered statistically significant.

Results

Comparison of blood pressures
The mean value of the systolic blood pres-

Fig. 1.

M-mode echocardiographic measurements.

Measurements were made at the onset of an R wave on the ECG, using standard leading-edge to

leading-edge method according to the American Society of Echocardiography.!?
LVIDd=end-diastolic LV internal dimension; IVST =interventricular septal thickness; PWT =

posterior wall thickness.
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sures (SBP) during the entire observation period
was 151.6+9.5mmHg in group I, 150.2+
9.1 mmHg in group II, and 147.9412.6 mmHg
in group III. No significant difference was ob-
served among the groups. The mean value of
the DBP during this time was 101.0+3.3 mmHg
in group I, 96.0+3.0 mmHg in group II, and
90.7+3.1 mmHg in group III. As shown in
Fig. 2, significant differences in DBP were ob-
served among the 3 groups. However, the
values in the control group were 114.6+

10.9 mmHg for SBP and 72.1+9.0 mmHg for
DBP.

Echocardiographic measurements

Table 2 and Fig. 3 show echocardiographic
measurements in each group. The measure-
ments obtained from the 65 healthy males in
the control group were used as normal values
for the echocardiographic measurements (Table
2).

There were no significant differences in the
LVIDd index among these groups. The IVST
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Fig. 2. Mean values of blood pressure during the entire observation period in groups I, II

and III and the normotensive group (C).

No significant difference was found in systolic blood pressure, but significant differences were ob-

served in diastolic blood pressures.
NS =not significant.

Table 2. Echocardiographic measurements

Group 1 Group II Group III Control

n 32 38 22 65

LVIDd (mm) 49.9+4.3 47.8+8.4 45.84+9.7 48.9+3.7
LVIDdI (mm/m?) 28.4+3.0 27.4+4.8 28.1+2.1 28.6+2.3
LVIDs (mm) 31.5+4.7 31.2+4.2 31.5+4.6 31.5+4.1
LVIDsI (mm/m?) 17.8+2.6 18.0£2.7 18.4+2.6 18.9+3.5
IVST (mm) 9.8+2.1%*1 9.1+1.4% 8.5+1.3 8.3+0.9
IVSTI (mm/m?) 5.5+1.4%%} 5.3+0.9* 5.0+0.9 4.8+0.6
PWT (mm) 9.441.3%*} 9.3+1.4%*} 8.3+0.8 8.2+0.7
PWTI (mm/m?) 5.440.9%* 5.4+0.9%* 4.9+0.5 4.8+0.5

*¥ p<0.05, ** p<0.01, vs control.

1 p<0.05, I p<0.01, vs group IIL
LVIDdI=LVIDd index ; LVIDsI=LVIDs index ; IVSTI=IVST index; PWTI=PWT index. Other abbrevia-
tions as in Fig. 1.
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Fig. 3. Echocardiographic measurements in groups I, II and III and the normotensive

group (C).

There was no significant difference in LVIDd index. IVST index and PW'T index were signi-
ficantly greater in groups I and II compared with the control group.
Index=divided by BSA. Abbreviations are as in Fig. 1.

index was significantly greater in group I than

P <0.01 .

in group III (p<0.05), and greater in groups I e ;F—NS—|,—P<0.01—|

and II compared with the control group (p< mer : )

0.01, p<0.05, respectively). The PWT index iR ) g

of group II was significantly greater than that 2 o) i . .

of group III and also greater in groups I and 8 ot sé E r ..
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16.1 g/m? in group III and 91.5+14.3 g/m? in ol L B e |

the control group as depicted in Fig. 4. The LV I I o c

mass index was significantly greater in groups I
and II than in group III and the control group.
The LV mass index was slightly greater in
group I than in group II, but this difference
was not statistically significant.

Left ventricular hypertrophy detected by echo-
cardiography (Echo-LVH)

The tentative cutoff value of the LV mass
index which we used for recognizing left ven-
tricular hypertrophy was the mean plus double
standard deviation of the L'V mass index in the
control group, 121 g/m? among men. Echo-LVH
was observed more frequently in group I than
in group III and more in groups I and II com-
pared with the control group (Table 3). As
shown in Table 3, the prevalence of echo-LVH

Fig. 4. LV mass index in groups I, II and III
and normotensive group (C).

LV mass index was significantly greater in groups I
and II compared with group III and the control
group.

NS =not significant.

was greater in group I than in group II, but
this difference was not statistically significant.
The prevalence of echo-LVH was 20.79, in all
hypertensives.

Relationship between LV mass index and
blood pressure

A significant positive correlation was ob-
served between the LV mass index and the
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Table 3. Prevalence of echo-LVH in each group

LV mass index =121 g/m?

Group I 34.4% (11/32)**f
Group 11 18.4% ( 7/38)*
Group III

4.5% ( 1/22)

20.7% (19/92)
1.5% ( 1/65)

Total (I, II, III)
Control

* p<0.05, ** p<0.01, vs control.
1 p<0.05, vs group III
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Fig. 5. Correlation between LV mass index and
blood pressure.

There was no significant correlation between average
systolic blood pressure (Systolic BP) and LV mass. A
significant positive correlation was observed between
average diastolic blood pressure (Diastolic BP) and LV
mass.

NS =not significant.

average DBP during the entire observation pe-
riod (p<0.001, r=0.32). However, there was no
significant correlation between the LV mass in-
dex and the average SBP during this period
(Fig. 5).

Characteristics of subgroups with and without
echo-LVH

All patients in groups I, II and III were
categorized in 2 subgroups; one group with
echo-LVH (more than 121 g/m?); the other
group without echo-LVH (less than 121 g/m?)
(Table 4). Patients with echo-LVH did not
differ significantly from patients without echo-
LVH with respect to age, length of observation
period, average SBP during the entire obser-
vation period and the voltage of SV, plus RV;

Table 4. Characteristics of the subgroups with
and without echo-LVH

LV mass index

<121 g/m? =121 g/m?
Age (years) 43.6+7.9 46.1+7.1
Duration (years) 9.5+4.7 9.7+3.8
SBP (mmHg) 149.9+10.4 151.4+9.6
DBP (mmHg)** 95.7+4.7 99.3+5.1
SV,+RV;¢ (mm) 33.5+9.0 35.9+6.4
n 73 19

** p<0.01.
SBP=systolic blood pressure;
blood pressure.

DBP =diastolic

on electrocardiography. However, the average
DBP was significantly higher in patients with
echo-LVH than in those without echo-LVH
(p<0.01;99.3+5.1 vs 95.7+4.7 mmHg).

Electrocardiographic findings

The voltage of SV; plus RV;s on ECG was
33.1+8.1 mm in group I, 35.2+9.8 mm in
group II, 33.4+6.9 mm in group III and 29.5
+6.2 mm in the control group. There were no

significant differences between these groups
(Fig. 6).
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Fig. 6. Voltage of SV,+RV;; on electrocardio-
gram in groups I, Il and III and the normotensive
group (C).

There was no significant difference between the
groups.

NS =not significant.
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Discussion

An echocardiographic method for measuring
LV mass is reportedly more sensitive and ac-
curate than electrocardiography for the identifi-
cation of hypertensive LV hypertrophy.2:3:19,20
Age- and sex-matched healthy normal subjects
were utilized as controls in the present study,
because the LV mass is influenced by body
surface area, age and sex. The tentative cutoff
value we proposed for recognizing LV hyper-
trophy in apparently normal male Japanese
subjects was =121 g/m?, which was somewhat
less than the values reported by Devereux et al.
(=111 g/m? in women, =135 g/m? in men).!H®
The prevalence of LV hypertrophy defined with
the identical cutoff for LV mass (>120 g/m?)
reportedly ranges from 23 to 489, in hyperten-
sive patients and from 0 to 10%, in normal sub-
jects.®2L,22 These observations were made for
small number of patients with mild to moder-
ately severe essential hypertension who were
evaluated in a referral center. Hammond et al.
reported that using the same echocardiographic
criteria, the prevalence of LV hypertrophy was
lower, 129, among patients with borderline hy-
pertension, and 209, among employed patients'?
with relatively mild, uncomplicated sustained
hypertension. In the present study, the preva-
lence of LV hypertrophy was 20.7%, in employed
male patients with mild to moderate untreated
hypertension. This is consistent with the data
reported by Hammond et al.'®

Older ages and longer duration of the hyper-
tensive state may be associated with a greater
prevalence and greater severity of hypertensive
cardiac hypertrophy. However, most studies
have shown a relatively poor correlation between
BP and LV hypertrophy.®23~29 In addition,
cross-sectional studies of large clinical or un-
selected patient populations with systemic hy-
pertension, the SBP was only weakly related
to echocardiographic LV mass, with correlation
coefficients of 0.24 to 0.45.9:28~29 Ever weaker
correlation was observed between DBP and LV
mass in these studies.®?3~2% An average 24-hour
SBP was reported to be correlated most closely

Left ventricular hypertrophy in hypertension

with LV mass.%!¥ Ren et al. reported a sub-
stantially closer correlation between LV mass
and maximum systolic arterial pressure during
treadmill exercise testing than between LV
mass and BP at rest prior to exercise.?® Fur-
thermore, the Framingham data recently re-
ported by Levy et al. showed that LV mass
increased with age commensurate with the ele-
vation of the SBP, which was within the normal
range.?” The reason for the dissociation between
blood pressure levels and LV hypertrophy has
not been fully clarified.

For LV hypertrophy to develop, it seems
necessary that BP remain continuously elevated
for an extended period. Both BP and duration
of hypertensive state are regarded as deter-
minants of the hypertensive LV hypertrophy.
Therefore, longitudinal studies of BP is neces-
sary to evaluate the relationship between BP
and LV hypertrophy. Thus, we studied the
relationships between L.V mass and the BP on
the basis of longitudinal observations of the
“‘casual” BP. The present study demonstrated
that the LV mass index was significantly greater
in groups I and II as compared with group III
and the control group, and a significantly posi-
tive correlation was observed between LV mass
and the average DBP. Thus, the group with the
greatest frequency of diastolic hypertension ex-
hibited the greatest level of LV mass index and
the greatest prevalence of echo-LVH.

However, in the present study, there was no
significant correlation between LV massand aver-
age SBP. In addition, the mean value of SBP
did not differ significantly among the groups.
These characteristics of SBP could result from
the fact that SBP varies much more compared
with DBP, and the higher the levels of SBP, the
greater the variability, as Littler et al. demon-
strated.?®

In conclusion, DBP appears to be an impor-
tant correlate of LV hypertrophy on the grounds
that there was a significant correlation between
DBP and echo-LVH.

Clinical implications are that patients with
DBP exceeding 100 mmHg for an extended pe-
riod should be treated to prevent the develop-
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ment of LV hypertrophy. The average DBP in
patients with echo-LVH was 99.3 mmHg, in our
study. However, LV hypertrophy was also ob-
served, even in patients with mild hypertension
with average DBP from 90 to 95 mmHg over
long terms. This indicates the need for vigorous
examinations, including echocardiography. In
addition, echo-LVH, was not observed in some
patients with high DBP levels. This dissociation
between BP levels and LV mass may have re-
sulted from BP variability or from other sources
such as genetic factors.29~32)

Conclusion

The degree and duration of diastolic hyper-
tension as obtained from casual BP measure-
ments correlated closely with the LV mass index
and LV hypertrophy. Echocardiographically,
the LV mass index was considered useful in de-
tecting LV hypertrophy in hypertensive patients.
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