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1. Introduction

In one of the very early reports from the Framingham Heart Study, three main risk factors
for cardiovascular disease (CVD) morbidity and mortality were revealed: hypertension,
hypercholesterolemia, and left ventricular hypertrophy (LVH).! LVH was defined as increased
left ventricular mass due to ventricular dilatation, wall thickening, or a combination of
ventricular dilatation and wall thickening. Its assessment by standard 12-lead
electrocardiography (ECG) or echocardiography was found to be associated with a higher risk of
CVD morbidity and mortality in general populations®® and hypertensive patients.*® The LVH-
CVD association was independent of traditional cardiovascular risk factors such as age, high
blood pressure (BP), diabetes mellitus, and obesity.® Although LVH has been shown to be an
independent predictor of clinical outcomes, the reasons behind the robust association between

LVH and CVD morbidity and mortality have been unclear.
1.1. The Pathophysiology of LVH

The pathogenesis of LVH increases progressively with age and involves many factors
including mechanical forces/pressure overload, neurohumoral activity, hemostatic factors,
genetic factors, inflammatory mediators, and metabolic abnormalities, which together lead to a
complex molecular mechanism.” The contributions of these factors alone and in combination
extend to cardiac hypertrophy and remodeling through the impairment of cardiac myocytes,
fibroblast proliferation, collagen synthesis and apoptosis.2 Hemodynamic factors (i.e., pressure
load) and nonhemodynamic factors (e.g., neurohumoral activity and abnormal hemostatic

factors) were proposed as critical determinant issues of LVH.



1.1.1. Hemodynamic Factors

According to Laplace’s Law, afterload that induces an elevation of systolic wall stress
and oxygen consumption enhance the ventricular wall thickness as a compensatory mechanism
to reduce wall stress.” The hypertrophy caused by the hemodynamic burden could lead to
adapted (physiological) or maladapted (pathological) hypertrophy. Physiological hypertrophy is
created by a transient hemodynamic overload such as the overloads that occur with pregnancy or
regular exercise activity. Pathological hypertrophy is caused by a chronic hemodynamic overload.
Several conditions can enable pathological hypertrophy, such as a pressure overload (systemic
hypertension and aortic stenosis) which leads to concentric LVH, and a volume overload
(chronic aortic regurgitation or mitral valve regurgitation) which leads to eccentric LVH.**!

Both hypertension and aortic stenosis enhances the pressure load of the left ventricle.
Increased pressure on the intraventricular area in hypertension and aortic stenosis will lead to
structural remodeling of the heart such as myocytic hypertrophy, increased perimyocytic fibrosis,
and myocardial scarring. However, hypertension, not aortic stenosis, is also accompanied by
intramyocardial arteriole wall thickening and increased perivascular fibrosis.’> This might
explain the discrepancy in the morphology and histology pattern of LVH between hypertension
and aortic stenosis, although each has the same burden of afterload on the left ventricle. Hence,
hypertension has a more destructive effect on target organs, leading to unfavorable clinical
outcomes.

Blood pressure has an important part in the hemodynamic burden of LVH. The
prevalence of LVH has been found to be higher in hypertensive individuals compared to

|.13

normotensive patients. For example, Hammond et al. = showed that the prevalence of LVH was

12% in borderline hypertensive patients and 20% in patients with mild, uncomplicated sustained



essential hypertension. In the Framingham Heart Study, the risks of LVH in patients with normal
BP (systolic BP [SBP] < 140 mmHg), mild hypertension (SBP 140 — 160 mmHg) and severe
hypertension (SBP > 180 mmHg) were found to be 2%, 6%, and 19%, respectively.'* BP per se
is a hemodynamic phenomenon that varies from moment to moment over a 24-hour day,
characterized by a dip BP pattern during the night followed by a surge BP pattern in the early
morning. However, BP fluctuations not only between sleep and awake periods but also from
minute to minute are induced by human behavior, including neurohumoral activity.*** It is well
known that out-of-office BP is more strongly associated with target organ damage than
conventional BP taken in a clinician’s office, since cardiac hypertrophy it self is a reflection of
time-integrated and chronic exposure to high BP that cannot be represented by only a single
clinic BP measurement.™ In particular, higher 24-hour BP and higher nocturnal BP have been

shown to be associated with LVH in hypertensive patients.*”*°

We performed the Japan Morning Surge-Target Organ Protection (J-TOP) Study, an
open-label randomized multicenter trial using the stratified allocation of hypertensive patients
based on morning and evening differences in their home BP values.?® In the J-TOP study, the
titration was guided not by doctor-measured office BP but by home BP self-measured using a
memory-equipped device to compare the morning or bedtime dosing of candesartan (plus a
diuretic if needed) among individuals with home SBP higher than 135 mmHg. We observed and
investigated the ECG-LVH changes from baseline (0 month) compared with the values at a 6
month follow-up using the Cornell voltage and Sokolow-Lyon voltage criteria during
antihypertension treatment (n=235, mean age 63.5 yrs, 45% male). The results showed that
reductions of office and home BP were followed by the regression of ECG-LVH (Figs. 1, 2). In

addition, reductions in morning and night time home BP were significantly correlated with the
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Figure 1. Office BP, Morning home BP, and Nighttime home BP of baseline and 6 month
follow-up therapy in the J-TOP study (unpublished data). Abbreviations: BP, Blood pressure.
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Figure 2. Sokolow-Lyon and Cornell voltage LVH of baseline and 6 month follow-up therapy in
the J-TOP study (unpublished data).



Table 1. Univariate correlations between reductions in ECG-LVH criteria and reductions in BP
parameters in the J-TOP study (unpublished data)

i A Home SBP A Home SBP
A ECG-LVH criteria A Office SBP (Morning) (Nighttime)
r p r P r p
Sokolow-Lyon 0.03 0.62 0.95 0.14 0.10 0.12
Cornell Voltage 0.83 0.22 0.22 0.001 0.21 0.001

Correlations were assessed by the Pearson’s r coefficient. Abbreviations: BP, Blood pressure;
ECG, Electrocardiography; LVH, Left ventricular hypertrophy; SBP, Systolic blood pressure



reduction of Cornell voltage LVH (Table 1). Thus, our findings confirmed the importance of out-

of-office BP on hypertension-related target organ damage.

1.1.2. Nonhemodynamic Factors

The pathogenesis of LVH is not related solely to pressure-dependent phenomena such as
increased pressure load and total peripheral resistance imposed by hypertension. Clinical studies
suggested that even though LVH is closely associated with BP (particularly ambulatory BP),
approx. 50% of the variance of LVH remains unexplained.’” This may indicate that BP-
independent mechanisms contribute to the development of LVH. Several nonhemodynamic
factors are known to be involved in hypertrophy of the myocardium (including neurohumoral
and hemostatic factors), independent of systemic arterial pressure.
1.1.2.1. Neurohumoral Factors

Many years ago, animal studies showed that sympathetic nerve activity (SNA) played a
pivotal role in the development and progression of LVH?! through the stimulation of myocardial
B-adrenergic receptors.?? The evidence was extended in human studies, which showed that SNA
in hypertensive patients not only contributes to rising BP,? but also shows trophic properties.?*2°
Greenwood et al.?* demonstrated that SNA assessed by peripheral muscle nerve activity was
significantly higher in individuals with echocardiographic evidence of LVH compared to those
without LVVH. Schlaich et al.”® showed that even though they had similar BP levels, hypertensive
patients with LVH exhibited significantly higher cardiac norepinephrine spillover compared to
hypertensive patients without LVH. Moreover, the cause-effect relationship between SNA and
LVH is supported by the finding that the arterial noradrenaline level can be used to predict the

left ventricular mass and the occurrence of LVH in patients who became hypertensive during a

20-year follow-up period, independent of their systolic BP and body mass index values.?®



The pathological mechanism between increased neurohumoral activity and LVH is
related to the direct influence of SNA on the volume of myocytes, vascular distensibility, the
replication of vascular smooth muscle cells, and collagen synthesis.”” SNA also indirectly favors
cardiac hypertrophy through its effect on 24-hour BP variability (particularly during the daytime)
and increases blood viscosity.*>?® In addition, there is some evidence suggesting the contribution
of other neurohormones, such as the effect of the renin angiotensin aldosterone system (RAAS)

on the development of LVH. Koga et al.”®

showed that plasma renin activity (PRA; a marker of
RAS activity) was significantly associated with ECG-LVH. Malmqvist et al.*® observed that
PRA and serum aldosterone were high in hypertensive patients with LVH compared to
hypertensive patients without LVH. Lastly, plasma aldosterone was found to be significantly
associated with LV mass in hypertensive patients with high fibrinogen levels independent of
their office BP values, indicating an interaction of plasma aldosterone and fibrinogen in the

development of LVH in hypertensive patients.**

1.1.2.2. Hemostatic Factors

The main complications of hypertension such as stroke and myocardial infarction are
thrombotic rather than hemorrhagic, even though the vessel walls are exposed to high pressure in
hypertensive patients.* It was shown that LVVH as a higher risk complications of hypertension
had abnormalities of hemostatic factors such as elevations of prothrombin fragment 1+2 (F1+2)
and fibrinogen levels, in keeping with the well-known Virchow’s triad (i.e., abnormalities of
vessel wall, abnormalities of blood constituents, and abnormalities of blood flow).**** The
results of the Strong Heart Study suggested that in a population free of clinically overt coronary
heart disease, elevated plasma fibrinogen was associated with echocardiographic LVH

independent of significant covariates such as hypertension, diabetes, body size, antihypertensive



treatment, and renal dysfunction.*® Moreover, abnormalities of plasminogen activator inhibitor®
(PAI-1, an index of fibrinolysis) and von Willebrand factor®” (vWF, a marker of endothelial
dysfunction) which lead to impaired blood flow and increased shear stress, were shown to be

associated with LV mass in hypertensive patients.

These factors may have important roles in thromboembolic evidence in individuals with
hypertensive LVH. However, the relationships between various abnormal hemostatic factors and
LVH are not yet completely understood. One possible explanation is that fibrinogen have a
proinflammatory effect mediated by the modulation of myocyte apoptosis and the release of
cytokines,® and that inflammation is activated in LVVH.** Moreover, it was found that increased
plasma fibrinogen altered the hemorheologic effect on the local and systemic circulation by
increasing the blood viscosity, modifying endothelial cells, and increasing the shear stress of the
vascular wall.*> Thus, increased plasma fibrinogen will add an unfavorable burden via an

increase in the cardiac workload.
1.2. The Diagnosis of LVH

LVH can now be assessed by many different methods, including ECG, M-mode
echocardiography, 2D echocardiography, 3D echocardiography, and more recently by cardiac
MRI. Each of these methods has its specific values of sensitivity, specificity, availability and
cost. Clinical studies showed that both cardiac MRI and echocardiography have a greater ability
to detect LVH due to their relatively high sensitivity, whereas ECG showed low sensitivity.*
However, in daily clinical practice the use of ECG is common for diagnostic procedures because
it is easy to perform, relatively simple, widely available, and low-cost. The results of two large

cohort trials, the Losartan Intervention for Endpoint Reduction in Hypertension (LIFE)***? and



the Heart Outcome Prevention Evaluation (HOPE)*, confirmed that the regression of LVH
assessed by ECG during antihypertensive therapy results in improved outcomes, independent of

BP reduction.

ECG also provides additional data of clinical relevance that are associated with worse
prognoses such as signs of cardiac overload, strain or ischemia, and arrhythmias.”® Indeed,
current guidelines issued by the European Society of Hypertension and the European Society of
Cardiology (ESH/ESC 2013)* and the Japanese Society of Hypertension Guidelines for the
Management of Hypertension (JSH 2014)*" still recommend ECG as a first-line routine

examination for LVH screening, especially in hypertensive patients.
2. Objectives

Although it has been established that there is an association between LVH and CVD, it is
not yet clear whether ECG-LVH in hypertensive patients is associated with a higher risk of CVD
events, independently of 24-hour BP (including nocturnal BP), SNA, and hemostatic factors. In
the present study of elderly hypertensive patients, we assessed whether ECG-LVH is associated
with incident CVD events independently of 24-hour BP including nocturnal BP. We also
assessed whether ECG-LVH is associated with incident CVD events, independently of
circulating levels of norepinephrine and hemostatic factors (i.e., fibrinogen, F1+2, vWF, and

PAI-1) in older hypertensive patients.

3. Methods

3.1. Subjects

The methods the Jichi Medical School Ambulatory Blood Pressure Monitoring (JMS-
ABPM) Wave 1 study have been detailed elsewhere.**** Briefly, we enrolled 821 hypertensive

10



outpatients (office BP > 140/90 mmHg or antihypertensive medication use) > 50 years of age.
These patients were recruited from 6 institutions (3 clinics, 2 hospitals, and 1 outpatient clinic in
a medical university hospital) between 1 January 1992 and 1 January 1998. At baseline, we
excluded 10 patients who had a preexisting stroke, coronary artery disease, chronic heart failure,
cardiac arrhythmia, (including atrial fibrillation), peripheral vascular disease, or obvious
comorbidity (i.e., malignancy or infection). As a result, 811 patients were included in the JMS-
ABPM Wave 1 Study, of whom 810 patients were successfully followed up (follow-up rate:

98%).

In the present study, we included 514 patients who underwent an ABPM, ECG, and
blood sampling at baseline. As shown in Table 2, the included patients (n = 514) showed no
significant differences in age (72.2 vs. 72.4 years), a proportion of men (37% vs. 41%) and
current smoker (22% vs. 18%), 24-hour BP (138/78 vs. 138/78 mmHg), and antihypertensive
medication use at follow-up time (57% vs. 46%) compared to those not included in the present
study (n=297). The body mass index (BMI) was higher in the included patients compared to

those not included (24.2 vs. 23.5 kg/m?, P = 0.01).

Office BP was measured at the right arm with the patient in a sitting position after he or
she had rested for at least 5 minutes. Office BP was calculated as the average of two measures on
two separate occasions. Diabetes mellitus was defined as a fasting glucose level > 126 mg/dl, a
random nonfasting glucose level > 200 mg/dl, hemoglobin Alc > 6.2%, or the use of

antihyperglycemic medication.
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Table 2. Demographic and clinical characteristics between patients included and not included in

the present study.

P t Not Included Included P
arameter n =297 n =514
Patients characteristics
Age, years 72.4+11.5 72.2+8.7 0.84
Male, % 40.5 37.2 0.90
Body mass index, kg/m? 23.5+3.5 24.2+3.6 0.01
Current smoker, % 18.2 21.8 1.45
Hyperlipidemia, % 12.8 21.8 9.97
Diabetes, % 8.4 14.4 6.20
eGFR, ml/min/1.73m? 56.2+21.0 56.6+18.8 0.80
BP measurements
Office SBP, mmHg 16316 165+19 0.40
Office DBP, mmHg 89+14 91+14 0.17
Office PR, bpm 77112 7612 0.60
24-hours SBP, mmHg 138416 138417 0.52
24-hours DBP, mmHg 789 7810 0.23
24-hours PR, bpm 717 717 0.67
Daytime SBP, mmHg 144+17 146+18 0.12
Daytime DBP, mmHg 81+10 82+11 0.14
Daytime PR, bpm 77+9 7618 0.48
Nighttime SBP, mmHg 127+18 127+18 0.72
Nighttime DBP, mmHg 72+10 72+11 0.92
Nighttime PR, bpm 61+8 61+8 0.25
Nocturnal SBP dipping, % -11+9 -12+8 0.14
Dipping status
Extreme dipper, % 15.3 17.8
Dipper, % 35.8 42.5 557
Non-dipper, % 34.9 30.6 '
Reverse dipper, % 14.0 9.2
Use_of antihypertensive drugs at the follow- 46 57 100
up time, %
CCB, % 26 43 0.31
ACE inhibitors, % 22 21 0.35
Diuretic 2 3 2.22
o blockers, % 1 1 0.80
B blockers, % 2 1 0.38
Laboratory data
Fasting glucose*, mg/dl 89.0 (80.0-102.0) 89.0 (80.0-102.0) 0.70
Total cholesterol, mg/dl 196.8+36.0 201.6+£33.9 0.59
Triglycerides*, mg/dl 124.0 (87.0-175.0) 127.0 (87.0-179.0) 0.13
High density lipoprotein*, mg/dl 45.0 (39.0-54.0) 45.7 (39.0-53.0) 0.88

Data are means = SD or percentage, and P values were obtained by unpaired t-test or chi-squared test. Variables with skewed distributions
(asterisk) are expressed as median (interquartile range), and P values were obtained by Mann-Whitney U-test. Significance was defined as P <
0.05. eGFR was calculated by the modification of diet in renal disease study equation modified for Japanese, using the following equation: eGFR
(ml/min/1.73m?)=194xage(years) **'xserum creatinine (mg/dl)>®* (for women, x0.739). Abbreviations: LVH, left ventricular hypertrophy;
eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; ACE, angiotensin
converting enzyme; CCB, calcium channel blocker.
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The study protocol was approved by the Research Ethics Committee of the Department
of Cardiovascular Medicine, Jichi Medical School, Japan, in 1998. All participants signed

informed consent forms to participate in this study.
3.2. 24-hour ABPM

All hypertensive patients performed noninvasive 24-hour ABPM at 30-minute intervals
on a weekday. Patients who were prescribe antihypertensive medications (n = 285) stopped them
for at least 14 days before performing ABPM. Nocturnal BP was defined as the average BP
measured from the time when patients went to bed until the time they got out of bed, and awake
BP was defined as the average BP measured over the rest of the day. Nocturnal BP dipping was

calculated as 100 x (1-nocturnal systolic BP (SBP)/awake SBP).*

We divided the patients into 4 groups according to the extent of nocturnal BP dipping as
follows: extreme dippers, for whom the nocturnal SBP fall was >20%; dippers, for whom the fall
was >10% but <20%; nondippers, for whom the fall was >0% but <10%; and reverse dippers, for

whom the fall was <0%.
3.3. Measurement of neurohumoral and hemostatic factors

Blood samples were taken from cubital vein within two months after ABPM was
conducted. Patients were instructed to fast overnight before the exam. Blood samples were
obtained in the morning (8 am — 10 am) after 10 minutes in the supine position by the 2-syringe
method into disposable siliconized vacuum glass tubes containing a 1/10 volume of 3.8%
trisodium citrate for the measurement of hemostatic factors, and disodium EDTA for assaying
neurohumoral factors. Serum epinephrine and norepinephrine levels were measured by high-
pressure liquid chromatography (HLC-725CA Reagent Reactant D; Tosoh Co., Ltd., Tokyo,

13



Japan). The plasma fibrinogen level was determined using a 1-stage clotting assay kit (Dade
Behring, Fort Lauderdale, FL). The plasma levels of F1+2 and PAI-1 antigen were determined
using enzyme-immunosorbent assay Kits for F1+2 (Behringwerke AG, Marburg, Germany) and
PAI-1 (Biopool, Umea, Sweden). The plasma level of the vVWF was measured using a specific
ELISA kit (Shield Diagnostics, Ltd., Dundee, United Kingdom). This assay uses a monoclonal
antibody against the functional epitope of VWF>? rather than the polyclonal antibody, and the
value for the commercially available pooled plasma (CTS standard plasma; Behringwerke AG)
was taken as 100%. All measurements were conducted at a single commercial laboratory (SRL

Inc., Tokyo, Japan) and the intra-assay and inter-assay coefficients of all tests were <7%.
3.4. Definition of ECG-LVH

ECG-LVH was defined as a high voltage of the QRS complex (R in Vs + Sin V; > 3.5
mV) with either a flat T wave (<10% of the R wave) or ST-segment depression and biphasic T

waves.*?
3.5. Follow-up and events

Each patient’s medical records were reviewed after the patients were enrolled in the
present study, and at that time we ascertained whether the patients were using antihypertensive
medication or had had any incident CVD events (i.e., myocardial infarction or stroke). The
follow-up assessments were performed over a 20-month period between 1996 and 1998, and the
mean period of follow-up was 41 months (1-68 months).*®> When patients failed to come to the
clinic, we interviewed them by telephone: none of them were diagnosed as having CVD events.
Stroke events were diagnosed by the individual physicians who were caring for the patients at

the time of the CVD events, and an independent neurologist reviewed the cases and confirmed
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the diagnosis of stroke events. Stroke was defined as a sudden onset of neurological deficit
persisted for >24 hours in the absence of any other disease process that could explain the
symptom. Stroke included ischemic stroke (cerebral infarction and cerebral embolism),
hemorrhagic stroke (cerebral hemorrhage and subarachnoid hemorrhage), and undefined type of
stroke. Myocardial infarction was diagnosed based on the criteria of the WHO Multinational
Monitoring of Trends and Determinants in the Cardiovascular Disease (MONICA) project.**

Transient ischemic attack and angina were not included as outcomes.
3.6. Statistical analysis

All statistical analyses were performed with SPSS version 20.0 software (SPSS, Chicago,
IL). Variables with normal distribution were expressed as means + SD, and variables with
skewed distribution were expressed as the median (interquartile range). The demographic
variables and clinical characteristics in patients with and without ECG-LVH were compared
using unpaired t-test. Categorical parameters were compared using chi-square test. Circulating
levels of norepinephrine and hemostatic factors were compared using Mann-Whitney U-test. The
cumulative incidence rate of CVD events among those with and without ECG-LVH was plotted
as a Kaplan-Meier curve, and the difference was tested by the log-rank test. The hazard ratio
(HR) and 95% confidence interval (95% CI) of CVD events for ECG-LVH were calculated using
Cox regression analysis, including age, gender, smoking status, presence of diabetes mellitus,
and the use of antihypertensive therapy at the time of final follow-up as adjusted factors. These
adjusted factors were selected since they were significantly different between the hypertensive
patients with and without ECG-LVH. We further included 24-hour or nocturnal SBP, circulating
norepinephrine level, and plasma fibrinogen as adjusted factors. We assessed the interactions

between ECG-LVH and BP parameters (i.e., high 24-hour BP, extreme dipping, and reverse
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dipping) or neurohumoral and hemostatic factors in relation to CVD events. A two-sided P <

0.05 was defined as significant.

4. Results

The demographic variables and clinical characteristics according to the presence or
absence of ECG-LVH at baseline are shown in Table 3. Patients with ECG-LVH (n = 106) were
older and had a higher prevalence of men, current smoking, and diabetes mellitus compared with
those without ECG-LVH. Office SBP and diastolic BP (DBP), 24-hour SBP and DBP, daytime
SBP and DBP, and nighttime SBP and DBP were higher in patients with ECG-LVH than those

without it (all P < 0.001).

Table 4 shows comparisons of the neurohumoral and hemostatic factors between patients
with and without ECG-LVH. Patients with ECG-LVH showed higher levels of norepinephrine
than those without ECG-LVH (P < 0.001), whereas there were no significant differences in
plasma renin activity, and circulating levels of fibrinogen, F1+2, vVWF, and PAI-1 between the

two groups.

During follow-up (average of 41 months, range 1-68 months, 1,751 person-years), 43
stroke (ischemic 30, hemorrhagic 5, undefined 8) and 3 myocardial infarction occurred. The
Kaplan-Meier curve (Figure 3) shows that those with ECG-LVH had a higher cumulative
incidence rate of CVVD events compared to those without ECG-LVH (P < 0.001 by log-rank test).
The Cox regression analysis showed that the patients with ECG-LVH had a higher risk of CVD
events, and the association remained significant after adjustment for age, gender, smoking status,
presence of diabetes mellitus, and the use of antihypertensive drugs at the time of follow-up

(model 1 in Table 5). Further adjustment for high 24-hour BP (>130/80 mmHg, model 2a), day
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Table 3. Baseline characteristics of the study population according to the presence or absence of
ECG-LVH

ECG-LVH(-) ECG-LVH(+)
Parameter n = 408 n =106 P
Patients characteristics
Age, years 71.8+8.7 73.9+8.5 0.03
Male, % 32.6 54.7 <0.001
Body mass index, kg/m? 24.3+3.6 23.6+3.3 0.08
Current smoker, % 18.9 34.9 0.001
Hyperlipidemia, % 22.3 19.8 0.60
Diabetes, % 12.5 21.7 0.02
eGFR, ml/min/1.73m? 56.4+£13.4 54.3+£13.1 0.15
BP measurements
Office SBP, mmHg 162+17 174+23 <0.001
Office DBP, mmHg 90+14 96+16 <0.001
Office PR, bpm 77£12 7512 0.05
24-hour SBP, mmHg 136+15 149+17 <0.001
24-hour DBP, mmHg 779 84+11 <0.001
24-hour PR, bpm 717 70+8 0.14
Daytime SBP, mmHg 143+17 155+19 <0.001
Daytime DBP, mmHg 81+10 87+11 <0.001
Daytime PR, bpm 77+8 758 0.07
Nocturnal SBP, mmHg 124+16 137422 <0.001
Nocturnal DBP, mmHg 7110 78+13 <0.001
Nocturnal PR, bpm 71+10 78+13 0.75
Nocturnal SBP dipping, % -13+9 -11+9 0.045
Dipping status
Extreme dipper, % 22.5 17.9
Dipper, % 46.3 40.6 0.24
Non-dipper, % 31.1 415 '
Reverse dipper, % 7.8 104
Use of antlhypertenswe drugs at the 54 68 0.01
follow-up time, %
CCB, % 38 43 0.31
ACE inhibitors, % 19 32 0.003
Diuretics, % 4 6 0.41
o blockers, % 2 0 0.22
B blockers, % 1 1 1.00
Laboratory data
Fasting glucose*, mg/dl 89.0 (80.0-102.0) 90.0 (81.8-109.3) 0.38
Total cholesterol, mg/dl 201.6+33.8 201.7£34.5 0.97
Triglycerides*, mg/dl 127.5 (87.0-179.0) 136.0 (90.5-175.0) 0.58
High density lipoprotein*, mg/dl 45.0 (38.0-53.0) 46.5 (40.0-54.0) 1.72

Data are means + SD or percentage, and P values were obtained by an unpaired t-test or chi-square test. Variables with skewed
distributions (asterisk) are expressed as median (interquartile range), and P values were obtained by Mann-Whitney U-test.
Significance was defined as P < 0.05. eGFR was calculated by the modification of diet in renal disease study equation modified
for Japanese, using the following equation: eGFR (ml/min/1.73m?)=194xage(years)**xserum creatinine (mg/dl)™>%* (for
women, x0.739). Abbreviations: ACE, angiotensin converting enzyme; CCB, calcium channel blocker; DBP, diastolic blood
pressure; eGFR, estimated glomerular filtration rate; LVH, left ventricular hypertrophy; PR, pulse rate; SBP, systolic blood
pressure.
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Table 4. Neurohumoral and hemostatic factors of the study population according to the presence

or absence of ECG-LVH

Variable ECG-LVH() ECG-LVH(+) P
n =408 n =106
Neurohumoral factors
Plasma renin activity, ng/ml/hr 0.5 (0.2-1.00) 0.4 (0.2-0.9) 0.32
Epinephrine, pg/ml 34.0 (22.0-53.0) 42.0 (22.5-64.0) 0.11
Norepinephrine, pg/ml 335.0 (234.3-506.3)  435.0 (287.5-629.8)  <0.001
Hemostatic factors
Fibrinogen, mg/dl 262.0 (230.0-296.0)  277.5(230.5-330.3) 0.08
Prothrombin fragment 1+2, nmol/L 1.42 (1.14-1.71) 1.39 (1.13-1.90) 0.98
von Willebrand factor, % 158.4 (132.0-198.0)  161.0 (133.6-200.5) 0.39
Plasminogen activator inhibitor-1, ng/ml 34.1 (24.4-56.4) 39.0 (24.1-67.2) 0.68

Variables are skewed distribution, thus data are expressed as median (interquartile range). P
values were obtained by Mann-Whitney U-test. Significance was defined as P < 0.05.
Abbreviations: ECG, electrocardiography; LVH, left ventricular hypertrophy.
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© 307 Log rank test: P < 0.001
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Figure 3. Kaplan-Meier curve for cumulative incidence rate of CVD events in hypertensive
patients with LVH and without LVH. Abbreviations: CVD, cardiovascular disease; ECG,
electrocardiography; LVH, left ventricular hypertrophy.
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Table 5. Cox regression analysis for CVD events in older hypertensive patients (n=514)

Variable HR 95% CI P P for Interaction
Model 1

ECG-LVH 4.42 2.37-8.22 0.0001

Model 2a

ECG-LVH 3.58 1.93-6.67 0.0001

High 24-hour BP (>130/80 mmHg) 4.33 1.65-11.33 0.003

Model 2b

ECG-LVH x high 24-hour BP 0.53 0.10-3.67 0.52
Model 3

ECG-LVH 3.33 1.70-6.54 0.0001

24-hour SBP + 10 mmHg 1.35 1.05-1.74 0.018

Model 4

ECG-LVH 3.58 1.88-6.80 0.0001

Daytime SBP + 10 mmHg 1.34 1.07-1.68 0.01

Model 5

ECG-LVH 3.64 1.88-7.07 0.0001

Nocturnal SBP + 10 mmHg 1.22 1.00-1.53 0.048

Model 6a

ECG-LVH 3.95 2.05-7.62 0.0001

Nocturnal SBP dipping status

Extreme dipping 3.15 1.37-7.24 0.007

Dipping 1 (reference)

Non-dipping 2.06 0.96-4.43 0.063

Reverse dipping 2.81 1.09-7.25 0.032

Model 6b

ECG-LVH x extreme dipping 1.78 0.42-7.58 0.43
Model 6¢

ECG-LVH x reverse dipping 0.79 0.15-4.13 0.78

Hazard ratios (HR) and 95% confidence interval (Cl) of each BP indices are shown. Each model
was adjusted by age, gender, smoking status, presence of diabetes mellitus, and the use of
antihypertensive drugs at follow-up time. To assess the interaction between ECG-LVH and BP
parameters in relation to CVD events, model 2b included ECG-LVH, high 24-hour BP, and
ECG-LVH x high 24-hour BP, model 6b included ECG-LVH, extreme dipping, and ECG-LVH
x extreme dipping, and model 6¢ included ECG-LVH, reverse dipping, and ECG-LVH x reverse
dipping in the same models. Significance was defined as P < 0.05. Abbreviations: BP, blood
pressure; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; SBP, systolic
blood pressure.
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Table 6. Cox regression analysis for CVD events in older hypertensive patients (n=514)

Variable HR 95% CI P P for Interaction
Model 1

ECG-LVH 3.58 1.93-6.67 0.0001

Model 2a

ECG-LVH 4.03 2.16-7.53 0.0001

Serum norepinephrine + 10 pg/ml 1.002  1.0004-1.003 0.01

Model 2b

ECG-LVH x serum norepinephrine 1.00 0.99-1.00 0.95
Model 3

ECG-LVH 4.29 2.29-8.04 0.0001

Fibrinogen + 10 mg/dI 1.00 0.99-1.00 0.26

Hazard ratios (HRs) and 95% confidence interval (CI) of neurohumoral and hemostatic factor.
Each model was adjusted by age, gender, smoking status, presence of diabetes mellitus, the use
of antihypertensive drugs at follow-up time and high 24-hour BP. To assess the interaction
between ECG-LVH and norepinephrine levels in relation to CVD events, model 2b included
ECG-LVH, serum norepinephrine levels, and ECG-LVH x serum norepinephrine levels in the
same models. Significance was defined as P < 0.05. Abbreviations: Cl, confidence interval;
CVD, cardiovascular disease; HR, hazard ratio; LVH, left ventricular hypertrophy.
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time SBP (model 4), nighttime SBP (model 5), and nocturnal SBP dipping (model 6a) did not
change the results. A significant interaction of ECG-LVH with high 24-hour BP (model 2b in
Table 5), extreme dipping (model 6b), or reverse dipping (model 6¢) was not observed. We also
analyzed the interaction between ECG-LVH and daytime SBP on CVD risk, and the results were

null (HR, 1.15; 95% CI, 0.85-1.55, P = 0.35).

The association between ECG-LVH and CVD events was independent of circulating
levels of norepinephrine (model 2a in Table 6) and fibrinogen (model 3). Higher norepinephrine
levels were associated with a higher risk for CVD events independently of ECG-LVH. The
interactions of ECG-LVH with norepinephrine (model 2b in Table 6) in relation to CVD events
were not significant. When we entered the 4 variables (ECG-LVH, high 24-hour BP, and
norepinephrine and fibrinogen levels) together in the same model, the CVD risks of ECG-LVH
(HR, 4.43; 95% CI, 2.38-8.25) and high 24-hour BP (HR, 4.39; 95% CI 1.67-11.50) were
significant, but the corresponding values of higher norepinephrine (HR, 1.71; 95% CI, 0.91-3.19)

and fibrinogen (HR, 1.00; 95% ClI, 0.99-1.00) were not significant.

5. Discussion

The present prospective study with older hypertensive patients (mean age 72.3 years and
mean follow-up of 41 months) demonstrate that ECG-LVH was associated with a higher risk for
CVD events, independent of higher 24-hour BP, nocturnal SBP, and higher circulating levels of
fibrinogen and norepinephrine. Each of high 24-hour BP, higher nocturnal SBP, and higher
circulating norepinephrine levels was associated with a higher risk for CVD events, independent

of the presence of ECG-LVH. There were no significant interactions of ECG-LVH with high 24-
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hour BP, higher nocturnal SBP, or higher circulating norepinephrine levels in relation to CVD

events.

Desai et al.>®

suggested that among 15,792 participants free from clinical CVD at
baseline (mean age 54.7 years; 45% men; median follow-up of 11.2 years), ECG-LVH was
associated with a higher risk of incident CVD events (i.e., coronary heart disease/nonfatal

myocardial infarction, heart failure, stroke, and CVD death) in men (HR, 1.36; 95% CI, 1.10-

1.68) and women (HR, 1.43; 95% CI, 1.17-1.94). Office SBP was used as adjusted factors.

Okin et al.* suggested that among 8,854 hypertensive patients (mean age 67+7 years;
46% men; mean follow-up of 4.8 years), an LV strain pattern on ECG was associated with a
higher risk for CVD mortality (HR, 1.53; 95% CI, 1.2-2.0), independent of conventional
cardiovascular risk factors including office BP. Jissho et al.>® demonstrated that among 3,230
Japanese elderly (mean age 73.5 years; 43% men; mean follow-up of 2 years), ECG-LVH was a
significant predictor of CVD events (particularly cerebrovascular disease) independent of office
SBP. None of these studies adjusted for 24-hour BP. Our findings complement and extend the
prior evidence®™ by showing that the association between ECG-LVH and the risk of CVD

events was independent of high 24-hour BP and higher nocturnal SBP.

Schlaich et al.?® suggested that among 26 hypertensive patients (mean age 43 years; 75%
men), those with echocardiographic LVH had a higher SNA, assessed by muscle SNA, compared
to those without LVH. We found that the hypertensive patients with ECG-LVH had higher
circulatory norepinephrine levels compared to those without ECG-LVH. Circulatory
catecholamine levels are influenced not only by catecholamine production but also by tissue

clearance as well as the process of reuptake of catecholamine to neurons, which could attenuate
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the implications of circulating catecholamine levels as a marker of SNA.?*® Our data suggest

that the CVD risk of ECG-LVH was independent of circulating catecholamine levels, but further

researches using more precise assessment of SNA are warranted.

Lip et al.® suggested that among 178 hypertensive patients (86 men, mean age 54+15

years), those with echocardiographic LVH had higher levels of circulating fibrinogen levels

compared with those without LVH. We observed that circulating levels of fibrinogen, F1+2,

VWEF, and PAI-1 were not significantly different between those with and without ECG-LVH. The

reasons for the discrepant result remain uncertain, but racial differences in the circulating levels

of hemostatic factors and their impact on CVD events may exist.?%
Sleep . . Natriuretic Salt
Angiotensin Aldosterone . o
apnea peptide sensitivity
: ) High 24-hour BP Abnormal
Circulating .
norepinephrine hemostatic
pinep \ X factors
level
ECG-LVH
X | >
j( Interaction between ECG-LVH and high
! 24-hour BP on CVD events
\V V Interaction between ECG-LVH and
CVD events circulating norepinephrine on CVD events

Figure 4. Schematic draw illustrating the association between cardiovascular risk factors and

CVD events. Abbreviations:

BP, blood pressure;
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In the present study, the association between ECG-LVH and CVD events could not be
explained by high 24-hour SBP, higher nocturnal SBP, and higher circulating levels of
norepinephrine and hemostatic factors. Other potential mechanisms unmeasured in the present
study include sleep apnea,®® neurohumoral factors (e.g., circulating levels of angiotensin,

6256 and salt sensitivity.®” These factors have been shown to

aldosterone, and natriuretic peptide),
share common etiology of LVH and CVD events, and thus further investigations are required to
determine whether the association between ECG-LVH and CVD events observed in the present

study is independent of these uncontrolled factors (Figure 4).64"

There are several limitations in the present study. First, the number of CVD events was
small, so we could not separate CVD events into stroke (or its subtypes) and myocardial
infarction. Second, some patients received antihypertensive medication during follow-up, which
could have led to underestimate true association between ECG-LVH and CVD events. Third,
during the follow-up, 49 patients died; among them, 29 patients died from non-myocardial
infarction or nonstroke, which may compete as outcomes. In other words, individuals may not
experience myocardial infarction or stroke events for which they are destined if death occurs first.
Fourth, we did not assess how many patients declined our offer to participate in the present study,
suggesting the possibility of a selection bias. Lastly, our study patients were recruited from
outpatients at clinics or hospitals in selected areas, so that our results may not be generalized to

other race/ethnic populations or even other Japanese hypertensive elderly individuals.
6. Conclusions
Among older hypertensive patients, those with ECG-LVH had higher 24-hour and

nocturnal SBP, and higher circulating norepinephrine levels compared to those without ECG-
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LVH. ECG-LVH was associated with a higher risk for CVD events, and the association was
independent of higher 24-hour BP, nocturnal SBP, and circulating norepinephrine levels and

other risk factors.
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