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Abstract

Objective: To investigate the relationship between morning hypertension (MH) and T-peak to T-end interval (Tp-e 
interval) in patients with suspected coronary heart disease. 
Methods: Patients with typical symptoms of coronary heart disease were examined by ambulatory blood monitor-
ing, electrocardiogram, echocardiography, and coronary angiography, and were assigned to two groups on the basis 
of blood pressure: an MH group and a morning normotension (MN) group. The following data were collected and 
compared: basic characteristic, Tp-e interval, corrected QT (QTc) interval, echocardiography parameters, and Gensini 
score of the two groups.
Results: Three hundred fifty-eight patients, with a mean age of 64 years (54.1% men), were divided into the MH 
group (n=170) and the MN group (n=188). Tp-e interval (84.52±14.77 ms vs. 65.19±19.03 ms, P<0.001), QTc 
interval (416.21±29.59 ms vs. 401.70±36.10 ms, P<0.001), left ventricular mass index (121.42±10.97 g/m2 vs. 
105.63±17.10 g/m2, P<0.001), and Gensini score (72.12±32.90 vs. 39.47±29.32, P<0.001) were significantly in-
creased in the MH group compared with the MN group. Morning systolic blood pressure (r=0.678, P<0.001), morn-
ing diastolic blood pressure (r=0.404, P<0.001), Gensini score (r=0.513, P<0.001), and left ventricular mass index 
(r=0.646, P<0.001) were correlated with Tp-e interval.
Conclusion: Tp-e interval is correlated with morning systolic blood pressure and diastolic blood pressure in patients 
with coronary heart disease. More research on how the Tp-e interval changes after control of MH is necessary.
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Introduction

Morning hypertension (MH) prevails in 21.5% 
of the population older than 65 years on the basis 

of an investigation of 15,618 patients [1], and 
has been a significant predictor of cardiovascular 
events and target organ damage [2]. Normal blood 
pressure exhibits circadian rhythm, and systolic 
and diastolic blood pressures are 10–20% higher 
during awakening than during sleep [3]. Morning 
blood pressure is defined as the results of home 
blood pressure monitoring or the ambulatory blood 
pressure recorded within 2 h after wake up or 
blood pressure from 6:00 a.m. to 10:00 a.m., and 
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the criterion of MH based on home blood pres-
sure monitoring is 135/85 mmHg or greater or an 
average blood pressure in the morning of 135/85 
mmHg or greater [4, 5].

The peak to the end of the T wave (T-peak to T-end 
interval, Tp-e interval) is a novel index to predict 
sudden cardiac death and an index for ventricular 
repolarization dispersion [6]. Pierdomenico et al. 
[7] reported that the severity of coronary artery dis-
ease is positively correlated with Tp-e interval. MH 
as assessed by ambulatory blood pressure monitor-
ing or home blood pressure measurements is sig-
nificantly associated with cardiovascular events 
in adults [2]. However, the impact of MH on Tp-e 
interval remains unclear.

Kaneda et al. [8] found that MH causes a certain 
degree of ventricular remodeling and ventricular 
hypertrophy. Structural remodeling is accompanied 
by electrical remodeling, including great changes 
in the expression of voltage-gated depolarizing 
and repolarizing ionic currents, which results in 
decreased cardiomyocyte repolarization capacity 
and inconsistent ventricular muscle contractions, 
which would increase transmutable repolarization 
dispersion and influence Tp-e interval [8]. Here we 
aimed to investigate the relationship between MH 
and Tp-e interval.

Methods

Study Participants

We prospectively analyzed data collected from 
Henan Provincial People’s Hospital from October 
1, 2015, to April 1, 2016. The inclusion criteria 
were as follows: (1) patients older than 50 years; 
(2) typical symptoms of angina pectoris, heart 
palpitations, and chest tightness; (3) admission 
diagnosis of coronary heart disease, including sta-
ble coronary heart disease or acute coronary syn-
drome; (4) normal heart function. We excluded 
patients with a history of hypertension, arrhyth-
mias, heart failure, diabetes, percutaneous coro-
nary intervention, coronary artery bypass graft, 
renal insufficiency, or obstructive sleep apnea 
syndrome. Informed consent was obtained from 
all patients.

Collection of Baseline Characteristics

The following clinical characteristics were col-
lected: age, gender, smoking status, drinking status, 
body mass index (BMI), heart rate, fasting blood 
glucose (FBG) level, triglyceride level, total cho-
lesterol level, high-density lipoprotein cholesterol 
(HDL-C) level, low-density lipoprotein cholesterol 
(LDL-C) level, and serum creatinine level.

Measurement of Blood Pressure

According to the results of ambulatory blood pres-
sure monitoring, we calculated the average morn-
ing systolic blood pressure (MSBP) and morning 
diastolic blood pressure (MDBP) from 6:00 a.m. to 
10:00 a.m. The patients were divided into an MH 
group (average blood pressure ≥135/85 mmHg) 
and a morning normotension (MN) group 
according to the US and European guideline  
recommendations [9].

Electrocardiography

Standard 12-lead electrocardiograms were 
recorded by 24-h Holter monitoring. The QT 
intervals of leads V1-V5 were measured from 
the beginning of the QRS complex to the end of 
the T wave. The corrected QT (QTc) interval was 
obtained with Bazett’s formula (QTc interval=QT 
interval/√RR interval) [10]. Tp-e interval was 
measured from the peak to the end of the T wave. 
The end of the T wave was defined as the intersec-
tion of the tangent to the downslope of the T wave 
and isoelectric line [11].

Echocardiography

All patients were examined by two-dimensional 
echocardiography. Left ventricular end-diastolic 
diameter (LVDd), interventricular septum thick-
ness (IVST), and left ventricular posterior wall 
thickness (LVPWT) were recorded. Left ven-
tricular mass (LVM) and LVM index (LVMI) 
were calculated from the following formula: 
LVM=0.8×1.04[(LVDd+ IVST+LVPWT)³−
(LVDd)³]+0.6, where LVMI=LVM/body surface 
area. LVMI was used as an index of myocardial 
hypertrophy [12, 13].
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Coronary Angiography

Coronary angiograms of the patients were obtained 
by two cardiologists with more than 10 years’ 
experience. All patients underwent coronary angi-
ography via the right radial artery. The coronary 
angiogram severity was evaluated by the Gensini 
score: Gensini score=stenosis score×localization 
score (Table 1) [14].

Statistical Analysis

All statistical analyses were performed with 
IBM SPSS Statistics version 22.0 (IBM, USA). 
Continuous variables were expressed as the 
mean±standard deviation and compared by the t test. 
Categorical variables were expressed as the number 
(and percentage) and compared by chi-square sta-
tistics. Pearson correlation was used for coefficients 
of correlation between Tp-e interval and other vari-
ables. Multivariate regression analysis was used to 
estimate the independent effects of various measures, 
including blood pressure, Gensini score, and LVMI, 
on Tp-e interval. P<0.05 was considered significant.

Results

Baseline Characteristics

As shown in Table 2, the 358 patients were divided 
into two groups: the MH group (n=170) and the MN 
group (n=188). There were no significant differences 
between the two groups in terms of age, sex, BMI, 

heart rate, FBG level, total cholesterol level, triglyc-
eride level, HDL-C level, LDL-C level, serum creati-
nine level, and medication use (P>0.05). There were 
180 normotensive patients and 178 untreated hyper-
tensive patients according to ambulatory blood pres-
sure monitoring. MSBP (152.56±16.18 mmHg vs. 
119.45±11.53 mmHg, P<0.001), MDBP (88.22±11.11 
mmHg vs. 76.86±9.89 mmHg, P<0.001), LVMI 
(121.42±10.97 g/m2 vs. 105.63±17.10 g/m2, P<0.001), 
and Gensini score (72.12±32.90 vs. 39.47±29.32, 
P<0.001) were significantly different between the  
MH group and the MN group. Electrocardiography 
showed that Tp-e interval (84.52±14.77 ms vs. 
65.19±19.03 ms, P<0.001) and QTc interval 
(416.21±29.59 ms vs. 401.70±36.10 ms, P<0.001) 
were significant longer in the MH group than in the 
MN group. Coronary stenosis was more serious in 
the MH group. There were more patients with two-
vessel disease (17.32% vs. 12.29%, P=0.007) and 
three- vessel disease (13.41% vs. 8.38%, P=0.005) in 
the MH group, but more patients with normal vessels 
(1.96% vs. 7.82%, P<0.001), coronary thrombosis 
(2.51% vs. 6.70%, P=0.02) and single-vessel disease 
(12.29% vs. 17.32%, P=0.14) in the MN group.

Pearson Correlation Coefficients Between 
Baseline Characteristics and Tp-e Interval

Table 3 shows the univariate correlations between 
Tp-e interval and several clinical variables. MSBP 
(r=0.678, P<0.001), MDBP (r=0.404, P<0.001), 
LVMI (r=0.640, P<0.001), and Gensini score 
(r=0.517, P<0.001) were positively correlated 

Table 1 Gensini Scoring.

Stenosis Score Localization Score

1–25% 1 LM 5.0
26–50% 2 Proximal LAD and LCX 2.5
51–75% 4 Middle LAD and LCX 1.5
76–90% 8 Distal LAD and LCX 1.0
91–99% 16 First diagonal branch and first obtuse marginal branch 1.0
100% 32 RCA 1.0

PDA 1.0
Second diagonal branch and second obtuse marginal branch 0.5

LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main coronary artery; PDA=posterior descending 
artery; RCA, right coronary artery.



L. Wei et al., Relationship Between Morning Hypertension and T-Peak to T-End Interval410

Table 2 Baseline Characteristics.

Variables  Morning hypertension 
group (n=170)

 Morning normotension 
group (n=188)

 P

Male (%)  23.18  28.21  0.35
Age (years)  64.74±7.23  64.23±9.27  0.57
HR (bpm)  66.31±12.13  67.18±11.80  0.49
BMI (kg/m²)  23.07±2.61  23.52±2.24  0.08
Blood pressure    
 MSBP (mmHg)  152.56±16.18  119.45±11.53  <0.001
 MDBP (mmHg)  88.22±11.11  76.86±9.89  <0.001
Laboratory tests    
 FBG (mmol/L)  5.99±0.92  6.01±0.76  0.76
 TC (mol/L)  1.33±1.45  1.35±0.16  0.21
 TG (mol/L)  5.31±0.54  5.34±0.57  0.66
 LDL-C (mmol/L)  2.55±0.55  2.48±0.62  0.28
 HDL-C (mmol/L)  1.39±0.37  1.40±0.27  0.86
 Creatinine (mmol/L)  82.32±8.87  83.09±10.18  0.44
History    
 Smoker (%)  25.70  28.49  0.52
 Drinker (%)  20.95  23.18  0.09
 Hypertension (%)  28.49  21.23  <0.001
Medication use    
 ACEI/ARB (%)  16.20  12.01  0.02
 β-Blockers (%)  4.47  3.35  0.29
 CCB (%)  3.35  3.07  0.64
 Diuretics (%)  3.35  2.79  0.49
 Antiplatelet drug (%)  41.9  33.52  <0.001
Echocardiography    
 EF (%)  60.56±8.32  62.35±10.18  0.21
 LVMI (g/m²)  121.42±10.97  105.63±17.10  <0.001
Electrocardiography    
 Tp-e interval (ms)  84.52±14.77  65.19±19.03  <0.001
 QTc interval (ms)  416.21±29.59  401.70±36.10  <0.001
Coronary angiography    
 Normal (%)  1.96  7.82  <0.001
 Coronary thrombosis (%)  2.51  6.70  0.02
 Single-vessel disease (%)  12.29  17.32  0.14
 Two-vessel disease (%)  17.32  12.29  0.007
 Three-vessel disease (%)  13.41  8.38  0.005
 Gensini score  72.12±32.90  39.47±29.32  <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CCB, calcium 
channel blocker; EF, ejection fraction; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; HR, heart 
rate; LDL-C, low-density lipoprotein cholesterol; LVMI, left ventricular mass index; MDBP, morning diastolic blood pressure; 
MSBP, morning systolic blood pressure; QTc interval, corrected QT interval; TC, total cholesterol; TG, triglycerides; Tp-e 
interval, T-peak to T-end interval.

with Tp-e interval after adjustments for age, sex, 
BMI, serum creatinine level, and blood lipid 
level. A scatter plot is shown in Figure 1. Heart 

rate, BMI, FBG level, total cholesterol level, and 
HDL-C level were negatively correlated with Tp-e 
interval.
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Figure 1 Scatter Plots of T-peak to T-end Interval (Tp-e Interval) in Morning Systolic Blood Pressure (MSBP) and Morning 
Diastolic Blood Pressure (MDBP).

Table 3 Pearson Correlation Coefficients Between Base-
line Characteristics and T-peak to T-end Interval.

Variables Tp-e interval (r) P

Male/female 0.039 0.46
Age 0.049 0.36
MSBP 0.678 <0.001
MDBP 0.404 <0.001
HR −0.056 0.30
BMI −0.003 0.96
FBG level −0.040 0.45
TC level −0.060 0.26
TG level 0.036 0.50
LDL-C level 0.043 0.42
HDL-C level −0.009 0.86
Creatinine level 0.010 0.85
Smoker 0.078 0.14
Drinker 0.124 0.01
LVMI 0.646 <0.001
Gensini score 0.513 <0.001

BMI, body mass index; FBG, fasting blood glucose; HDL-C, 
high-density lipoprotein cholesterol; HR, heart rate; LDL-C, 
low-density lipoprotein cholesterol; LVMI, left ventricular 
mass index; MDBP, morning diastolic blood pressure; MSBP, 
morning systolic blood pressure; TC, total cholesterol; TG, 
triglycerides; Tp-e interval, T-peak to T-end interval.

Multivariate Predictors for Tp-e Interval 
Correlation with MSBP, MDBP, Gensini 
Score, and LVMI

As shown in Table 4, Tp-e interval was affected 
by MSBP (F=0.331, P<0.001), LVMI (F=0.466, 
P<0.001), and Gensini score (F=0.088, P<0.001). 

MSBP was the most important factor affecting Tp-e 
interval according to the standardized coefficients. R2 
suggested that the three independent variables could 
explain 45.8% of the variation of Tp-e interval, indi-
cating that the final model fitted the data well.

Discussion

We found that morning blood pressure was positively 
correlated with Tp-e interval, after adjustment for 
confounding factors, including age, sex, BMI, blood 
lipid level, and smoking. LVMI and coronary artery 
lesion were also closely related to Tp-e interval. 
MH refers to average blood pressure in the morn-
ing greater than 135/85 mmHg. Since blood pres-
sure increases in the morning, this kind of increase 
is related to target organ damage and cardiovascular 
events [4, 5]. Matsui et al. [15] showed that patients 
with MH have left ventricular hypertrophy and their 
left ventricular hypertrophy index is also higher than 
that in individuals with normal morning blood pres-
sure. Repolarization time increases in hypertrophied 
myocytes, the repolarization time from epicardium 
to endocardium is extended. The repolarization time 
increases from epicardial to endocardia when the 
left ventricular hypertrophy index is high and the 
dispersion of ventricular repolarization is increased, 
so Tp-e interval increases in the electrocardiogram 
[16]. Our study also showed that the MH group 
had higher LVMI and a prolonged Tp-e interval. 
Correlation analysis showed that LVMI is positively 
correlated with Tp-e interval.
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Pierdomenico et al. [17] showed that MH is a risk 
factor for coronary heart diseases. Bachmann et al. 
[6] reported that the degree of coronary stenosis is 
greater and the Tp-e interval is longer in MH patients 
[6]. Haarmark et al. [16] showed that in myocardial 
infarction patients who undergo percutaneous coro-
nary intervention (PCI), pre-PCI Tp-e interval pre-
dicted post-PCI all-cause mortality [16]. So, Tp-e 
interval is prolonged by left ventricular hypertrophy 
or coronary ischemia. Our results showed that the 
severity of coronary artery stenosis was greater and 
the Gensini score was higher in the MH group, both 
of which were positively correlated with Tp-e inter-
val. Therefore the rate of cardiovascular events will 
not be reduced if morning MH is not controlled [2, 
17]. The metabolic and electrochemical changes that 
occur during myocardial ischemia include alterations 
of tissue oxygen levels, pH, and intercellular and 
intracellular electrochemical gradients. Action poten-
tial duration in the ischemic zone increases slightly. 
This is caused by the reductions of transmembrane 
potential, action potential amplitude, and upstroke 
velocity, resulting in repolarization dispersion and 
increased Tp-e interval that is arrhythmogenic [18].

Although the mechanisms by which MSBP is 
associated with Tp-e interval remain unclear, it is 
known that neurohumoral activation of the sym-
pathetic nervous system and the renin-angiotensin 
system results in an increase cortisol production in 
the morning and elevation of morning blood pres-
sure [19–21]. This phenomenon is also affected by 
various psychological and physical stress condi-
tions [22]. In normal individuals, the blood pres-
sure reduces by 10–20% at night compared with 
the mean value in the daytime, and the renin-angi-
otensin-aldosterone system is activated to pro-
duce renin and angiotensin II in the morning [3]. 

This phenomenon is a physiological adjustment to 
compensate for the change from sleep to wake in 
healthy individuals, but excessive compensation 
leads to target organ damage, such as left ventricular 
myocardial hypertrophy [2, 8]. In our study, LVMI 
increased in patients with MH and was positivity 
correlated with morning blood pressure. Ikeda et al. 
[23] reported that the rise of morning blood pressure 
is a dominant predictor of left ventricular hyper-
trophy. Kaneda et al. [8] showed that high morn-
ing blood pressure leads to ventricular remodeling, 
ventricular hypertrophy, and subsequently transmu-
ral electrical heterogeneity. Similar to their study 
results, we also discovered that LVMI was related 
to Tp-e interval [24–26]. Tp-e interval has been used 
as a noninvasive index of transmural repolarization 
dispersion to reflect a difference between the longest 
action potential duration across the ventricular wall 
[27, 28]. Left ventricular hypertrophy affects action 
potentials of cardiomyocytes in various manners, 
facilitates the inconsistent ventricular repolarization 
of hypertrophy myocyte, increases ventricular repo-
larization dispersion, and prolongs the Tp-e interval 
and increases repolarization parameters [24].

Both Tp-e interval and QT interval reflect ven-
tricular repolarization dispersion. QTc interval was 
also significantly increased in patients with MH 
and correlated with LVMI in our study. QT inter-
val is an index highly correlated with sudden car-
diac death. Our results showed that QTc interval 
was extended in the MH group and was related to 
morning blood pressure. However, prolonged Tp-e 
interval was significantly and independently asso-
ciated with increased risk of sudden cardiac death. 
QTc interval is either normal or less reliable owing 
to prolonged QRS duration or at higher heart rates 
[29]. Furthermore, there was a strong correlation 

Table 4 Multivariate Predictors for T-peak to T-end Interval Correlation with Morning Systolic Blood Pressure, Morning 
Diastolic Blood Pressure, Gensini Score, and Left Ventricular Mass Index.

Variables Regression 
coefficient

Partially adjusted 
r2 

Sum of adjusted 
r2

P

MSBP (r) 0.331 45.8% 45.8% <0.001
MDBP (r) 0.011 0% 45.8% 0.147
LVMI 0.466 10.6% 56.4% <0.001
Gensini score 0.088 1.4% 57.8% <0.001

LVMI, left ventricular mass index; MDBP, morning diastolic blood pressure; MSBP, morning systolic blood pressure; 
r,  correlation coefficient; r2, decisive coefficient.
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between Tp-e interval and global dispersion of 
repolarization during sympathetic nerve stimulation 
[30]. This indicates that an increase of Tp-e interval 
may be a reflection of increased sympathetic nerve 
activation, which is reported to increase the risks of 
arrhythmias and sudden cardiac death [31, 32]. So, 
proactive morning blood pressure control delays the 
development of ventricular hypertrophy.

Morning blood pressure remains the blind spot 
of blood pressure management, although in recent 
years great achievements have been made in the 
diagnosis and treatments of hypertension. Ishikawa 
et al. [33] confirmed that 60% of patients with clini-
cally measured blood pressure are under control, but 
morning blood pressure is not effectively controlled. 
Therefore we should actively control morning blood 
pressure and use long-acting antihypertensive drugs 
in patients with coronary heart disease.

Limitations

Firstly, we could not record how Tp-e interval was 
changed after the taking of antihypertension drugs 
and percutaneous coronary intervention. Secondly, 

morning blood pressure is affected by other fac-
tors, such as race, and is reported to be higher in 
the Japanese population than the US population and 
the European population [34, 35]. Thirdly, since 
this was a single-center study, the findings should 
be confirmed in larger simple and multicenter trials.
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