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ABSTRACT
Objective: We aimed to investigate the effects of autonomic and left ventricular functional and structural changes on QT interval and
dispersion differences between normal and prehypertensive patients.
Methods: A total of 291 normotensive patients (<140/90 mmHg) (135 males, age range: 16-75 years, mean age: 45±11 years; 156 females, age
range: 17-71 years, mean age 38±10 years) were enrolled into this cross-sectional case-controlled study. Patients were categorized into two
groups according to their blood pressure (BP) levels as Group 1 - patients with normal BP (<120/80 mmHg) or Group 2 - patients with
prehypertensive BP (120-139/80-89 mmHg). We evaluated autonomic states by using heart rate variability measurements. Left ventricular structure and functions were evaluated by using Doppler echocardiography in both normal and prehypertensive BP groups regarding their effect
on QT intervals and QT dispersion. Statistical analyses (Student’s t and Mann-Whitney U tests) were used to evaluate the differences in QT
intervals and QT dispersion between the BP groups.
Results: There were statistically significant differences between the two BP groups with respect to QT intervals and QT dispersion (for QT min,
p<0.001, QTc min, p<0.001 and QT dispersion, p<0.001). We also detected that prehypertensive patients had increased sympathetic activity and
slightly impaired left ventricular systolic and diastolic function (for low frequency power / high frequency power ratio -p=0.029, left ventricular
ejection fraction - p=0.054, and transmitral peak A wave velocity - p<0.001).
Conclusion: QT interval and dispersion differences are present in prehypertension. Moreover, these differences are independent of left ventricular mass. Autonomic changes can be effective on these differences between the patient groups. (Anadolu Kardiyol Derg 2009; 9: 15-22)
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ÖZET
Amaç: Bu çal›ﬂmada normal ve prehipertansif (PHT) hastalar aras›nda QT interval ve dispersiyonu farkl›l›klar›n›, sol ventrikül (SV) yap› ve fonksiyonlar› ile
otonomik fonksiyon farkl›l›klar›n›n etkisini de göz önüne alarak incelemeyi amaçlad›k.
Yöntemler: Toplam 291 normotansif (<140/90 mmHg) hasta enine kesitli ve vaka kontrollü bu çal›ﬂmaya al›nd› (135 erkek, yaﬂ aral›¤›: 16-75, ortalama yaﬂ: 45±11; 156
kad›n, yaﬂ aral›¤›: 17-71, ortalama yaﬂ: 38±10 y›l). Hastalar kan bas›nc› (KB) düzeylerine göre, normal KB (<120/80 mmHg) ve PHT KB (120-139/80-89 mmHg) olmak
üzere 2 gruba ayr›ld›. Normal ve prehipertansif KB’na sahip hastalarda QT interval ve dispersiyonu, otonomik fonksiyonlar, SV yap› ve fonksiyonlar› aras›ndaki
farkl›l›klar› incelemek amac›yla istatistiksel analizler (eﬂleﬂtirilmemiﬂ t ve Mann Whitney U testleri) yap›ld›. Otonomik fonksiyonlar›n de¤erlendirilmesinde kalp h›z›
de¤iﬂkenli¤i ölçümleri kullan›ld›. Sol ventrikül yap› ve fonksiyonlar› Doppler ekokardiyografi ile de¤erlendirildi. Çal›ﬂma sonuçlar› karﬂ›laﬂt›r›larak, normal KB ve PHT
KB’na sahip olan hastalarda QT intervali ve dispersiyonu ile SV yap›s›, fonksiyonlar› ve otonomik fonksiyonlar›n olas› iliﬂkileri incelendi.
Bulgular: Normal KB ve PHT KB’na sahip hastalar aras›nda QT intervali ve dispersiyonu aç›s›ndan önemli farklar saptand› (QT minimum için, p<0.001; QTc
minimum için, p<0.001 ve QT dispersiyon için, p=0.002). Ayr›ca PHT olan hastalarda SV sistolik ve diyastolik fonksiyonlar›nda hafifçe bozulma ve sempatik aktivitede art›ﬂ izlendi (Düﬂük frekans de¤eri/Yüksek frekans de¤eri oran› için p=0.029; SV ejeksiyon fraksiyonu için p=0.054 ve transmitral pik A dalga h›z› için, p<0.001).
Sonuç: Normal ve PHT KB sahip hastalar aras›nda QT intervali ve dispersiyonu aç›s›ndan önemli farkl›l›klar mevcuttur. Her iki grup aras›ndaki sol ventrikül
yap› ve fonksiyonlar› ile otonomik fonksiyon farkl›l›klar› da bu sonuç ile ba¤›nt›l›d›r. (Anadolu Kardiyol Derg 2009; 9: 15-22)
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Introduction
QT intervals are the electrocardiographic measurements
of cardiac depolarization and repolarization periods. QT intervals
and QT dispersion especially reflect the ventricular
repolarization (VR) time and homogeneity. On the other hand, VR
is a vulnerable period for the appearance of ventricular
arrhythmias (1-4). Pathologic conditions that can cause a VR
abnormality can also cause increased morbidity and mortality,
especially due to increased incidence of ventricular arrhythmias
(5-9, 10, 11). Several studies have shown that QT dispersion is
valuable for predicting arrhythmias and morbidity and mortality
in most pathologic conditions (5-9), among which hypertension is
one of the most important due to its high prevalence and
complications. Hypertension often leads to an increase in left
ventricular mass (LVM) (12). Marked left ventricular hypertrophy
(LVH) is associated with potentially arrhythmogenic VR
abnormalities, which may contribute to the increased risk of
sudden cardiac death in this disorder (12-15). Some recent
studies have also shown that prehypertension (PHT) is not
innocent because of the adverse effects and comorbidities.
Several studies have shown that normotensive blood pressure
(BP) levels have non-homogeneous characteristics (14-18).
Moreover, patients with a high normal BP [According to
European Society of Cardiology (ESC)](14) or PHT [According to
Joint National Committee (JNC) 7] (15) have higher risk for
hypertension than those with a normal BP. Prehypertension is
considered a precursor of hypertension and a predictor of
excessive cardiovascular risk (14-16). Additionally, some studies
have shown impaired LV structure, systolic and diastolic
functions and aortic elastic properties in subjects with
prehypertensive BP levels (17, 18). Left ventricular structure,
functions and inevitably QT interval have close relationship with
autonomic activities (18, 21-30). Moreover, impaired autonomic
functions were shown as an independent effective factor on QT
intervals (29, 30).
Although the relationship between QT interval and high BP is
well known for hypertensive BP levels, there are few data about
the relationship among QT interval and QT dispersion alterations
in normotensive BP levels from the point of the effects of
autonomic and left ventricular functional and structural changes.
In this study, we aimed to investigate the effects of
autonomic and left ventricular functional and structural changes
on QT interval and dispersion differences between normal and
prehypertensive patients.

Methods
Study Design. The study design was cross-sectional and
case-controlled. The sample size for the study was defined with
power of the study of 80% and significance level of 5% (2, 31, 32).
Patient Selection. Patients admitted to the hospitals for
general health examination were diagnosed and classified
according to the hypertension guideline of the Joint National
Committee 7 (JNC 7) after detailed history and physical
examination (15). Only those patients with BP <140/90 mmHg
were selected for the study. During the study period,
consecutively 985 patients were examined and finally a total of
291 patients were enrolled into the study after exclusion criteria.
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It is well known that normotensive BP is categorized in two
separate levels as normal BP (<120 mmHg systolic and <80
mmHg diastolic) and PHT BP (120-139 mmHg systolic and 80-89
mmHg diastolic) by JNC7 (16).
Concordantly, in our study, all patients were classified as
either Group 1: Normal BP (<120/80 mmHg) (n=110) or Group 2:
Prehypertensive BP (120-139/80-89 mmHg) (n=181).
Patients with acute or chronic renal dysfunction, diabetes
mellitus, hypertension (≥140/90 mmHg), white coat hypertension
(elevated office BP + normal BP out of the office), or masked
hypertension (normal office BP + elevated BP out of the office)
were excluded from the study. Moreover, patients with
metabolic syndrome, impaired glucose tolerance, heart failure
(ejection fraction [EF] <50%), valvular heart disease,
cardiomyopathies, aortic disease (Marfan’s syndrome,
coarctation of aorta, aortic aneurysm or aortic surgery, etc.),
history of coronary artery disease or proven coronary artery
disease at coronary angiography or noninvasive tests, familial
hyperlipidemia, asthma or chronic obstructive lung disease,
morbid obesity [body mass index (BMI)>40kg/m2], pregnancy or
taking oral contraceptives, concurrent therapy with medications
that might affect BP, connective tissue disorders, neurological
problems, psychiatric diseases, endocrine diseases, alcohol or
drug abuse, and use of medications for hormonal treatment
within the last six months were excluded from the study.
Patients with pathologic echocardiographic findings and
electrocardiographic abnormalities including ischemia, previous
infarction, bundle branch block, atrial fibrillation, sick sinus
syndrome and ventricular pre-excitation were also not included
in the current study.
Patients who fulfilled these criteria and who provided written
informed consent were included in the study. The study was
approved by the Local Ethical Committee.
Biochemical and Hormonal Analysis. We performed
biochemical and hormonal analysis to investigate pathological
results, which were pointing out any exclusion criteria.
Laboratory work-up involved detailed biochemical analysis
(glucose, lipid profile, thyroid, renal and liver function tests,
electrolytes) and complete blood count. A fasting blood sample
was drawn between 08.00 and 10.00 hours.
Anthropometric Measurements. Height (m): height was
recorded with a wall mounted stadiometer to the nearest 0.1 cm
without shoes.
Weight (kg): weight was measured with calibrated digital
scale to the nearest 0.1 kg in the morning before eating or
drinking anything.
Waist circumference (cm) and hip circumference (cm) were
obtained by using a cloth tape. Waist circumference was
measured during minimal respiration to the nearest 0.1 cm. The
waist was defined as the midpoint between the highest point of
the iliac crest and the lowest part of the costal margin in the
midaxillary line, and the hips were measured at the level of the
greater femoral trochanters (33).
Body mass index was calculated by dividing weight (in
kilograms) by height (in square-meters) (kg/m2).
Blood Pressure Measurements. Patients were informed to not
smoke or consume caffeinated beverages or to perform excessive
physical activity throughout the 3 hours prior to BP measurements.
Blood pressure was measured three times for each patient with
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a standard mercury sphygmomanometer on the right arm in sitting
position following a 10-minute rest. Phase I and V Korotkoff sounds
were used to determine systolic and diastolic BP measurements. In
each patient, measurements were performed in the same room and
at the same time of the day by a paramedic. The average of three
measurements was used for the analyses.
Echocardiographic Examination. Transthoracic echocardiography was performed by using Ge-Vivid 7 Pro 2.5 MHz probe
(General Electric, Florida, USA) in the left lateral
decubitus position in a standard manner. Echocardiographic
measurements were made on the screen by two cardiologists
not aware of the patients’ clinical data. M- mode tracings of the
left ventricle were obtained in the parasternal long-axis views at
a speed of 50 mm/sec. Five consecutive cardiac cycles were
averaged for every echocardiographic measurement.
Interventricular septum systolic and diastolic diameters [IVSDs,
IVSDd], left ventricular internal systolic and diastolic diameters
[LVIDs, LVIDd], left ventricular mass index [LVMI], aortic systolic
diameter [AOd] (from sinotubular junction), and left atrial systolic
diameter [LAd] were calculated from the parasternal long-axis
view according to standard criteria. Left ventricular enddiastolic volume (LVEDV), end-systolic volume (LVESV),
fractional shortening (FS) and EF were measured by software
using the Teichholz formula (20). The LVM was calculated
according to Devereux formula (19) and LVMI was obtained by
LVM divided by body surface area.
The transmitral diastolic flow Doppler tracing was obtained
from the apical four- chamber view by using pulsed Doppler
echocardiography with the sample volume size of 1 to 2 mm
between the tips of the mitral valve during diastole. To measure
isovolumetric relaxation time (IVRT), a 3- to 4-mm size sample
volume was placed in the area of the mitral leaflet tips. Next, the
transducer beam was angulated toward the left ventricular
outflow tract until aortic valve closure appeared above and
below the baseline. The peak early transmitral filling during early
diastole (E), peak transmitral atrial filling velocity during late
diastole (A), deceleration time (DT) (time elapsed between peak
E velocity and the point where the extrapolated deceleration
slope of the E velocity crosses the zero baseline), and IVRT (time
period between the end of mitral diastolic flow Doppler tracing
and the starting point of aortic flow Doppler tracing) were used
to assess left ventricular diastolic functions. TEI index was
calculated as a myocardial performance index by using (IVRT +
IVCT)/EJT formula (18) (IVCT: Isovolumetric contraction time;
EJT: Ejection time).
Electrocardiography (ECG) and QT Interval Measurements:
After the skin was rubbed, electrodes were applied, and
12-channel ECG was then obtained (Cardioline Delta1 plus,
Remco, Italy). When the QT intervals were calculated,
•
ECG paper speed was 50 mm/sec ,
•
Three QT intervals were measured in every lead,
•
We used the slope intercept technique to identify the
end of the T wave (The slope intercept technique identifies the
end of the T wave as the intercept of the line tangential to the
point of maximum T wave down-slope with the isoelectric line)
(1, 2, 34).
QTc minimum and QTc maximum values were then
calculated by using Bazett’s formula (QTc= QT / √¯R-R) (1).
QT dispersion (QT max -QT min) was also calculated.
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We also evaluated the T wave morphologies from 12-channel
ECG recordings. We categorized the T wave morphologies into
three subgroups: positive, flat or biphasic and negative.
All measurements were performed by two separate
observers who were unaware of each other’s results. In case of
contradictory results, these measurements were performed by a
third observer.
Heart Rate Variability (HRV) Measurements and Indirect
Autonomic State Evaluations.
HRV measurements are related with R-R variations of a
certain time period. It is well known that these measurements
can reflect changes in autonomic states indirectly (35).
Measurement of 24-Hour HRV: Afterwards the clinical and
laboratory tests ended, a Holter device was affixed and starting
time was adjusted to second sensitivity and when the recording
time ends (24 hours) measurement of 24-hour HRV was performed. Recordings were performed with 24-hour Holter monitoring and analyzed with Delmar-Impresario System (DelmarImpresario Medical Systems, Irvine, California, USA). While evaluating the analyzed data, standard measurement criteria were
utilized as stated by Task Force Report in 1996 (36).
The pNN50 and rMSSD was analyzed as the time domain
HRV variables. The pNN50 was described as percentage of
differences between successive RR intervals that are >50
milliseconds, computed over the 24- hour recording. The rMSSD
was described as square root of the mean differences between
successive RR intervals. The unit of the time domain
measurement is milliseconds (msec) (36).
Power spectral (frequency) analysis of HRV was also
performed using a fast Fourier transform to break down the time
series to its underlying periodic function. Total power (TP) was
defined as the energy in the heart period power spectrum from 0 to
0.40 Hz. frequencies. The very low frequency (VLF), low
frequency (LF) and high frequency (HF) powers were defined as the
energy in the heart period power spectrum between 0.003 - 0.04 Hz,
0.04 -0.15 Hz and 0.15 - 0.40 Hz, respectively. The unit of the
frequency domain measurements is millisecond square (msec)2 (36).
Then, the LF/HF ratio was calculated. Finally, LF and HF were
also measured in normalized units, which represent the relative
value of each power component in proportion to the total power
minus the VLF component. Normalized LF (LFn) was calculated
as LF power in normalized units LF/(total power-VLF)x100, and
normalized HF (HFn) as HF power in normalized units HF/(total
power-VLF)x100 (36).
The pNN50 and rMSSD reflect parasympathetic activity as the
HF power and HFn in frequency domain data. The LF/HF and LFn
reflect sympathovagal balance and increasing in these ratios are
considered that reflect increased sympathetic activity (36).
Measurement of Day- and Night- time period of HRV: All
frequency domain parameters that mentioned above were
calculated separately for day- and night-time periods in
semi-automated algorithm of Delmar Impresario system®. When
the night period HRV parameters were calculated, only data
during sleep period were taken into consideration. Because of
this, we accepted the time between 23:00-05:59 as a night period
time, and the time between 06:00-22:59 as day period. These periods were set according to HRV recording tool’s characteristics.
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Statistical Analyses
All statistical analyses were performed using SPSS version
15 (SPSS, Chicago, USA). Sample size estimation and power
analysis was performed using MINITAB 15 (Minitab Inc.,
Pennsylvania, USA). Kolmogorov-Smirnov test was used for
determination of the data distribution. Data with normal
distribution were expressed as mean±standard deviation (SD),
and Student’s t test was used for analysis. Data with non-normal
distribution were expressed as median value (25%-75%
percentile), and Mann-Whitney U test was used for analysis. A p
value of <0.05 was accepted as statistically significant.

Results
A total of 291 patients (135 males, age range: 16-75, mean
age: 45±11 years; 156 females, age range: 17-71, mean age: 38±10
years) were enrolled into the study after exclusion criteria.
There were no differences in results of biochemical tests
between the groups (p>0.05).
Furthermore, we did not detect any statistically significant
difference between the groups regarding patient characteristics
(Table 1).
Table 2 shows the differences in echocardiographic
measurements according to BP levels. There were statistically
significant differences between the groups with respect to left
atrium diameter, IVSDs, LVIDs, transmitral atrial filling velocity
during late diastole (transmitral A wave velocity) (p=0.001,
p=0.001, p=0.023 and p<0.001, respectively). Although IVSDd,
LVIDd, LVM and LVMI tended to increase in the prehypertensive
group, no statistically significant differences were determined
between the groups for these values (Table 2).
24-hour, day and night period HRV measurements are shown
in Table 3.
There were increased LF/HF 24 Hour, LFn 24 Hour, LF/HF Night and
diminished pNN50 and HFn 24 Hour values in prehypertensive
patients group (p=0.029, p=0.016, p=0.039, and p=0.042, p=0.016,
respectively).
Table 4 presents differences in QT interval and QT dispersion
measurements according to the BP levels. No differences were
determined between the groups with respect to maximum QT and
QTc intervals (p>0.05 for both). However, statistically significant
differences in minimum QT and QTc intervals between groups were
determined (p<0.001 and p<0.001, respectively). We detected
Table 1. Patient characteristics according to blood pressure level
Parameters

Normal group
(n=110)

Prehypertensive
group (n=181)

p*

Age, years

39.66±11.01

42.70±12.05

NS

Height, cm

165.29±9.16

167.18±7.26

NS

Weight, cm

78.41±14.53

80.17±14.37

NS

Body Mass Index, kg/m2

28.89±6.14

28.74±5.22

NS

Waist, cm

92.67±15.68

95.53±13.15

NS

Hip, cm

92.28±12.95

94.62±11.76

NS

1.00±0.09

1.01±0.09

NS

Waist /Hip ratio
Data are expressed as mean±SD
*- Student’s t test.
NS - non-significant, p>0.05

significant statistical differences in QT dispersion between the
groups (p<0.001). On the other hand, there was no any difference
between the BP groups regarding T wave morphologies (p>0.05)

Discussion
In the present study, we investigated autonomic functions,
echocardiographic features and QT interval measurements at
the same time. We detected that prehypertensive patients had
increased sympathetic activity and slightly impaired left
ventricular systolic and diastolic function. We also found
that there were marked shortenings in minimum QT and QTc
interval and marked prolongations in QT dispersion in the
prehypertensive group compared to the normal group.
Altered electrocardiographic ventricular repolarization,
indicating reduced repolarization reserve and possibly
increased repolarization heterogeneity, is already present in
hypertensive subjects with only mild LVM increase. At
a population level, this may carry important risk implications for
the large group of hypertensive patients (21). Prolonged QT
dispersion-a marker of increased myocardial electrical
instability, was associated with LVH and hypertension and was
related mostly to concentric hypertrophy in hypertensives (22,
23). Systolic BP measured during exercise correlated with QTc
maximum in hypertension (28). QT dispersion has been reported
to increase in patients with essential hypertension, and
abnormal QT dispersion is associated with arrhythmias and
sudden cardiac death (25). Some studies have shown a positive
association between QTc and BP in both men and women. In the
same study, estimated increase in systolic and diastolic BP for
each 100-millisecond increase in QTc was detected as 6.4 and
5.0 mmHg in men and 3.7 and 2.5 mmHg in women, respectively
(26). Although there is a great amount of data in the literature
about the associations among QT intervals, left ventricular
structure, autonomic functions and hypertension, data regarding
these parameters in normotensive BP levels is insufficient.
Zhu H et al. (27) have shown that there were no statistical
differences in the parameters of left-ventricular structure
between normotensive subjects and prehypertensive subjects.
However, in that study, patients’ body mass index and waist
circumference were significantly greater in prehypertensive
subjects than in normotensive subjects (27). On the other hand,
Erdogan et al. (18) reported that left ventricular diastolic function
was slightly impaired in subjects with PHT, and impairment of
aortic elasticity was as severe as that in hypertension.
Concordantly, according to our results, although there was not
statistically significant difference in transmitral E/A ratio, there
was a tendency to decrease for this ratio in PHT group. On the
other hand, there were statistically significant differences
between the BP groups in transmitral A wave velocity, with its
greater values in PHT group. On the other hand, we detected
some structural differences between the BP groups. According
to our study results, LVIDs was greater in PHT group than that of
normal BP group. The FS and EF in PHT group were less than in
the normal BP group, but the differences were not statistically
significant. We considered that, the results of increase in
end-systolic volume and LVIDs in the prehypertensive BP group
were due to the higher global arteriolar stiffness compensated
with augmented left ventricular systolic performance.
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Table 2. Differences in echocardiographic measurements between groups according to BP level
Variables

Normal group (n=110)

Prehypertensive group (n=181)

p

AOd, cm

2.60±0.48

2.68±0.45

NS

LAd, cm

3.16±0.45

3.38±0.48

0.001

IVSDd, cm

0.88(0.79-1.00)

0.91(0.79-1.06)

NS

LVIDd, cm

4.63±0.80

4.78±0.52

NS

LVPWDd, cm

0.91(0.84-1.02)

0.94(0.85-1.08)

NS

IVSDs, cm

1.08(0.96-1.26)

1.25(1.02-1.41)

0.001

LVIDs, cm

2.88±0.53

3.03±0.48

0.023

LVPWDs, cm

1.26±0.76

1.27±0.22

NS

EDV, ml

104.2±31.0

108.4±27.2

NS

ESV, ml

32.4(26.0-40.7)

35.8(26.2-45.7)

NS

SV, ml

70.7±18.7

70.7±16.4

NS

FS, %

37.6(35.1-40.4)

35.9(33.7-39.2)

0.011

EF, %

67.70±5.35

66.45±6.01

0.054

Relative wall thickness, cm

0.42±0.09

0.40±0.08

NS

Mitral deceleration time, msec

215.33±60.78

227.55±75.73

NS

Transmitral e wave velocity, cm/sec

0.83±0.21

0.87±0.19

NS

Transmitral a wave velocity, cm/sec

0.71±0.23

0.78±0.18

<0.001

Transmitral E/A ratio

1.22±0.29

1.16±0.33

NS

IVRT, msec

60.45±14.28

61.80±15.03

NS

IVCT, msec

41.97±11.49

40.96±11.43

NS

Ejection time, msec

280.53±33.03

289.23±39.66

NS

TEI index

0.37±0.07

0.36±0.08

NS

Left ventricular mass, g

156.71±43.96

167.52±46.88

NS

Left ventricular mass index, g/m2

84.18±22.86

87.56±23.17

NS

Normally distributed data are expressed as Mean±SD and Student’s t test is used for comparison
Non-normally distributed data are expressed as Median (minimum-maximum) and Mann-Whitney U test is used for comparison
A- filling due to atrial contraction, AOd- aortic systolic diameter, BP - blood pressure, E- early rapid filling wave, EF- left ventricular ejection fraction, FS- left ventricular fractional shortening, IVCT- isovolumetric contraction time, IVRT- isovolumetric relaxation time, IVSd- interventricular septum diameter (diastolic), IVSs- interventricular septum diameter (systolic),
LAd-left atrial systolic diameter, LVIDd- left ventricular internal diameter (diastolic), LVIDs- left ventricular internal diameter (systolic), LVMI- left ventricular mass index, LVPWd- left
ventricular posterior wall diameter (diastolic), LVPWs- left ventricular posterior wall diameter (systolic), NS- non-significant

At the same time, we detected that, QT min and QTc min
intervals were shorter and QT dispersion was increased in the
patients with PHT compared to those with normal BP level.
Moreover, because there were no differences between the
groups in LVM and relative wall thickness, these findings were
independent of left ventricular structure. Although LVM was
slightly greater in prehypertensive patients, we considered that
LVM differences can not be sufficient to explain the statistically
differences in QT interval and dispersion. Some studies have
shown that QT interval and dispersion measurements are
affected equally by the thickness of all left ventricular regions.
There are also some studies which also showed interventricular
septal thickness was more important for QT intervals (37). In our
study, we also found that IVSDs were greater in PHT group.
Several studies also revealed that IVS could predict future systolic hypertension (38). At this point of view, associations of BP,
IVS and QT intervals gain more significance. It seems that,
pathophysiologic mechanisms of the QT interval changes were

not only attributable to changes in left ventricular structure or
functions, but also coronary flow and autonomic activity
changes can affect the QT interval changes in PHT.
It is well known that, coronary flow is impaired in
prehypertensive patients (39) and this condition might cause QT
interval prolongation and increased QT dispersion (9, 40).
On the other hand, autonomic activity changes can cause
QT interval alterations (41). Several studies have shown that
autonomic dysfunction, impaired nocturnal BP reduction, left
ventricular hypertrophy (LVH), and oxidative stress can cause QT
interval prolongation and increased QT dispersion in hypertension
(24-24, 42, 43).
Prakash et al. (28) showed that patients with recent onset
hypertension and high normal BP (14) had diminished vagal
modulation and higher sympathetic activity during autonomic
tests. On the other hand, Fazio et al. (44) reported that an
exaggerated systolic BP response to exercise was frequent
among prehypertensive subjects and was associated with
cardiovascular remodeling and LVH.
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Table 3. Differences in heart rate and heart rate variability (HRV) measurements between groups according to BP level
Variables

Normal group (n=110)

Prehypertensive group (n=181)

p

Maximal heart rate, beats/min

129±17

126±18

NS

Minimal heart rate, beats/min

54±7

53±7

NS

Mean heart rate, beats/min

77±8

75±10

NS

2.05(1.09-2.98)

2.29(1.49-3.63)

0.029

Frequency Domain Analysis
LF/HF 24 Hour
LF/HF Day

3.41(2.03-4.65)

3.82(2.58-5.15)

NS

LF/HF Night

1.92(0.91-2.85)

2.22(1.42-3.26)

0.039

LFn 24 Hour

0.67(0.51-0.74)

0.70(0.60-0.79)

0.016

HFn 24 Hour

0.33(0.26-0.49)

0.30(0.21-0.40)

0.016

Time Domain Analysis
pNN50, %

9.1(4.3-16.9)

6.8(2.2-13.6)

0.042

rMSSD, ms

36.9(27.7-49.7)

34.8(25.1-48.8)

NS

Normally distributed data are expressed as Mean±SD and Student’s t test is used for comparison
Non-normally distributed data are expressed as Median (minimum-maximum) and Mann-Whitney U test is used for comparison
Heart rate values are the data detected per minutes.
LF/HF 24 Hour , LFn 24 Hour and HFn 24 Hour values are the data calculated for 24-hour period, LF/HF Day is the data calculated for day-time (06:00-22:59).
LF/HF Night is the data calculated for night-time (23:00-05:59)
BP - blood pressure, HF - high frequency power, HF - high frequency normalised power, LF- low frequency power, LF- low frequency normalised power, NS - non-significant, pNN50
- percentage of differences between successive RR intervals that are >50 msec, computed over the 24- hour recording, rMSSD - square root of the mean differences between successive RR intervals computed over the 24- hour recording

Table 4. Differences in QT interval measurements between the patient
groups according to BP level
Normal group

Prehypertensive

p

(n=110)

group (n=181)

Minimum QT, ms

260(240-280)

240(220-270)

<0.001

Maximum QT, ms

440(420-460)

450(420-470)

NS

Minimum QTc, ms

298±35

279±42

<0.001

Maximum QTc, ms

375±26

375±30

NS

QT Dispersion, ms

20(10-35)

30(18-42)

<0.001

Normally distributed data are expressed as Mean±SD and Student’s t test is used for comparison
Non-normally distributed data are expressed as Median (minimum-maximum) and MannWhitney U test is used for comparison
NS - non-significant, p>0.05

levels can be useful for evaluation of pathophysiologic mechanisms
in PHT in further studies. Because of technical limitations, we could
not perform tissue Doppler echocardiography for evaluation of left
diastolic ventricular functions.

Conclusion
We concluded that patients with PHT have shorter QT min
interval and increased QT dispersion when compared to patients
with normal BP. Moreover, these differences are independent of
left ventricular mass. Autonomic changes can be effective on
these differences between the patient groups. Further and
large-scale studies will show the importance of the changes in
QT intervals and QT dispersion measurements in PHT.
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