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Abstract

Background: The aim of this cross-sectional study was to evaluate cardiac autonomic func-
tion by heart rate turbulence (HRT) indices in normotensive and hypertensive individuals
with either non-dipper or dipper type circadian rhythm of blood pressure (BP).

Methods: A total of 122 patients were allocated into four groups: normotensive/dipper, n = 33;
normotensive/non-dipper, n = 31; hypertensie/dipper, n = 29; and hypertensive/non-dipper,
n = 29. HRT indices (turbulence slope [TS] and turbulence onset [TO]) were calculated from
24-h ambulatory electrocardiographic recordings.

Results: TS values were higher (TS = 10.0 = 3.4 vs 8.0 = 1.5, p = 0.004) and TO values
were lower (TO = -2.9 [-3.6, -2.2] vs -2.0 [-2.3, —1.9], p = 0.037) in the dipper subgroup of
normotensive cases than in the non-dipper subgroup of normotensive cases. Similarly, TS
values were higher (TS = 8.4 + 3.5vs 6.2 + 2.9, p = 0.012) and TO values were lower (TO
=-2.1[-34, -2.0] vs —-1.6 [-1.9, -0.2], p = 0.003) in the dipper subgroup of hypertensive
cases than in the non-dipper subgroup of hypertensive cases. Spearman’s correlation analyses
revealed a high positive correlation between percentage of dipping and TS (v = 0.600, p = 0.001)
and a higher negative correlation between percentage of dipping and TO (r = —0.653, p = 0.001).

Conclusions: Blunting of the nocturnal fall in BP is associated with impaived HRT indices

in both normotensive and hypertensive groups. (Cardiol J 2011; 18, X: xx—xx)
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Introduction

Arterial blood pressure (BP) exhibits a circa-
dian type rhythm. This refers to the daily variation
of BP that is generally higher during the day than
at night [1, 2]. Most people have an average night-
time BP that is 10-20% lower than their average
daytime BP, a phenomenon known as the dipping
pattern [3]. A number of studies have demonstrat-
ed that the lack of nocturnal BP fall, known as non-
dipping, is associated with more serious and in-
creased frequency of target organ damage compared

to dipping pattern individuals [4, 5]. The underly-
ing mechanisms responsible for blunted nocturnal
fall in BP are not completely understood. Never-
theless, there is some evidence to suggest that non-
dippers show impairment in the autonomic system
that includes abnormal parasympathetic and in-
creased sympathetic nervous system activity which
might explain the increase in cardiovascular risk (CV)
in non-dipper subjects [6-8].

Initial acceleration and a subsequent decele-
ration of sinus rhythm following a ventricular pre-
mature beat (VPB) with a compensatory pause has
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been termed heart rate turbulence (HRT) [9]. It has
been acknowledged by the European Cardiac Socie-
ty that HRT is a marker of cardiac autonomic regu-
lation and represents a measure of vagal activity
[10]. Similarly ventricular repolarization abnorma-
lities are also associated with sympatho-vagal im-
balance characterized by vagal withdrawal and re-
lative sympathetic dominance [11, 12]. The relation-
ship between circadian BP type and HRT indices
has not been evaluated yet. Therefore, the aim of
the present cross-sectional study was to evaluate
HRT indices in normotensive and hypertensive in-
dividuals with either non-dipper or dipper type cir-
cadian rhythm of BP.

Methods

Study population

One hundred and twenty nine patients were
evaluated in our study. All patients underwent
24-hour ambulatory BP and electrocardiographic
monitoring. Transthoracic echocardiographic exami-
nation was performed in all patients. Patients with
a history of CV, cerebrovascular or other systemic
disease were excluded. Eventually, out of 129 pa-
tients, 122 subjects were enrolled in the current
study. Six patients were excluded due to lack of
ventricular premature contraction (VPC), and one
patient was excluded because of having diabetes
mellitus. The study was approved by the local eth-
ics committee and patients gave informed written
consent.

Patients were divided into four groups accord-
ing to the presence of hypertension and circadian
BP pattern as follows: (1) normotensive/dipper,
n = 33; (2) normotensive/non-dipper, n = 31; (3)
hypertensive/dipper, n = 29; and (4) hypertensive/
/non-dipper, n = 29. Thus, dipper and non-dipper
cases were compared with their respective groups.

Ambulatory blood pressure monitoring
Ambulatory BP monitoring studies were car-
ried out using a Tracker NIBP2 (Del Mar Reynolds
Medical Ltd, Hertford, UK) monitoring device. The
first hour was discarded from analysis. BP readings
were obtained automatically at 15-min intervals
during the day, and at 30-min intervals during the
night. Recordings were accepted only if more than
85% of the raw data was valid. The absolute de-
crease and the percentage of the decrease in night-
time systolic BP vs daytime systolic BP were cal-
culated in all subjects. Time in bed was defined
based on a patient-kept diary that documented the
exact times of getting into and getting out of bed.

The average BP for this time in bed was calculated
from the ambulatory monitoring data (and was
termed night-time BP). Daytime BP was defined as
the average BP during the remainder of the 24-h
period. Mean BP was calculated as the diastolic
pressure plus one-third of the pulse pressure. The
percentage decline in night-time BP was calculat-
ed as follows: (mean daytime BP — mean night-time
BP/mean daytime BP x 100). Patients with a de-
cline in mean night-time BP of less than 10% were
accepted as non-dippers. Patients were accepted as
hypertensive if the following were present: (i) cur-
rent use of antihypertensive drugs; (ii) presence of
resting systolic BP of 140 mm Hg and/or diastolic
BP of 90 mm Hg; and (iii) an average 24-h BP value
above 130/80 mm Hg.

Analysis of HRT

HRT indices were obtained with a three chan-
nel analog recorder (ELA Medical) and analyzed
with ELATEC Holter software. Recordings were
eligible if they had much more than 18 h of analy-
zable data. After manual review of the recorded
data, singular VPB followed by 20 or more normal
sinus beats were selected. The 20 subsequent R-R
intervals in the beats following a VPB were mea-
sured automatically and HRT onset and slope were
calculated according to Schmidt’s method [13]. Tur-
bulence onset (TO) shows the initial phase of sinus
rhythm acceleration, and turbulence slope (TS)
shows the deceleration phase. TO can be defined
as the percentage difference between the mean of
first two R-R intervals after a VPB and the last two
sinus R-R intervals before VPB. TS is defined as
the maximum positive slope of a regression line
assessed over any of five consecutive R-R intervals
within the first 20 sinus R-R intervals after VPB.
TO was calculated for all ventricular premature
beats separately and then the average was calcu-
lated, whereas TS was calculated based on an aver-
age local tachogram. The optimal cut-off value as-
signed for TS is 2.5 ms/R-R interval. A TS value
below 2.5 ms/R-R interval is considered abnormal.
TO > 0% indicates sinus deceleration after a VPB
and TO < 0% indicates acceleration after a VPC.
The cut-off value for TO has been taken to be 0%,
meaning that a positive value is considered abnor-
mal [14]. Patients having at least one VPB during
the 24-h ECG recording were eligible for HRT
analysis.

Transthoracic echocardiography
Standard imaging was performed in the left lat-
eral decubitus position using a commercially availa-
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Table 1. Demographic characteristics and clinical parameters of normotensive group.

Variable Normotensive/dipper = Normotensive/non-dipper P
(n = 33) (n = 31)
Age 44.7 £ 5.0 452 + 4.6 NS
Gender (male/female) [%] 54/46 58/42 NS
Smokers [%] 33.3 32.2 NS
Basal heart rate [bpm] 749 + 8.4 71.0 £ 8.8 NS
Left ventricular ejection fraction [%] 65.1 £+ 3.4 66.2 + 3.5 NS
Average systolic 24-h ABPM [mm Hg] 120.6 £4.4 118.2 £ 6.3 NS
Average diastolic 24-h ABPM [mm Hg] 76.2 = 3.9 72.1 £ 5.1 0.001
Decline in night-time blood pressure [%] 14.8 £ 2.8 45 + 3.0 0.001

Numeric variables with a normal distribution were presented as the mean = standard deviation; ABPM — ambulatory blood pressure monitoring

Table 2. Demographic characteristics and clinical parameters of hypertensive group.

Variable Hypertensive/dipper Hypertensive/non-dipper P
(n = 29) (n = 29)
Age 46.4+ 5.0 47.6+ 4.3 NS
Gender (male/female) [%] 56/44 45/55 NS
Smokers [%] 35 31 NS
Basal heart rate [bpm] 72.8 +11.8 70.4 = 10.1 NS
Left ventricular ejection fraction [%] 63.56 + 2.8 64.7 + 2.2 NS
Average systolic 24-h ABPM [mm Hg] 135.8 = 3.0 137.4 £ 4.4 NS
Average diastolic 24-h ABPM [mm Hg] 86.0 £ 4.9 89.8 + 3.5 0.002
Decline in night-time blood pressure [%] 13.56 £ 2.1 4.7 = 2.6 0.001

Numeric variables with a normal distribution were presented as the mean = standard deviation; ABPM — ambulatory blood pressure monitoring

ble system (Vingmed System Five GE ultrasound,
Horten, Norway). Images were obtained using
a 2.5-3.5 MHz transducer in the parasternal and api-
cal views. Left ventricular end-diastolic (LVEDD)
and end-systolic (LVESD) diameters and left ven-
tricular ejection fraction (LVEF) were determined
with M-mode echocardiography under two-dimen-
sional guidance in the parasternal long-axis view,
according to the recommendations of the American
Society of Echocardiography [15].

Statistical analysis

Statistical analyses were performed using
SPSS for Windows 15 (SPSS Inc., Chicago, IL,
USA). Numerical variables with a normal distribu-
tion were presented as the mean *+ standard devia-
tion and numerical variables with a skewed distri-
bution were presented as the median (minimum and
maximum) and categorical variables were present-
ed as percentages. For numerical variables, an in-
dependent sample ¢-test and Mann-Whitney U test
were used for inter-group comparisons. A y* test and
Fischer’s exact y* test were used for comparisons

of categorical variables. Multivariate linear regres-
sion analysis was performed to evaluate the effects
of variables such as age, gender, basal heart rate
(BHR), systolic and diastolic BP, smoking status,
LVEF, LVEDD, LVESD, average systolic (AvSBP)
and average diastolic (AvDBP) 24-h ambulatory BP
monitoring values on HRT indices. The correlation
between the decline in night-time BP and HRT in-
dices was examined with Spearman’s correlation
analysis. Two-tailed p values below 0.05 were con-
sidered as significant.

Results

The demographic characteristics, distribution
of conventional risk factors, BP and exercise test
parameters of the groups are summarized in Tables
1 and 2. The dipper and non-dipper subgroups of
normotensive and hypertensive cases were simi-
lar with respect to age, gender distribution, smok-
ing status, BHR, LVEF and AvSBP. Nevertheless,
in the normotensive/dipper and hypertensive/
/dipper groups, AvDBP values were significantly
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Figure 1. Distribution of turbulence slope and turbulence onset indices among two subgroups of normotensive and

hypertensive groups according to dipping status.

lower than in the normotensive/non-dipper group
(p = 0.001) and the hypertensive/non-dipper group
(p = 0.002), respectively.

TS values were higher (TS = 10.0 = 3.4vs 8.0 =
+ 1.5, p = 0.004) and TO values were lower (TO =
=-2.9[-3.6,-2.2] vs -2.0 [-2.3, -1.9], p = 0.037)
in the dipper subgroup of normotensive cases than
in the non-dipper subgroup of normotensive cases
(Fig. 1). Similarly, TS values were higher (TS = 8.4 =
+35056.2 +2.9,p=0.012) and TO values were
lower (TO = -2.1[-3.4, -2.0] vs 1.6 [-1.9, —0.2],
p = 0.003) in the dipper subgroup of hypertensive
cases than in the non-dipper subgroup of hyperten-
sive cases (Fig. 1).

The effects of age, BHR, AvSBP, AvDBP, and
decline in night-time BP on TS were examined in
a multivariate linear regression analysis, and it was
determined that the degree of dipping and AvDBP
were independent predictors of TS. In this model,
the influence of night-time dipping on TS was found

to be more prominent than the other factors (p =
0.001, 8 = 0.443). The effects of age, BHR, AvSBP,
AvDBP, and decline in night-time BP on TO were
also examined in a multivariate linear regression
analysis, and it was determined that the degree of
dipping and age were independent predictors of TO.
In this model, the influence of night-time dipping
on TO was found to be more prominent than the
other factors (p = 0.001, 3 = —0.418). Spearman’s
correlation analyses revealed a high positive cor-
relation between the percentages of nocturnal fall
in BP and TS (r = 0.600, p = 0.001; Fig. 2). Spear-
man’s correlation analyses revealed a higher nega-
tive correlation between the percentages of noctur-
nal fall in BP and TO (r = -0.653, p = 0.001; Fig. 3).

The correlation coefficients for degree of night-
time dipping and HRT indices were higher in the
hypertensive group than the normotensive group
(for TS: r = 0.691, p = 0.001 in hypertensive group
and r = 0.620, p = 0.001 in normotensive group;
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Figure 2. Correlations for turbulence slope indices and
decline in night-time blood pressure in all the study
population.
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Figure 3. Correlations for turbulence onset indices and
decline in night-time blood pressure in all the study
population.

for TO:r =-0.767,p = 0.001 and r = —0.638, p = 0.001,
respectively).

When the recommended cut-off values for TO
and TS indices were assessed in the normotensive
group, although the frequencies of abnormal TS

Levent Sahiner et al., Non-dipping and HRT

(< 2.5 ms/beat, 3.0% vs 6.5%, p = 0.607) and ab-
normal TO (> 0, 0% vs 9.7%, p = 0.108) were high-
er in the non-dipper subgroup, it did not reach sta-
tistical significance. Similarly, when the recom-
mended cut-off values for TO and TS indices were
assessed in the hypertensive group, the frequen-
cies of abnormal TS (< 2.5 ms/beat, 24.1% vs 13.8%,
p = 0.252) and abnormal TO (> 0, 24.1% vs 13.8%,
p = 0.252) were similar in both subgroups, despite
the presence of higher values in the non-dipper
subgroup.

Discussion

To the best of our knowledge, our study is the
first to evaluate the relationship between circadian
BP rhythm and HRT indices. We have found that
the degree of non-dipping, which means inadequate
fall of night-time BP, is correlated with abnormal
HRT indices. A higher degree of non-dipping is as-
sociated with lower values of TS and higher values
of TO, regardless of normotensive or hypertensive
individuals.

Nocturnal dipping of arterial BP is part of the
normal circadian pattern, and its absence, which is
called non-dipping, is associated with more severe
end-organ damage and increased risk of CV events,
especially in hypertensive patients [1, 16]. Left
ventricular hypertrophy [17], microalbuminuria [18]
and cerebrovascular damage [19] tend to be more
common in patients whose 24-h BP profile is blunt-
ed. Although the underlying mechanisms of noctur-
nal decrease of BP are not yet fully understood,
there is some evidence to suggest that non-dippers
show impairment in the autonomic system that in-
cludes abnormal parasympathetic and increased
sympathetic nervous system activity [6, 7]. Recent-
ly, increasing interest has focused on new risk fac-
tors for CV disease, especially in the area of non-
invasive assessment [16]. The absence of a noctur-
nal BP decrease is emerging as an index for future
target organ damage.

Assessment of HRT is an inexpensive and sim-
ple method that allows selection of patients with an
increased risk of future cardiac events [20]. The
evaluation of HRT is totally non-invasive and can
be performed using routine ambulatory 24 h ECG
recording. Following a VPB with a compensatory
pause, there is known to be an initial acceleration
and a later deceleration of sinus rhythm. This se-
quence is termed HRT and it is thought to be
a measure of the autonomic response to perturba-
tions of arterial BP invoked by a VPC [9]. HRT has
been shown to be an independent and powerful pre-
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dictor of mortality after myocardial infarction (MI).
Prognostic values of TO and TS were analyzed in
two large and independent populations of post-MI
survivors: the Multicenter Post-Infarction Program
(MPIP) study and the placebo arm of the European
Myocardial Infarction Amiodarone Trial (EMIAT)
study [13]. In these studies, both HRT parameters
were found to be strong predictors of mortality in
post-MI patients.

Durability of circadian BP rhythm seems to be
related to durability of ANS. Withdrawal of sympa-
thetic nervous system and dominance of the para-
sympathetic system play an important role in night-
time BP fall and vice versa in daytime. Therefore,
some novel risk assessment tool in cardiology prac-
tice which is non-invasive and affected by the same
physiological mechanism as circadian BP rhythm
may have a significant relationship with dipper/non-
dipper status. A recently published study evaluat-
ing a similar relationship between exercise heart
rate recovery (HRR) and circadian BP pattern, re-
vealed that blunting of the nocturnal fall in BP is
associated with a delayed recovery of heart rate
after graded maximal exercise in both normoten-
sive and hypertensive groups [21].

Just like HRR indices, in our study we found
that a similar correlation exists between blunted
circadian BP pattern and abnormal HRT indices, not
only in hypertensive non-dipper patients but also
in normotensive non-dipper patients. It has been
hypothesized that HRT is a vagal phenomenon,
since atropine eliminates it completely, whereas
intravenous esmolol does not alter it [22]. Others
believe that the importance of a sympathetic role
cannot be ruled out [23]. Both divisions of the ANS
(autonomic nervous system??) interact with each
other. It seems that vagal predominance is stronger
than in the absence of sympathetic tone [24]. Since
circadian BP rhythm and HRT indices are affected
by the same controller, it could be argued that in the
presence of any ANS instability, both of them will
show similar defeat (a similar defect ?).

The major limitations of the present study are
the relatively small number of patients and that the
results are based on a single center. In our study,
when the recommended cut-off values for TO and
TS indices were assessed in both groups, although
the frequencies of abnormal TS and abnormal TO
were higher in the non-dipper subgroups, it did not
reach statistical significance. This might be due to
the relatively small population size. However, it is
more appropriate to use and compare these indices
as a continuous variable and this is the main
strength of the study. In patients with atrial fibril-

lation or paced rhythm, HRT indices could not be
evaluated and that may be another limitation of this
study.

Conclusions

Blunting of the nocturnal fall in BP was asso-
ciated with abnormal HRT indices, both in normo-
tensive and hypertensive groups. When the prog-
nostic significance of HRT is considered, hyperten-
sives and normotensives with a non-dipping pattern
should be followed closely for adverse CV outcome.

Acknowledgements

The authors do not report any conflict of inte-
rest regarding this work.

References

1. Fukutomi M, Matsui Y, Shimada K. Dipper and non-dipper.
Nippon Rinsho, 2006; 64 (suppl. 6): 33-38.

2. O’Brien E. Dipping comes of age: The importance of nocturnal
blood pressure. Hypertension, 2009; 53: 446-447.

3. Cicconetti P, Morelli S, De Serra C et al. Left ventricular mass
in dippers and nondippers with newly diagnosed hypertension.
Angiology, 2003; 54: 661-669.

4. Cuspidi C, Meani S, Salerno M et al. Cardiovascular target organ
damage in essential hypertensives with or without reproducible
nocturnal fall in blood pressure. ] Hypertens, 2004; 22: 273-280.

5. Shimada K, Kario K. Altered circadian rhythm of blood pressure
and cerebrovascular damage. Blood Press Monit, 1997; 2: 333-338.

6. Abate G, D’Andrea L, Battestini M, Zito M, Di Iorio A. Auto-
nomic nervous activity in elderly dipper and non-dipper patients
with essential hypertension. Aging (Milano), 1997; 9: 408-414.

7. Sherwood A, Steffen PR, Blumenthal JA, Kuhn C, Hinderliter AL.
Nighttime blood pressure dipping: The role of the sympathetic
nervous system. Am J Hypertens, 2002; 15 (2 Part 1): 111-118.

8. Nakano Y, Oshima T, Ozono R et al. Non-dipper phenomenon in
essential hypertension is related to blunted nocturnal rise and
fall of sympatho-vagal nervous activity and progress in retinopa-
thy. Auton Neurosci, 2001; 83: 181-186.

9. Francis J, Watanabe MA, Schmidt G. Heart rate turbulence:
A new predictor for risk of sudden cardiac death. Ann Noninva-
sive Electrocardiol, 2005; 10: 102-109.

10. Priori SG, Aliot E, Blomstrom-Lundqvist C et al. Task force on
sudden cardiac death of the European Society of Cardiology. Eur
Heart J, 2001; 22: 1374-1450.

11. Passino C, Magagna A, Conforti F et al. Ventricular repolariza-
tion is prolonged in nondipper hypertensive patients: Role of left
ventricular hypertrophy and autonomic dysfunction. J Hyper-
tens, 2003; 21: 445-451.

12. Grassi G. Role of the sympathetic nervous system in human
hypertension. ] Hypertens, 1998; 16 (12 Part 2): 1979-1987.

13. Schmidt G, Malik M, Barthel P et al. Heart-rate turbulence after
ventricular premature beats as a predictor of mortality after
acute myocardial infarction. Lancet, 1999; 353: 1390-1396.

14. Bauer A, Schmidt G. Heart rate turbulence. ] Electrocardiol,
2003; 36 (suppl.): 89-93.

6 www.cardiologyjournal.org



15.

16.

17.

18.

Lang RM, Bierig M, Devereux RB et al. Recommendations for
chamber quantification: A report from the American Society of
Echocardiography’s Guidelines and Standards Committee and
the Chamber Quantification Writing Group, developed in con-
junction with the European Association of Echocardiography,
a branch of the European Society of Cardiology. ] Am Soc
Echocardiogr, 2005; 18: 1440-1463.

Izzedine H, Launay-Vacher V, Deray G. Abnormal blood pres-
sure circadian rhythm: A target organ damage? Int J Cardiol,
2006; 107: 343-349.

Verdecchia P, Schillaci G, Guerrieri M et al. Circadian blood
pressure changes and left ventricular hypertrophy in essential
hypertension. Circulation, 1990; 81: 528-536.

Redon J, Liao Y, Lozano JV, Miralles A, Pascual JM, Cooper RS.
Ambulatory blood pressure and microalbuminuria in essential
hypertension: role of circadian variability. ] Hypertens, 1994;
12: 947-953.

19.

20.

21.

22.

23.

24.

Levent Sahiner et al., Non-dipping and HRT

Shimamura T, Nakajima M, Iwasaki T, Hayasaki Y, Yonetani Y,
Iwaki K. Analysis of circadian blood pressure rhythm and target-
organ damage in stroke-prone spontaneously hypertensive rats.
J Hypertens, 1999; 17: 211-220.

Guzik P, Schmidt G. A phenomenon of heart-rate turbulence, its
evaluation, and prognostic value. Card Electrophysiol Rev, 2002;
6: 256-261.

Okutucu S, Kabakci G, Deveci OS et al. Relationship between
exercise heart rate recovery and circadian blood pressure pat-
tern. J Clin Hypertens (Greenwich), 2010; 12: 407-413.

Marine JE, Watanabe MA, Smith TW, Monahan KM. Effect of
atropine on heart rate turbulence. Am J Cardiol, 2002; 89: 767-769.
Papaioannou VE. Heart rate variability, baroreflex function and
heart rate turbulence: Possible origin and implications. Hellenic
J Cardiol, 2007; 48: 278-289.

Watanabe MA. Heart rate turbulence: A review. Indian Pacing
Electrophysiol J, 2003; 3: 10-22.

www.cardiologyjournal.org 7



