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ABSTRACT
Objective: The aim of the present study was to study time indices of heart rate variability (HRV) in patients with mitral annular calcification 
(MAC).
Methods: A cross-sectional observational study was performed. Fifty patients with echocardiographic evidence of MAC and 50 age- and gen-
der-matched control subjects without echocardiographic evidence of MAC were included. All the study participants underwent 2-dimensional 
echocardiographic examinations and 24-hour Holter monitoring for HRV analysis. Student-t, Mann-Whitney U and Chi-square tests were used 
for statistical analysis.
Results: Hypertension and coronary artery disease were more common in the MAC group than in the control group. All HRV parameters includ-
ing mean RR interval, SDNN, SDANN, SDNN index, pNN50 and RMSSD were reduced in the MAC group when compared with the control group 
(p<0.05 for all). In hypertensive subgroup, all HRV parameters except mean RR interval were diminished in patients with MAC when compared 
with those without MAC (p<0.05 for all). In non-hypertensive subgroup, all HRV parameters were also diminished in patients with MAC when 
compared with those without MAC. In the subgroup of patients with coronary artery disease, patients had lower HRV parameters except mean 
RR interval, pNN50 and RMSSD in comparison to those without MAC (p<0.05 for all). In the subgroup of patients without coronary artery disease, 
all HRV parameters were depressed in patients with MAC in comparison to those without MAC (p<0.05 for all).
Conclusion: Our findings indicate that MAC was associated with reduced heart rate variability which possibly reflects decreased parasympa-
thetic tone with a predominant activity of the sympathetic tone. (Anadolu Kardiyol Derg 2013; 13: 668-74)
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ÖZET
Amaç: Çalışmanın amacı mitral annüler kalsifikasyonu (MAK) olan hastalarda kalp hızı değişkenliği (KHD) parametrelerini incelemektir. 
Yöntemler: Çalışma enine kesitli gözlemsel amaçlı planlandı. Ekokardiyografik olarak MAK tespit edilmiş 50 hasta ile MAK'ı olmayan 50 hasta 
çalışmaya dahil edildi. Tüm hastalara iki boyutlu transtorasik ekokardiyografi ve KHD analizi için 24 saatlik Holter monitorizasyonu uygulandı. 
İstatistiksel analiz için Student-t, Mann-Whitney U ve Ki-kare testleri kullanıldı.
Bulgular: Hipertansiyon ve koroner arter hastalığı MAK grubunda kontrol grubuna göre daha yüksekti. Ortalama RR süresi, SDNN, SDANN, 
SDNN indeksi, pNN50 ve RMSSD’yi içeren tüm HRV parametreleri MAK grubunda kontrol grubuna göre azalmış saptandı (p<0,05). Hipertansiyon 
alt grubunda, ortalama RR süresi dışında diğer tüm HRV parametreleri MAK’lı hastalarda MAK’ı olmayanlara göre azalmış saptandı. 
Hipertansiyon olmayan hasta alt grubunda ise, tüm HRV parametreleri MAK’lı hastalarda MAK’ı olmayanlara göre yine azalmış saptandı (p<0,05).  
Koroner arter hastalığı olan hastaların alt grubunda, ortalama RR süresi, pNN50 ve RMSSD dışında tüm HRV parametreleri MAK’lı hastalarda 
MAK’ı olmayanlara göre düşük saptandı (p<0,05). Koroner arter hastalığı olmayan hastaların alt grubunda ise tüm HRV parametrelerinin MAK’lı 
hastalarda MAK’ı olmayanlara göre düşük olduğu saptandı (p<0,05).
Sonuç: Bu çalışmadaki bulgular MAK'lı hastalarda azalmış parasempatik aktiviteyle birlikte artmış sempatik aktivasyona işaret eden baskılan-
mış KHD'yi göstermektedir. (Anadolu Kardiyol Derg 2013; 13: 668-74)
Anahtar kelimeler: Mitral annüler kalsifikasyon, kalp hızı değişkenliği, otonomik disfonksiyon



Introduction

Heart rate variability (HRV) is considered a sensitive method 
for the quantitative assessment of the autonomic control of the 
heart (1). A heart rate that is variable and responsive to demands 
is believed to bestow a survival advantage, whereas reduced 
HRV may be associated with poorer cardiovascular health and 
outcomes (2). In clinical cardiology, the analysis of HRV has 
recently been used to evaluate cardiac autonomic control both 
in normal subjects and in a wide variety of both cardiac and 
noncardiac disorders (3-10).

Previous data has demonstrated that presence of cardiac 
valve calcifications, which include mitral annular calcification 
(MAC) and aortic valve calcification (AVC), is independently 
associated with incident cardiovascular disease, cardiovascu-
lar death, and all-cause death suggesting that valve calcification 
is a marker of increased cardiovascular risk (11). The associa-
tion of MAC with enhanced cardiovascular disease risk paral-
lels the previously reported elevated cardiovascular risk 
observed with the presence of echocardiographic AVC (11).

In patients with AVC, HRV parameters have been demon-
strated to be disturbed, however much less is known about HRV 
in patients with only MAC (12, 13). In this clinical setting, the 
demonstration of cardiac sympathovagal imbalance may have 
clinical implications since cardiac autonomic dysfunction might 
contribute to a higher mortality rate.

We hypothesized that patients with MAC have diminished 
HRV, which reflects cardiac autonomic dysfunction. It was 
therefore the aim of our study to examine HRV in patients with 
MAC.

Methods

Study design
This is an observational cross-sectional study.

Study population
We recruited subjects from the cardiology clinic of İnönü 

University Hospital in the city of Malatya between July 2009 and 
April 2010. Fifty consecutive patients in whom a diagnosis of 
MAC was made by transthoracic echocardiography (MAC 
group) and 50 age- and sex-matched patients without MAC 
(Control group) were included. Patients in the MAC and control 
groups were further divided into subgroups of hypertension (HT) 
and coronary artery disease (CAD). Patients were excluded if 
they had: rheumatic heart disease, congestive heart failure, 
acute coronary syndrome, cardiomyopathy, obstructive sleep 
apnea, BMI over 30 kg/m2, prosthetic valves, renal failure, atrial 
fibrillation, cerebrovascular disease or thyroid disease, aortic 
valve sclerosis, frequent extrasystoles and a history of positive 
head-upright tilt testing. The study was approved by local Ethics 
Committee, and written informed consent was obtained from all 
patients.

Study protocol
The study population consisted of 50 patients with MAC, 

which was diagnosed by two-dimensional echocardiography. 
After diagnosis of MAC, baseline clinical, demographic and 
echocardiographic variables were recorded. After completing 
echocardiographic examination, 24-hour Holter recording for 
HRV analysis was done in each study participant. The control 
group consisted of 50 age- and sex-matched individuals without 
MAC on echocardiography. They also underwent the same pro-
tocol including two-dimensional echocardiographic examina-
tions and 24-hour Holter recordings.

Study variables

Baseline clinical and demographic variables
The baseline variables of study were as following: age, gen-

der and body mass index (BMI) was recorded and cardiovascu-
lar risk factors were determined: HT, CAD, diabetes mellitus 
(DM), hypercholesterolemia, smoking and cardiovascular medi-
cation use [beta-blockers, angiotensin-converting enzyme inhib-
itors (ACEI), angiotensin-II receptor blockers (ARB), calcium-
channel blockers (CCB) and statins].

Definitions
CAD was defined as >50% luminal diameter narrowing of ≥1 

coronary artery by angiography, history of coronary revascular-
ization, an abnormal myocardial perfusion scan or dobutamine 
stress echocardiogram, regional left ventricular akinesia and/or 
dyskinesia on echocardiogram, or pathologic Q waves on 
12-lead electrocardiogram. HT was defined as systolic blood 
pressure of 140 mmHg and above, diastolic blood pressure of 90 
mmHg and above or ongoing antihypertensive medication (14). 
DM was defined as fasting serum glucose level > 126 mg/dL or 
ongoing diabetes medication (15). Hypercholesterolemia is 
defined as fasting serum total cholesterol level >200 mg/dL or 
ongoing lipid-lowering therapy (16). Smoking was defined as 
smoking ≥1 cigarette per day regularly for at least one year. BMI 
was calculated as weight in kilograms divided by the square of 
height in meters.

Transthoracic echocardiographic variables
Complete 2-dimensional and Doppler color flow measure-

ments were performed in all patients with the 4-MHz transducer 
of a Philips ATL 5000 HD (Bothell, Washington). Interpretation of 
echocardiographic examinations was performed by one cardi-
ologist blinded to clinical and demographic characteristics of the 
study population. MAC was defined as an intense echo-produc-
ing structure with highly reflective characteristics that was 
located at the junction of the atrioventricular groove and the 
posterior or anterior mitral leaflet on the parasternal long-axis, 
apical 4- or 2-chamber, or parasternal short-axis view. 
Measurements of left ventricular (LV) internal dimensions and 
wall thicknesses and of left atrium dimension were made 
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according to the recommendations of the American Society of 
Echocardiography (17). The LV mass index was calculated by the 
method described by Devereux and Reichek (18).

HRV indices
All patients underwent 24-hour electrocardiographic moni-

toring using a 6-channel digital Holter recorder (DMS 300-3A 
Digital Holter Recorder, California, USA) with built-in flash 
memory that was scanned by computer. All patients were asked 
to do their normal activities with their normal sleep-wake rhythm 
during ambulatory electrocardiographic monitoring. The tapes 
were analyzed by another cardiologist who was blinded to clini-
cal and echocardiographic data of the study population. HRV 
measurements were obtained using a commercially available 
Holter software program (CardioScan 12.0, DMS, USA). After 
computerized primary analysis, all recordings were edited 
manually for eliminating from supraventricular, ventricular ecto-
py and artifacts. Recordings lasting for at least 22 hour and of 
sufficient quality for evaluation were included in the analysis. In 
case these criteria were not achieved, the recordings were 
repeated. One hundred recordings were assessed in the time 
domain parameters in accordance with the recommendations of 
the European Society of Cardiology and the North American 
Society of Pacing Electrophysiology (1).

The following time domain indices of HRV were measured in 
the 24-hour recordings: (1) The mean of all normal RR intervals 
in milliseconds (RR, msec); (2) the standard deviation of all nor-
mal-to-normal RR intervals (SDNN, msec); (3) the mean of the 
standard deviation of all normal to normal RR intervals for all 

5-minute segments (SDNN index, msec); (4) the standard devia-
tion of 5-minute mean RR intervals (SDANN, msec), (5) percent-
age of successive normal RR intervals exceeding 50 millisec-
onds (pNN50, %); and (6) the square root of the mean of the 
squares of the differences between successive normal-to-nor-
mal RR intervals (RMSSD, msec).

Statistical analysis
Statistical analyses were performed with the use of SPSS 

software, version 17.0 (SPSS Inc. USA). The Kolmogorov-Smirnov 
test was used to evaluate whether the variables were normally 
distributed. Continuous variables were presented as means±SD 
or median with interquartile range (IQR) and categorical vari-
ables as frequency and percentage. Categorical data were ana-
lyzed using chi-square test or Fisher’s exact test where appro-
priate. Continuous data were analyzed by Student’s t-test for 
normally distributed variables and Mann-Whitney U test for 
non-normally distributed variables. All p values were two-tailed, 
and values of less than 0.05 were considered to indicate statisti-
cal significance.

Results
 
Baseline characteristics
Baseline characteristics and clinical data of 50 patients with 

MAC (27 women and 23 men; mean age 61.7±8.5 years) and 50 
control subjects without MAC (26 women/24 men; mean age 
59±7.9 years) are summarized in Table 1. HT and CAD were more 
common in the MAC group than in the control group. There was 
no significant difference between the groups regarding age, 
gender, BMI, diabetes mellitus, hypercholesterolemia and ciga-
rette smoking. In addition, the proportion of patients taking ACEI 
or ARB, beta-blocker, statin, CCB therapy did not differ signifi-
cantly between the two groups.

Transthoracic echocardiographic findings
The two-dimensional and Doppler echocardiographic find-

ings of the MAC and control group are shown in Table 2. No dif-
ferences between groups were found in two-dimensional echo-
cardiographic variables and LV mass index. However, left atrial 
diameter was significantly larger in the MAC group compared to 
the control group. 

HRV findings
Data of the time domain analysis for the MAC and control 

groups are presented in Table 3. Mean RR interval, SDNN, 
SDANN and SDNN index were significantly lower in the MAC 
group compared to the control group (p<0.05 for all). Parameters 
of parasympathetic activity, pNN50 and RMSSD were depressed 
in patients with MAC (p<0.05 for all).

In addition, we evaluated HRV in patients with and without 
HT and CAD in the MAC and control group. As can be seen 
from Table 4, a decrease in HRV in hypertensive patients with 

Variables MAC group Control group *p
 (n=50) (n=50)

Age, years 61.7±8.5 59.0±7.9 0.1

Women/ men 27/23 26/24 0.8

BMI 26.2±2.6 25.5±2.3 0.1

Hypertension, n (%)  26 (52) 14 (28) 0.02

Coronary artery disease, n (%) 21 (42) 10 (20) 0.03

Diabetes mellitus, n (%) 13 (26) 9 (18) 0.4

Hypercholesterolemia, n (%)  16 (32) 11 (22) 0.3

Cigarette smoking, n (%) 9 (18) 7 (14) 0.8

Medication use, n (%)

ACEI or ARB 17 (34) 12 (24) 0.7

β-blocker  9 (18) 7 (14) 0.4

CCB 6 (12) 9 (18) 0.5

Statin 11 (22) 10 (20) 0.8

Data are presented as mean±SD and number (percentage)

*unpaired Student’s t-test and Chi-square test

ACEI - angiotensin-converting enzyme inhibitor, ARB - angiotensin receptor blocker,

BMI - body mass index, CCB - calcium channel blocker, MAC - mitral annular calcification

Table 1. Baseline characteristics of the study population
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MAC was evident in SDNN, SDANN, SDNN index, pNN50 and 
RMSSD when compared with hypertensive patients without 
MAC. A similar decrease was also observed in mean RR inter-
val, SDNN, SDANN, SDNN index, pNN50 and RMSSD in 
patients without hypertension in the MAC group when com-
pared to those without hypertension in the control group 
(p<0.05 for all).

Similar comparisons performed in hypertensive and normo-
tensive patients with and without MAC were also done in 
patients with and without CAD. As can be seen from Table 5, 
SDNN, SDANN and SDNN index were all depressed in patients 
with MAC when compared with those without MAC in the CAD 
(+) (p<0.05 for all) subgroup, whereas mean RR interval, pNN50 
and RMSSD were not. All HRV parameters were reduced in 
patients with MAC when compared with those without MAC in 
the CAD (-) subgroup (p<0.05 for all).

Discussion

In the present study, we found diminished values for HRV 
time domain parameters in the study group, which might reflect 
impairment of parasympathetic activity, with a likely predomi-
nant activity of the adrenergic system in the diseased heart. We 
also found diminished values for HRV in HT and CAD subgroups 
with MAC, even in normotensive and CAD (-) patients without 
MAC.

Heart rate variability analysis has been proven to be a well-
established and noninvasive tool for the investigation of the 
modulation of the autonomic nervous system (1).The modulation 
of heart rate is under complex regulatory mechanisms which 
involve the nervous, endocrine and cardiovascular systems (1). 
Alterations of autonomic equilibrium are encountered during 
ordinary activities but may also be associated with the onset of 

Variables MAC group Control group *p
 (n=50) (n=50)

Ejection fraction, % 59.0±7.5 59±8 0.8

LVEDD, mm 47.2±3.3 46.3±3.2 0.2

LVESD, mm 31.9±4.5 31.6±3.2 0.6

Interventricular septum, mm 10.4±0.9 10.2±1.1 0.3

Posterior wall, mm  10.3±0.9 10.2±1.1 0.6

Aortic diameter, mm 21.9±2.4 21.6±1.6 0.4

Left atrial diameter, mm 36.7±4.7 32.7±3.2 < 0.0001

LV mass index, kg/m2 113±15 109±17 0.2

Data are presented as mean±SD values

*unpaired Student’s t-test

LV - left ventricle, LVEDD - left ventricular end-diastolic diameter, LVESD - left ventricular 

end-systolic diameter, MAC - mitral annular calcification

Table 2. Two-dimensional, pulse- and tissue-Doppler echocardiograp-
hic parameters of the study population

Variables MAC group Control group *p
 (n=50) (n=50)

RR, msec 760±134 824±100 0.009

SDNN, msec 112±32 141±40 < 0.0001

SDANN, msec 100±32 129±39 < 0.0001

SDNN index, msec 44±13 62±21 < 0.0001

pNN50, % 5 (2-13)  10 (4-15) 0.02

RMSSD, msec 26.0 (19.5-36.2) 30.0 (23.5-38.0) 0.04

Data are presented as mean±SD values and median interquartile range (IQR)

*unpaired Student’s t-test and Mann-Whitney U test

HRV - heart rate variability, MAC - mitral annular calcification, pNN50 - percentage of 

successive normal RR intervals exceeding 50 milliseconds, RMSSD - the square root of 

the mean of the squares of the differences between successive normal-to-normal RR 

intervals, RR - mean RR interval, SDANN - the standard deviation of 5-minute mean RR 

intervals, SDNN - the standard deviation of all normal-to-normal RR intervals, SDNN 

index -  the mean of the standard deviation of all normal to normal RR intervals for all 

5-minute segments

Table 3. HRV parameters in the MAC and control group

Variables  HT (+)   HT (-)

 MAC (+) MAC (-) *p MAC (+) MAC (-) *p
 n=26 n=14  n=24 n=36

RR, msec 789 (762-903) 826 (739-940) 0.08 798±82 844±72 0.03

SDNN, msec 102 (92-113) 123 (94-168) 0.04 116±32 146±38 < 0.0001

SDANN, msec 87 (79-104) 118 (76-160) 0.03 103±31 132±37 < 0.0001

SDNN index, msec 40 (33-51) 55 (37-88) 0.01 45±10 63±19 < 0.0001

pNN50, % 4.0 (1.7-7.0) 7.5 (3.2-15.7) 0.04 7.7±5.5 12.4±7 0.009

RMSSD, msec 22.0 (14.0-25.5) 27.5 (23.5-38.2) 0.01  27.4±12.2 36±12.7 0.01

Data are presented as mean±SD values and median interquartile range (IQR)

*unpaired Student’s t-test and Mann-Whitney U test

HRV - heart rate variability, HT(+) -  patients with hypertension,  HT(-) - patients without hypertension, MAC(+) - patients with mitral annular calcification, MAC (-) - patients without 

mitral annular calcification, HRV abbreviations as in Table 3.

Table 4. Time-domain parameters of HRV in hypertensive and normotensive patients
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disease. Alterations in cardiac autonomic control, as measured 
by heart rate variability, may define higher risk subgroups for 
cardiovascular morbidity and mortality (19). This has been docu-
mented in adult patients with hypertension (3, 4), diabetes (5), 
coronary artery disease (20), myocardial infarction (6), and 
chronic heart failure (6, 21). Whereas the exact mechanism is 
still open to debate, studies have shown that increasing age is 
associated with decreasing HRV (22). Also, previous investiga-
tions have found gender differences in 24-h HRV, with values for 
male subjects being significantly higher than those for age-
matched female subjects (23). For these reasons, our study 
population consisted of age- and gender-matched subjects.

The time domain HRV parameters, SDNN, SDANN, and 
SDNN index were found to be decreased in the MAC group of 
our study population. The effect of short-term respiratory varia-
tions in heart rate which is assumed to be vagally mediated is 
very low, and depression of these parameters are thought to be 
due to enhanced sympathetic system activity (1). RMSSD and 
pNN50, which are supposed to be markers of parasympathetic 
activity were also decreased in patients with MAC. These find-
ings constitute evidence for autonomic dysfunction character-
ized by sympatovagal imbalance in patients with MAC. The 
increased sympathetic activity and decreased parasympathetic 
tone could be detrimental and contribute to the higher cardio-
vascular mortality rate in patients with MAC (1, 24). Possible 
mechanisms by which MAC may impact HRV may be due to that 
MAC might cause restriction of mitral annular motion and dilata-
tion necessary for normal valvular motion resulting in abnormal 
mitral inflow velocities (25), degenerative process within the 
mitral annulus associated with or accompanied by a “sclerode-
generative process” within the conduction system or within the 
intrinsic cardiac nerves and cardiac receptors (26, 27), and 
increased left atrial size (28, 29).

The association of CAD and HT with MAC, as noted in the 
present study, is consistent with the findings of previous studies 
(11, 30). However, there was no significant relationship between 

MAC and other traditional cardiovascular risk factors such as 
diabetes, hyperlipidemia, increased BMI and smoking. These 
findings are inconsistent with some of the previous data. While 
some investigators were finding that subjects with MAC had a 
higher prevalence of hypertension, diabetes, hyperlipidemia, 
increased BMI and smoking (31), others found no association 
between MAC, and diabetes and hyperlipidemia (32). Whereas, 
some researchers found significant relationships with CAD but 
not with smoking and gender (33). These differences with our 
study may be explained by (1) considerably younger population 
of our study than that seen in other studies, thus, some cardiac 
risk factors such as diabetes and hypercholesterolemia may 
not be overt at the time of study, (2) exclusion of patients from 
our study with renal failure, atrial fibrillation, congestive heart 
failure, valvular disease, cerebrovascular disease and those 
with a BMI over 30 kg/m2, most of which were not excluded in 
most studies. Inclusion of those cardiac risk factors, espe-
cially those BMI >30 kg/m2, may had resulted in higher preva-
lence of diabetes and hyperlipidemia in the MAC group of our 
study (3), Different modalities for the diagnosis of MAC such as 
two-dimensional echocardiography, M-mode echocardiogra-
phy and CT scan with the use of different calcium-scoring 
systems and (4) inclusion of diverse racial and/or ethnical 
populations between studies.

Numerous studies have documented the association 
between cardiac autonomic function and hypertension and has 
found diminished values for time domain indices of HRV in this 
group of patients (3, 4). In our study, HRV parameters were lower 
in normotensive subjects with MAC than in those without MAC. 
Moreover, hypertensive patients with MAC displayed an even 
greater reduction in time domain parameters of HRV.

It has been demonstrated that the HRV is reduced in patients 
with ischemic heart disease (34, 35). In our study, a considerable 
reduction of several time domain HRV parameters was detected 
in CAD (+) patients with MAC. In addition, patients with MAC had 
lower HRV than those without MAC in the CAD (-) subgroup. This 

Variables  CAD (+)   CAD (-)

 MAC (+) MAC (-) *p MAC (+) MAC (-) *p
 n=21 n=10  n=29 n=40

RR, msec 780 (702-806) 825 (770-905) 0.15 780±98 830±92 0.03

SDNN, msec 109 (79-123) 130 (114-174) 0.002 106±32 150±41 0.003

SDANN, msec 102 (69-108) 127 (97-162) 0.002 94±33 135±39 0.005

SDNN index, msec 42 (35-52) 54 (47-79) 0.03 44±14 63±22 < 0.0001

pNN50, % 5 (2-11) 9.0 (3.7-13.0) 0.19 6.7±5.2 12.1±10.5 0.03

RMSSD, msec 25.0 (17.5-31.0) 30 (22-33) 0.28 27.4±14.8 36±12.8 0.02

Data are presented as mean±SD values and median interquartile range (IQR)

*unpaired Student’s t-test and Mann-Whitney U test

CAD (+) - patients with coronary artery disease, CAD (-) - patients without coronary artery disease, HRV - heart rate variability, MAC(+) - patients with mitral annular calcification, 

MAC (-) - patients without mitral annular calcification, HRV abbreviations as in Table 3.

Table 5. Time-domain parameters of  HRV in patients with and without CAD
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finding also underscores the presence of MAC. It was found that 
RMSSD and pNN50, which are supposed to be quite robust 
parameters of vagally mediated HRV were similar in CAD (+) 
subgroup. But it may be due to relatively small number of 
patients in that group.

Study limitations
We recognize that our study has limitations that warrant 

consideration. First, the cross-sectional design does not allow 
us to infer causation between HRV parameters and MAC . 
Second, physical fitness and activity levels are known to have 
impact on HRV and we did not standardize these factors. Third, 
our study population is small. Lastly, we did not categorize MAC 
according to its severity. Further study is needed to examine the 
relationship between HRV and MAC.

Conclusion

Compared with patients without MAC, patients with MAC 
displayed decreased HRV in time domain parameters, possibly 
reflecting decreased parasympathetic tone with a predominant 
activity of the sympathetic tone, irrespectively of presence of HT 
and CAD.
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