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Do heart rate variability indices present potential to predict late
postmenopausal? A retrospective study
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SUMMARY

OBJECTIVES: This study aimed to compare heart rate variability indices in early and late postmenopausal women and assess their correlation and
prognostic value to predict late postmenopausal.

METHODS: An observational and retrospective study was performed with the medical records of patients from Hospital das Clinicas, Faculdade de
Medicina da Universidade de Sao Paulo between 2018 and 2019. We selected medical records of women with menopause, over 40 years old, which
were divided into two groups, according to postmenopausal time, i.e., early and late postmenopausal.

RESULTS: We analyzed data from 123 women (55 in the early and 68 in the late postmenopausal group). RRtri (triangular index) was lower in the
late postmenopausal group (8.68 vs. 7.15, p=0.040). There was a significant weak negative correlation in SDNN, RRtri, and SD2 and postmenopausal
time. RRtri presented the potential to predict late postmenopausal.

CONCLUSION: The increase in postmenopausal time decreases global heart rate variability indices. The geometric index RRtriwas significantly lower

in late postmenopausal women and presented the potential to predict late postmenopausal.
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INTRODUCTION

The postmenopausal period can be divided into early and late
postmenopausal. Early postmenopausal is defined as the period of
up to 6 years after menopause, in which follicle-stimulating hor-
mone (FSH) levels remain high; there is a progressive reduction in
estradiol and greater acceleration of bone loss. The late phase starts
from the 6th year after menopause and goes until senectivity'?. In
general, it is characterized by menopausal symptoms and changes
in different systems, including cardiac autonomic modulation??.

Apparently, hypoestrogenism changes the autonomic control of
heart rate (HR), inducing alterations in sympathetic and vagal regu-
lation. Previous studies' have observed that cardiac parasympathetic
function is reduced in postmenopausal women, due to aging and hor-
mone level, when compared with pre- or transition to menopause. Other
studies indicate that certain interventions, such as physical exercise,
could increase the heart rate variability (HRV), the parasympathetic
modulation’, and the system complexity® in postmenopausal women.

Indeed, HRV as a measure of the autonomic nervous sys-

tem function has been used in several conditions, including in

menopause'*>. However, these studies do not divide their pop-
ulation into early and postmenopausal groups. In general, the
menopausal group consists of women with different years without
a menstrual cycle, and the authors generalized their conclusions,
regardless of the possible influence that the postmenopause time
could have on cardiac regulation.

In this sense, considering that previous studies®” show that some
linear and nonlinear HRV indices have good diagnostic accuracy
in certain populations, and with the intention of distinguishing
the postmenopause stages, our objectives were to compare HRV
indices in early and late postmenopausal women and to assess their

correlation and prognostic value to predict late postmenopausal.

METHODS

Study design and ethical considerations
This observational and retrospective study was performed using

the medical records of patients seen at Climacteric Sector,
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Heart rate variability indices predict late postmenopausal

Gynecology Division, Hospital das Clinicas, Faculdade de
Medicina da Universidade de Sao Paulo (FMUSP) between
2018 and 2019.

This study was approved by the Research Ethics Committee of
the same institution (number 1.977.216). The written informed
consent was obtained from the participants, and their anonymity
was guaranteed, according to the Helsinki Declaration and the
466/2012 resolution of the Brazilian National Health Council.

Population and eligibility criteria

As inclusion criteria, we selected medical records of women
with a clinical (absence of menstruation for a period longer than
12 months) or laboratory (FSH > 30 IU/L) diagnosis of postmeno-
pause, composing a non-probabilistic sampling of convenience.

Exclusion criteria were primary or premature ovarian fail-
ure; active gynecological neoplasia; thromboembolic disorders;
active parathyroid and thyroid endocrine disorders without
treatment; malabsorption syndrome; endometrial thickening
(suspected endometrial cancer); abuse of alcohol or illicit drugs
and psychiatric illness in treatment, use of beta-blockers, acute
cardiovascular disease, and arrhythmias in pregnancy; morbid
obesity (body mass index [BMI] 240 kg/m?); insulin-depen-
dent diabetes mellitus; and current diagnosis of neoplasms and/
or under treatment. All these information were obtained from
medical records. For this reason, we also excluded records with
incomplete information.

Then we divided them into two groups, according to post-
menopause time?, i.e., early (<6 years) and late (>6 years) post-
menopausal. From this, we have excluded those HRV data
with an error greater than 5% in the RR intervals (RRis). Both
the sample composition process and the analyses were carried
out by an independent researcher. Figure 1 shows the sample

selection process.

Sociodemographic and clinical characteristics

For characterization of volunteers, we recollected information
about age (years), postmenopausal time (years), last menstrua-
tion age (years), menarche age (years), reproductive cycle time
(years), BMI, race/ethnicity (i.e., white, mixed race, and black),
marital status (stable union and unstable union), exercise (yes

or no), and smoking (yes or no).

Heart rate variability analysis

For the HRV analysis, we have used the methodologies proposed
by Catai et al.'® and Vanderlei et al.". Initially, the RRis were
recorded by a validated HR receiver (acquisition rate 1000 Hz)
validated equipment for HR capturing beat by beat, during

20 min in rest supine, individually in a quiet environment with

the minimum circulation of people'®. To standardize circadian
influences, all HR records were performed at the same time
of the day (8:00 to 12:00 a.m.) in a room with a temperature
between 22°C and 25°C'*!,

The data series was first digitally filtered, in which only
series with more than 95% sinus rhythm beats were included.
Then, it was manually complemented, and the visual inspec-
tion of the time series on the computer showed the absence of
artifacts. Finally, 1000 consecutive RRis were selected for data
analysis'®!!. We used Kubios HRV Analysis software (v.1.1,
Biomedical Signal Analysis Group, Department of Applied
Physics, University of Kuopio, Finland) for the HRV analysis in

linear (time and frequency domains) and nonlinear methods'®!".

Linear and nonlinear heart rate variability indices
We have performed a linear (time and frequency domains)
and nonlinear analysis of HRV. In the time domain, we have
analyzed statistics and geometric indices. The statistics indi-
ces were as follows: MEANRR (median of RRis/ms), SDNN
(mean standard deviation of all normal RRis/ms), and RMSSD
(square root of the mean of squared differences between suc-

cessive beat intervals/ms)'®!!.
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Figure 1. Sample selection process.
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The geometric indices were as follows: SD1 (standard devia-
tion of the instantaneous variability in continuous RRis, deter-
mined by the width of the ellipse formed by the Poincare plot),
SD2 (standard deviation of long-term continuous RRis, which
determines the length of the plot), SD1/SD2 (ratio between
short and long variations of the intervals), RRtri [triangular
index, calculated from the construction of the histogram den-
sity of normal RRis and obtained by integral division of the
histogram (RRis total number) by the maximum density dis-
tribution (RRi modal frequency), obtained with a sampling
frequency of 128 Hz] and TINN (RRi triangular interpola-
tion, distribution baseline width measured as a triangular base,
approximating the distribution of all RRi)*!.

In the frequency domain, we studied the spectral indices
obtained by Fourier Transform mathematical algorithm. The
indices were obtained from the frequency bands, in which
high-frequency (HF) fluctuations ranging from 0.15 to 0.4 Hz,
low-frequency (LF) fluctuations ranging from 0.04 to 0.15 Hz,
and LF/HF ratio. These indices were presented in normalized
units (nu) and ms>1*11,

In the nonlinear methods, we have analyzed the fractals
proprieties and entropy for evaluating the system complexity.
The fractal analysis was performed by indexes ALPHAL (short-
term fractal scaling exponent, which corresponds to a period
of 4-11 beats), ALPHA2 (long-term fractal scaling exponent
that is longer than 11 beats), and ALPHA1/ALPHA?2 (short-
term fractal scaling exponent/long-term fractal scaling expo-
nent ratio). Entropy is an approach used to quantify the reg-
ularity (complexity) of the RRi series fluctuations. As some
entropy measurements require relatively short recordings, we
have evaluated the sample entropy (SAMPEN), which needs
<200 points''.

Statistical analyses

Data normality was initially determined by the Shapiro-Wilk
test. To describe the variables, the median and the standard devi-
ation values were used for quantitative variables, and absolute
and relative frequency for qualitative variables. Comparisons
between early postmenopausal and late postmenopausal women
were performed using the Mann-Whitney test and chi-square
test. In addition, Spearman’s correlation test was used to com-
pare the HRV and time since menopause.

The definition of the cutoff points for the HRV indices was
obtained by the receiver-operating characteristic (ROC) curve.
In addition, sensitivity, specificity, positive predictive values,
and negative predictive values for the occurrence of the late
postmenopausal phase were obtained. The cutoff point was
determined by the Youden index'?. The area under the curve
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was considered significant when values 20.650 were obtained®.
For all analyses, a 95% confidence level was used. The program
used was Stata version 13.0.

RESULTS

We analyzed data from 160 women, of which 37 were excluded.
Sociodemographic and clinical profiles and comparison between
HRYV indices of the women evaluated are shown in Table 1.

Table 2 presents the correlation between HRV indices and
postmenopausal time. There was a significant weak negative
correlation in SDNN, RRtri, and SD2.

Table 3 shows sensitivity, specificity, ROC curve, and pos-
itive and negative predictive values of HRV indices to predict
late postmenopausal. The geometric index RReri presented the
potential to predict late postmenopausal.

DISCUSSION

The main results of this study are that there was a significant
weak negative correlation in global HRV indices and postmeno-
pausal time, and the RRtri presented potential to predict late
postmenopausal. In addition, except for the RRtri, there were
no differences in autonomic modulation between women with
early or late postmenopause.

Regarding sociodemographic and clinical characteristics,
because of groups characteristics, differences were already
expected. Also, we have observed no differences in their BMI,
smoking, and exercise habits, which are factors that can influ-
ence cardiac autonomic modulation**?. Overweight has been
reported in other studies, and it is a comorbidity associated with
menopausal status and increased cardiovascular risk in this pop-
ulation®"?. About exercises, many studies evaluated the effects
of different physical exercise programs on autonomous regula-
tion and found an increase in HRV??, parasympathetic mod-
ulation®, and system complexity® in postmenopausal women.

In the analysis of linear and nonlinear HRV indices, only
RRtri was significantly lower in postmenopausal women, indi-
cating reduced global HRV in this group. Interestingly, other
global HRV indices (i.e., SDNN and SD2) also tended to
decrease. As for the others, they were not different between
groups. Most studies'? on cardiac autonomic modulation
in postmenopausal women do not divide the subjects by the
postmenopausal time. In general, they carry out evaluations
considering the period before and after menopause, and their
results suggest decreased parasympathetic regulation of HR in
the postmenopause in general. To the best of our knowledge,
only one study'® divided its sample according to the stages of
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Table 1. Sociodemographic and clinical characteristics and heart rate variability indices of the postmenopausal women (Sao Paulo, Brazil).

Early (n=55) Late (n=68)

Variables p?
Mean (SD)
Age (years) 54.01(3.69) 63.07 (7.28) <0.001°
Age of last menstruation (years) 50.60(3.73) 47.61(4.45) <0.001°
Postmenopausal time (years) 3.41(1.68) 15.45 (7.24) <0.0012
Menarche age (years) 12.92(1.75) 12.52(1.85) 0.136
Reproductive cycle time (years) 37.67 (4.29) 35.08(5.11) 0.0092
BMI 27.67 (4.11) 27.19(3.95) 0.566
n (%) b
Race/ethnicity
White 21(39.62) 42 (62.69)
Mixed race 24 (45.28) 21(31.34) 0.030?
Black 8(15.09) 4(5.97)
Marital status
Stable union 25 (45.45) 35(52.24)
0.904
Unstable union 30 (54.54) 33(47.76)
Exercise
Yes 25(54.55) 31(53.73)
0.928
No 30 (45.45) 36 (46.27)
Smoking
Yes 8(84.91) 5(91.94)
0.235
No 45 (15.09) 57 (8.06)

HRV indices

| Early (n=55)

Late (n=68)

Mean (SD)

MEANRR 880.70(135.39) 909.68(119.82) 0.153
SDNN 33.71(26.07) 25.55(10.17) 0.059
RMSSD 24.43(13.81) 21.66(10.08) 0.388
RRtri 8.68(4.21) 7.15(2.56) 0.040¢
TINN 153.89(118.14) 126.76(51.18) 0.115
LF, ms? 378.34 (409.27) 254.80(258.67) 0.230
LF nu 59.26(18.63) 58.24 (18.47) 0.678
HF, ms® 265.18 (270.44) 180.26 (181.15) 0.123
HF, nu 40.82 (18.31) 41.63(18.44) 0.708
LF/HF 2.06(1.59) 2.21(2.28) 0.695
SD1 18.86 (14.38) 15.33(7.14) 0.259
SD2 43.42(36.77) 31.96(14.32) 0.056
SD1/SD2 1.25(0.8¢) 1.28(0.80) 0.929
SAMPEN 1.58(0.35) 1.62(0.3¢) 0.407
ALFA1 1.08(0.27) 1.04(0.28) 0.389
ALFA2 0.62(0.33) 0.59(0.29) 0.963
ALFAT/ALFA2 2.13(0.96) 2.03(0.75) 0.530

Mann-Whitney U test."Chi-square test. ©p<0.05, Mann-Whitney U test. SD: standard deviation; BMI: body mass index. SD: standard deviation; MEANRR: median
of RR intervals/ms; SDNN: mean standard deviation of all normal RRis/ms; RMSSD: square root of the mean of squared differences between successive beat
intervals/ms; HF: high frequency; LF: low frequency; LF/HF: low-frequency/high-frequency ratio; SD1: standard deviation of the RRis; SD2: standard deviation
of long-term continuous RRis; SD1/SD2: ratio between short and long variations of the intervals; RRtri: triangular index; TINN: RRi triangular interpolation;
SAMPEN: sample entropy; ALPHA1: short-term fractal scaling exponent; ALPHAZ2: long-term fractal scaling exponent; ALPHA1/ALPHA2: short-term fractal
scaling exponent/long-term fractal scaling exponent ratio.
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Table 2. Correlation between heart rate variability indices and
postmenopausal time (Sao Paulo, Brazil).

Variables Rho n
MEANRR 0.037 0.678
SDNN -0.193 0.0322
RMSSD -0.093 0.303
RRtri -0.188 0.036?
TINN -0.087 0.335
LF, ms’ -0.121 0.181
LF, nu -0.003 0.969
HF ms? -0.139 0.125
HF, nu -0.0001 0.999
LF/HF -0.001 0.987
SD1 -0.104 0.249
SD2 -0.198 0.0272
SD1SD2 0.087 0.334
SAMPEN 0.050 0.580
ALFA1 -0.012 0.891
ALFA2 -0.035 0.697
ALFA1/ALFA2 0.058 0.518

Rho: Spearman’s correlationtest.2p<0.05.MEANRR: medianof RRintervals/ms; SDNN:
mean standard deviation of all normal RRis/ms; RMSSD: square root of the mean of
squared differences between successive beat intervals/ms; HF: high frequency; LF:
low frequency: LF/HF: low-frequency/high-frequency ratio; SD 1: standard deviation
of the RRis; SD2: standard deviation of long-term continuous RRis; SD1/SD2: ratio
between short and long variations of the intervals; RRtri: triangular index; TINN: RRi
triangular interpolation; SAMPEN: sample entropy; ALPHA1: short-termfractal scaling
exponent; ALPHAZ2: long-termfractal scalingexponent; ALPHAL/ALPHAZ: short-term
fractal scaling exponent/long-term fractal scaling exponent ratio.

menopause, but the authors did not discuss the differences
within the postmenopause group.

Regarding the correlation between HRV indices and groups,
there was a significant weak negative correlation in SDNN,
RRtri, and SD2. These indices express global HRV'*!!, which
could indicate that with the increase in postmenopausal time
there would be a reduction in the global variability. Global
variability can be reduced mainly for two physiological mech-
anisms: (1) either decreased parasympathetic activity alone or
both sympathetic and parasympathetic systems, and (2) or
even by an increase in the sympathetic branch that leads to an
imbalance in the autonomous function. In our study, we believe
that the justification for these results may be the reduction in
the parasympathetic system. Therefore, the discrimination of
late menopause may be related to indexes that are influenced
by cardiac vagal control. When compared to pre- or transition
to menopause women, postmenopausal women have reduced
cardiac function due to aging and hormone levels'?

Regarding the diagnostic accuracy tests, the geometric index
RRtri presented the potential to predict the last postmenopausal
time. Besides, in our results, the greatest sensitivity values have
been observed in the geometric indices, and this could be related
to their ability to discriminate changes in autonomic modu-
lation. Studies®® showed that some linear and nonlinear HRV
indices have good diagnostic accuracy in certain populations.

Table 3. Sensitivity, specificity, ROC curve, and positive and negative predictive values of heart rate variability indices to predict late postmenopausal.

ROC (95%Cl)

| p | sensitivity | Specifiity | _PPV_| NPV Cutoft

MEANRR 0.57 (0.48-0.66) 0.157 48.53(36.2-61.0) | 70.91(57.1-82.4) 1.67 0.73 >936.599975586
SDNN 0.59 (0.50-0.68) 0.0658 | 80.88(69.5-89.4) | 43.64(30.3-57.7) 144 044 <31.299999237
RMSSD 0.545(0.453-0.635) | 0.4008 | 60.29(47.7-72.0) | 56.36(42.3-69.7) 1.38 0.70 <21.200000763
RRtri 0.608 (0.516-0.695) 0.040° 88.24 (78.1-94.8) | 32.73(20.7-46.7) 1.31 0.36 <9.666999817
TINN 0.583(0.490-0.671) | 0.1319 | 76.47(64.6-85.9) | 50.91(37.1-64.6) 1.56 0.46 <150

LF, ms? 0.563(0.471-0.652) | 0.2544 | 69.12(56.7-79.8) | 54.55 (40.6-68.0) 1.52 0.57 <240

LF nu 0.522(0.430-0.613) | 0.6817 52.94 (40.4-65.2) | 63.64(49.6-76.2) 146 0.74 <58.299999237
HF, ms? 0.581(0.489-0.669) | 0.1319 | 75.00(63.0-84.7) | 47.27 (33.7-61.2) 1.42 0.53 <233

HF, nu 0.520(0.428-0.611) | 0.7115 52.94(40.4-65.2) | 63.64(49.6-76.2) 1.46 0.74 >41.099998474
LF/HF 0.521(0.429-0.611) | 0.6984 | 52.94(40.4-65.2) | 63.64(49.6-76.2) 1.46 0.74 <1.404000044
SD1 0.559(0.467-0.649) | 0.2718 58.82(46.2-70.6) | 58.18 (44.1-71.3) 141 0.71 <14.800000191
SD2 0.600(0.508-0.688) | 0.0604 | 70.59(58.3-81.0) | 52.73(38.8-66.3) 149 0.56 <86.299999237
SD1/SD2 0.505(0.413-0.596) | 0.9310 17.65(9.5-28.8) | 67.27(53.3-79.3) 0.54 122 >1.893000007
SAMPEN 0.544(0.451-0.634) | 0.4052 38.24(26.7-50.8) | 74.55(61.0-85.3) 1.50 0.83 >1.827000022
ALFA1 0.545(0.453-0.635) | 0.3951 66.18(53.7-77.2) | 47.27(33.7-61.2) 1.26 0.72 <1.129999995
ALFA2 0.502(0.411-0.594) | 0.9645 67.65(55.2-78.5) | 45.45(32.0-59.4) 1.24 0.71 <0.587000012
ALFA1/ALFA2 0.508 (0.416-0.599) | 0.8787 | 80.88(69.5-89.4) | 30.91(19.1-44.8) 117 0.62 <2.587248325

p<0.05. 95%Cl: 95% confidence interval; PPV: positive predictive value; NPV: negative predictive value; MEANRR: median of RR intervals/ms; SDNN: mean
standard deviation of all normal RRis/ms; RMSSD: square root of the mean of squared differences between successive beat intervals/ms; HF: high frequency; LF:
low frequency; LF/HF: low-frequency/high-frequency ratio; SD 1: standard deviation of the RRis; SD2: standard deviation of long-term continuous RRis; SD1/SD2:
ratio between short and long variations of the intervals; RRtri: triangular index; TINN: RRi triangular interpolation; SAMPEN: sample entropy; ALPHA1: short-term
fractal scaling exponent; ALPHAZ: long-term fractal scaling exponent; ALPHA1/ALPHA2: short-term fractal scaling exponent/long-term fractal scaling exponent ratio.
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Out of various conventional HRV parameters, Himmerle
et al.® indicated the geometric index RRtri as an independent
predictor of cardiovascular and all-cause mortality in a cohort
of patients with atrial fibrillation. Silva et al.” observed that
some geometrics indices showed better sensitivity and speci-
ficity for discriminating autonomic dysfunction in individuals
with type 1 diabetes mellitus compared to individuals with-
out the disease. Pivatelli et al.® reported that the parasympa-
thetic indices presented the highest discriminatory power of
coronary arterial disease, and among the nonlinear indices,
only approximated entropy presented the highest discrimi-
natory power. Using nonlinear dynamics methods, Corréa
et al.” found a significant difference between groups with and
without pulmonary infections in the postoperative period of
myocardial revascularization, through the cutoff levels set by
the ROC curve for total DFA, entropy, and Lyapunov expo-
nent, suggesting that these methods may have a prognostic
value for these patients.

This study presents some limitations: (1) we only use HRV
evaluation and did not perform other types of cardiovascular
risk factors assessment, but this was the proposal to evaluate
the predicted power of the HRV indices alone; (2) there was a
difference in the age of the groups; however, due to the clinical
characteristics of postmenopausal women, this was expected
and had already been described in previous studies. Therefore,

we do not believe that they could influence our findings; and
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