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Abstract 

Anxiety is a negative emotional response to situations that threaten the subject. Objective: The present study aims to 

verify the influence of anxiety on heart rate variability, considering two specific times: hospitalization and before 

surgery. In this analytical and cross-sectional study, the Hospital Anxiety and Depression Scale (HADS) was used to 

classify anxiety levels. Methodology: The time series of RR intervals were collected by Polar® monitor. Nonlinear 

methods and decision tree algorithm were combined with HADS scale to analyze the influence of the preoperative 

period on heart rate variability. The nonlinear methods used detrended fluctuation analysis (DFA), recurrence 

quantification analysis (RQA), and central tendency measure (CTM). Results: Among the 42 study participants, 13 

(31%) were classified as anxious at hospital admission. The applied time domain methods found an increase in the 

heart rate variability (HRV) values in all features analyzed (p < 0.05). CTM method showed HRV reduction for the 

values considering radius between 6 and 20 milliseconds (p < 0.05). Conclusion: The anxiety identified at admission 

is directly related to the reduction in heart rate variability demonstrated by nonlinear methods, such as the central 

tendency measure. 

Keywords: Heart rate variability; Preoperative orthopedic surgery; Anxiety; Nonlinear analysis; Decision tree 

algorithm. 

 

Resumo  

A ansiedade é uma resposta emocional negativa a situações que ameaçam o sujeito. Objetivo: O presente estudo tem 

como objetivo verificar a influência da ansiedade na variabilidade da frequência cardíaca, considerando dois 

momentos específicos: a internação e antes da cirurgia. Neste estudo analítico e transversal, a Escala Hospitalar de 

Ansiedade e Depressão (HADS) foi utilizada para classificar os níveis de ansiedade. Metodologia: As séries temporais 

dos intervalos RR foram coletadas por monitor Polar®. Métodos não lineares e algoritmo de árvore de decisão foram 

combinados com a escala HADS para analisar a influência do período pré-operatório na variabilidade da frequência 

cardíaca. Os métodos não lineares usaram análise de flutuação sem tendência (DFA), análise de quantificação de 

recorrência (RQA) e medida de tendência central (CTM). Resultados: Entre os 42 participantes do estudo, 13 (31%) 

foram classificados como ansiosos na admissão hospitalar. Os métodos aplicados no domínio do tempo encontraram 

aumento nos valores da variabilidade da frequência cardíaca (VFC) em todas as características analisadas (p <0,05). O 
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método CTM mostrou redução da VFC para os valores considerando raios entre 6 e 20 milissegundos (p <0,05). 

Conclusão: A ansiedade identificada na admissão está diretamente relacionada à redução da variabilidade da 

frequência cardíaca demonstrada por métodos não lineares, como a medida de tendência central. 

Palavras-chave: Variabilidade da frequência cardíaca; Pré-operatório de cirurgia ortopédica; Ansiedade; Análise não 

linear; Algoritmo de árvore de decisão. 

 

Resumen  

La ansiedad es una respuesta emocional negativa a situaciones que amenazan al sujeto. Objetivo: El presente estudio 

tiene como objetivo verificar la influencia de la ansiedad en la variabilidad de la frecuencia cardíaca, considerando 

dos momentos específicos: la hospitalización y antes de la cirugía. En este estudio analítico y transversal, se utilizó la 

Escala Hospitalaria de Ansiedad y Depresión (HADS) para clasificar los niveles de ansiedad. Método: Las series de 

tiempo de los intervalos RR fueron recopiladas por el monitor Polar®. Los métodos no lineales y el algoritmo de árbol 

de decisión se combinaron con la escala HADS para analizar la influencia del período preoperatorio en la variabilidad 

de la frecuencia cardíaca. Los métodos no lineales utilizaron análisis de fluctuación sin tendencia (DFA), análisis de 

cuantificación de recurrencia (RQA) y medida de tendencia central (CTM). Resultados: Entre los 42 participantes del 

estudio, 13 (31%) fueron clasificados como ansiosos en el momento del ingreso al hospital. Los métodos aplicados en 

el dominio del tiempo encontraron un aumento en los valores de variabilidad de la frecuencia cardíaca (VFC) en todas 

las características analizadas (p <0,05). El método CTM mostró reducción de la VFC para los valores considerando 

radios entre 6 y 20 milisegundos (p <0.05). Conclusión: La ansiedad identificada al ingreso está directamente 

relacionada con la reducción de la variabilidad de la frecuencia cardíaca demostrada por métodos no lineales, como la 

medida de tendencia central. 

Palabras clave: Variabilidad de la frecuencia cardíaca; Pacientes en cirurgía ortopédica preoperatoria; Ansiedad; 

Métodos no lineales; Algoritmo de árbol de decisión. 

 

1. Introduction 

The number of accidents and traumas in the Brazil continues to grow. This situation reflects directly on the 

organization and spending of the health system to attend these patients. Accidents and trauma can lead to complex bone 

fractures, with major blood loss (Datasus, 2019; Jorge et al., 2008; Melione & De Mello-Jorge, 2008). Orthopedic trauma is 

one of the main existing morbidities in current society. It can compromise the function of individuals, their economic 

participation in society, and their family and social integration (Kfuri Junior, 2011). The hospital intervention indicated for the 

restoration of affected structures is often orthopedic surgery. 

The preoperative period started with the diagnosis, then the decision for the surgery, and is followed by recovery and 

rehabilitation. This time can be accompanied by various feelings such as anxiety, insecurity, and fear of the unknown (Hayashi 

& Garanhani, 2012). The preoperative anxiety may be related to a series of changes after surgery, including increased pain, 

nausea, vomiting, and postoperative anxiety (Caumo et al., 2001). One study with patients who underwent elective surgical 

procedures for small and medium issues showed that: 44.3% of patients had anxiety and 26.6% depression, with unemployed 

patients displaying a higher anxiety level (Marcolino et al., 2007). 

Anxiety is a negative emotional response to situations that threaten the subject (Eysenck et al., 2007). State of anxiety 

(SA) can be defined as a state where the individual is unable to create a behavior to remove or change the event/object that is 

threatening an existing goal (Power & Dalgleish, 2007). Many patients have high-stress levels, independent of the degree of 

complexity of the surgery, which can be related to the misinformation about the surgical procedures, anesthesia, and 

preoperative care (Christóforo & Carvalho, 2009). 

Disorders such as anxiety and depression can be measured by scales, inventories, and questionnaires, that can use 

clinical evaluation or self-evaluation. These instruments can facilitate communication among the healthcare team to decrease 

the pain and symptoms of anxiety and depression. The instrument for self-evaluation of anxiety and depression employed in 

this work is the Hospital Anxiety and Depression Scale (HADS), which is the most appropriate instrument for hospitalized 

patients. The HADS was used to assess the presence of anxiety and depression in patients preoperatively for elective surgeries 

(Marcolino et al., 2007). 
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Anxiety disorders are among the most prevalent psychiatric disorders (Kessler et al., 2007). They can increase three to 

four times the risk of cardiovascular disease (CVD) (Härter et al., 2003; Kemp et al., 2015), and increase about twice the risk 

of cardiac mortality (Roest et al., 2010; Shibeshi et al., 2007). Thus, anxiety is associated with high blood pressure, heart rate 

(Noteboom et al., 2001), and (Homma & Masaoka, 2008) respiratory rate. To evaluate the changes caused by anxiety, heart 

rate variability (HRV) is used. This non-invasive measurement is related to the balance of activities of the autonomic nervous 

system (ANS) considering the sympathetic and parasympathetic branches (Wijngaarden et al., 2013). This variability is normal 

and demonstrates the ability of the heart to respond to environmental and physiological stimuli (Kamath et al., 2016).  

Chalmers et al. (2014) studied whether anxiety disorders or its symptoms are associated with heart rate variability. 

They concluded that the specific symptom of concern is associated with strong reductions of HRV (Chalmers et al., 2014). 

Reductions of HRV in the sleeping state reflect a cardiac autonomic dysfunction, which plays a key role in the development of 

cardiovascular diseases. These reductions can establish a link between anxiety and health problems (Chalmers et al., 2014; 

Malpas, 2010).  

HRV is a quantitative marker related to the role of the ANS on the cardiac autonomic activity found in various 

pathologies of the cardiovascular system (Sakakibara, 2018). The HRV is regarded as a non-invasive tool to evaluate the ANS 

in various clinical situations (Task Force of the ESC-NASPE, 1996). The methods employed to analyze HRV include the time 

and frequency domain, and nonlinear methods (Aubert et al., 2003). The purpose of this study is to verify the influence of 

preoperative anxiety of orthopedic surgery on the HRV. We used the following methods from frequency domain (Tarvainen et 

al., 2014) and nonlinear methods: detrended fluctuation analysis (DFA) (Kemp et al., 2012), recurrence quantification analysis 

(RQA) (Javorka et al., 2008), and central tendency measure (CTM) (Dos Santos et al., 2015). 

 

2. Methodology 

2.1 Local and Participants 

This analytical and transversal study employed quantitative approach. It was performed at the University Hospital of 

the Western of Paraná, located in Cascavel, state of Paraná, Brazil, during February and March 2016. The hospital attends 

approximately 2 million inhabitants with 195 hospital beds dedicated to the Brazilian Unified Public Health System (SUS). 

This study was approved by the Research Ethics Committee of from University of Vale do Paraiba under the number 1400688. 

All study participants agreed with participation in the research and they signed an Informed Consent Form in accordance with 

Helsinki Declaration. 

The dataset was composed of 42 male participants between 18 up to 70 years old. The inclusion criteria were men 

waiting for orthopedic surgery of the upper limbs without presence of neurological impairments, obstructive pulmonary 

disease, respiratory distress, and symptoms of strong pain for all cases. The study participants declared that they did not use 

illicit drugs, antidepressant medications, beta-blockers, and anticonvulsants. They also did not have a pacemaker. 

The reason for selecting the male gender is that men tend to show a potentially risky behavior that causes accidents 

(Albuquerque et al., 2012). This statement is justified by the increased frequency of the number of accidents involved male 

drivers (in cars or motorcycles) (De Castro et al., 2013).  

 

2.2 Experimental Protocol 

The data collected was divided into two steps: the first step was at the admission into the hospital and the second step 

was 2 hours before the orthopedic surgery. These procedures did not interfere in the conventional sector routine. In the first 

step, the study participant answered a sociodemographic questionnaire, and had their anthropometric measurements verified, 

vital signs taken, the level of anxiety and depression were classified using the HADS scale, and heart signals (RR interval time 
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series) obtained. For the second step, the vital signs and heart signals were obtained from the study participants for 15 minutes. 

The sociodemographic questionnaire comprises 10 questions with a maximum of four possible answers (a/b/c/d). The 

HADS instrument (Zigmond & Snaith, 1983) consists of 14 questions – seven questions related to anxiety and seven related to 

depression status. Each possible response ranges from zero to three points, and the maximum score of the instrument is 21 for 

each section. According to HADS, a score higher or equal to 9 is considered a diagnosis of anxiety (Zigmond & Snaith, 1983). 

The RR interval time series were obtained by Polar® monitor (V800 or RS800) (Vanderlei et al., 2008) following the 

guidelines (Task Force of the ESC-NASPE, 1996). A strap on the bottom of the sternum bone was installed at the level of the 

patient’s xiphoid. The study participant remained in the supine position for 15 minutes to record signals. All RR interval time 

series obtained were filtered using an adaptive filtering algorithm. This preprocessing reduces the influence of potential 

artifacts, ectopic beats, and other interference not arising from the sinus rhythm (Dos Santos et al., 2013). Adaptive filtering 

algorithm is based on the average and standard deviation of the RR interval time series obtained. It consists of three 

procedures: (a) removal of RR intervals less than 350 ms and higher than 1200 ms, (b) adaptive procedure to estimate binomial 

filtered series, average, and standard deviation of the time series, and (c) adaptive procedure control for complementary 

exclusion rules to determine if the RR interval analyzed is from sinus rhythm. 

 

2.3 Heart Rate Variability Analysis  

Frequency domain 

For the resting condition of the individuals, we used the frequency domain obtaining the power spectral density 

analysis (Brunetto et al., 2005; Cambri et al., 2008). Four frequency bands were delimited (Marães, 2010; Rajendra et al., 

2006; Task Force of the ESC-NASPE, 1996): High frequency (HF), from 0.15 to 0.40 Hz, is related to parasympathetic 

nervous system (PNS) (Marães, 2010; Rajendra et al., 2006).  Low frequency (LF), from 0.04 to 0.15 Hz, is modulated by the 

PNS and the sympathetic nervous system (SNS) and has been related to the regulatory system through pressure 

(baroregulatory), temperature (thermoregulatory), vasomotor activity, and the renin-angiotensin system. Very low frequency 

(VLF), from 0.01 to 0.04 Hz, is related to renin-angiotensin system. For Ultra-low frequency (ULF), from 10-5 to 10-2 Hz, 

there is still no consensus on the relationship between this index and the ANS.  

The LF/HF ratio reflects the absolute and relative changes between the sympathetic and parasympathetic components 

of the ANS, characterizing the sympathovagal balance of the heart (Rajendra et al., 2006; Melo et al., 2005). The 

autoregressive model (AR) was used to estimate the frequency spectrum. The model for the frequency spectrum estimation is a 

parametric method that provides high resolution frequency (Huikuri et al., 2003; Rajendra et al., 2006). 

 

Nonlinear methods 

The following nonlinear methods were used: Detrended Fluctuation Analysis (DFA) (Kemp et al., 2012), Recurrence 

Quantification Analysis (RQA) (Javorka et al., 2008), and Central Tendency Measure (CTM) (dos Santos et al., 2015). The 

DFA method quantifies the presence or absence of fractal correlation properties of the RR intervals. This is partly related to 

changes in the characteristic spectral behavior of the heart rate (Peng et al., 1995). This method is based on the analysis of the 

fractal correlation within the analyzed signal considering different time scales (Yeh et al., 2010). These correlations are divided 

into short-term fluctuations (α1) and long-term (α2). DFA exponents values close to 1.0 are characteristic of a fractal-like 

signal. It represents a balance between the total randomness and predictability. DFA exponent values close to 0.5 are 

associated with a random signal, while values close to 1.5 are a strongly correlated signal. 

The DFA method was chosen for HRV analysis because it can stratify signals obtained from healthy subjects and 

cardiac patients (Yeh et al., 2010). Recent studies have reported the susceptibility of the DFA to the HRV analysis in the short-
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term (Zbilut & Webber, 1992). The DFA was the basis of the study that analyzed a sequence of R waves of short-term 

measurements in non-medicated patients with depressive disorder. The authors identified a significant increase of DFA in this 

group compared to the control group (Kemp et al., 2012).  

Recurrence Quantification Analysis (RQA) is suitable to analyze the HRV time series allowing direct quantification 

of the complex dynamics of heart rate modulation (Dos Santos et al., 2014; Javorka et al., 2008). This useful tool helps to 

elucidate changes in the ANS at the time (Marwan et al., 2007). The recurrence is a basic feature of the many dynamic 

systems, which is defined as the repeated occurrence of a certain state of the system at the time. Recurrence Plot (RP) is a 

graphical representation of such recurrences in a dynamic system (Webber & Zbilut, 1994). The structures exposed by RP 

provide information about the properties of the system and can be quantified by RQA (Jeong et al., 2002; Marwan et al., 2002). 

RQA identified significant changes in the HRV of young patients with diabetes mellitus when compared with healthy 

individuals (Javorka et al., 2008).  

Central Tendency Measure (CTM) quantifies the variability of the successive RR intervals in the time series (Cohen et 

al., 1996). This method provides a graphical representation (second-order difference plot) of the degree of variability of the RR 

interval time series and it displays the nonlinear aspects of the signal (Witten et al., 2011). CTM has been widely used in 

modeling of biological systems (Cohen et al., 1996), hemodynamic, and HRV analysis considering different groups of 

individuals (Dos Santos et al., 2015).   

Through the CTM, a quantitative analysis of the time series variability was performed through a scatter plot. The 

CTM is calculated using a circular region of radius ρ, which must be chosen following the characteristics of the analyzed data. 

Around the origin, the points contained in the circle are counted and divided by the total points (Dos Santos et al., 2015).  

 

2.4 Decision Tree Classifier 

Decision Tree Classifier (J48) was used to verify the relationship between the HADS scale, data collected from 

sociodemographic questionnaire, vital signs, and features obtained from frequency domain and nonlinear methods. The J48 

algorithm provides a hierarchical multistage classification from the dataset input. It divides a complex decision in many small 

parts until it reaches the final solution (Masetic & Subasi, 2016).  

The decision tree has different levels of the features classification, where the first one (root) represents the feature able 

to distinguish groups with greatest gain of information calculated. The combination between features in the different levels of 

the classifier leads to label classification. The software employed was WEKA (Safavian & Landgrebe, 1991). The decision tree 

was used to identify and diagnose congestive heart failure patients (Maciel et al., 2015), and the risk of life in patients during 

screening activity in an emergency room (“Physical status: The use and interpretation of anthropometry,” 1995). 

 

2.5 Statistical Analysis 

The data were submitted to descriptive statistical analysis. To compare variables obtained in the two steps of the data 

collected, we used the paired Student’s t-test or Mann-Whitney test when the variables did not display Gaussian distribution. In 

all cases p < 0.05 was considered as significance level with a confidence interval of 95%. 

 

3. Results 

3.1 Characterization of the study participants 

In total, 42 men participated in this study, age 36.21 ± 11.30 years. Table 1 displays the sociodemographic 

characteristic of the study participants. According to sociodemographic characteristics, 22 (52.38 %) men were married, and 

the participates earned an average of US$ 500 (equivalent to R$ 2,800) (see Table 1). 
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Table 1. Socio demographic characterization of 42 patients collected preoperatively to orthopedic surgery. 

Variables n (%) Average ± SD 

Age (years) - 36.21 ± 11.30 

Married 22 (52.38) - 

Single 14 (33.33) - 

Divorced 6 (14.29) - 

Religion   

Catholic  28 (66.67) - 

Protestant  8 (19.05) - 

Other religion 2 (4.76) - 

No religion 4 (9.52) - 

Number of children - 1.35 ± 1.26 

Income (minimum wage) - 2.61 ± 1.69 

SD = standard deviation.   

Source: Authors. 

 

Table 2 displays the anthropometric characteristics obtained from the study participants. The average weight was 

77.44 ± 15.82 kg, the height of participants was 1.73 ± 0.08 m. The average body mass index (BMI) was 25.85 Kg/m2, 

indicating the participants were overweight (60). Most of men did not smoke (61.8%), and they did not use medicines (90.48 

%). In terms of physical activities, 33.33% of the study participants did physical exercises on average 2.78 days per week.  

 

Table 2. Anthropometrics of the study participants. 

Features n (%) Average ± SD 

Weight (Kg) - 77.44 ± 15.82 

Height (m) - 1.73 ± 0.08 

BMI (kg/m2) - 25.85 ± 5.02 

Smoking 

Yes 

No 

 

16 (38.10) 

26 (61.90) 

 

- 

- 

Use of medicines 

Yes 

No 

 

4 (9.52) 

38 (90.48) 

 

- 

- 

Practice physical activity 

Yes 

No 

 

14 (33.33) 

28 (66.67) 

 

- 

- 

Frequency of the physical activity (days) - 2.78 ± 0.80 

SD = standard deviation.   

Source: Authors. 
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Table 3 presents the comparison of the vital signs from the study participants obtained in the two steps: hospital 

admission and 2 hours before the surgery. The heart rate (HR) was slightly lower at the second step than in the first step. There 

was a statistically significant difference (p < 0.05) between HR in both steps. 

 

Table 3.  Comparison of the vital signs from study participants at hospital admission (admission) and 2 hours before the 

surgery (preoperative). The paired student’s t-test or Mann-Whitney test (no Gaussian data) were used. 

Features Admission 

Average ± SD 

Preoperative 

Average ± SD 

p-value 

SBP (mmHg)  122.61 ± 14.49 121.66 ± 15.28 0.770 

DBP (mmHg) 74.52 ± 11.51 74.28 ± 11.29 0.881 

MAP (mmHg) 
90.55 ± 11.59 90.08 ± 11.46 0.827 

HR (bpm)  75.57 ± 14.60 69.59 ± 11.16 0.038 * 

RR (rpm)  17.19 ± 3.35 17.5 ± 3.11 0.662 

Temperature (ºC) 36.28 ± 0.58 36.27 ± 0.45 0.917 

SD = standard deviation; Preoperative = 2 hours before the surgery; SBP: systolic blood pressure; DBP: diastolic blood pressure; 

MAP: mean arterial pressure; HR: heart rate; RR: respiratory rate. * t-test = p < 0.05.    

Source: Authors. 

 

3.2 Heart rate variability analysis 

According to the HADS scale obtained from individuals, two groups were established: HADS ≥ 9 (classified as 

anxious group) and HADS < 9 (non-anxious group). Table 4 displays the values of the applied methods (frequency domain, 

DFA and RQA methods) on the RR interval time series obtained from the study participants in the first step (admission 

hospital). According to HADS scale for this step (HADS-A), 13 (31 %) of the study participants were classified as anxious, 

and 29 (69 %) were classified as non-anxious. There was no statistically significant difference between the groups (HADS-A ≥ 

9 and HADS-A < 9) considering the RR interval time series obtained from first step. 
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Table 4. Comparison of indexes of the frequency domain, DFA, and RQA methods obtained from RR interval time series 

between HADS-A ≥ 9 and HADS-A < 9 groups.  

Methods applied HADS-A ≥ 9 

Average ± SD 

n = 13 

HADS-A < 9  

Average ± SD 

n = 29 

p-value 

Frequency domain     

VLF peak (Hz) 0.004 ± 0.004 0.005 ± 0.006 0.662 

LF peak (Hz) 0.08 ± 0.03 0.07 ± 0.02 0.049* 

HF peak (Hz) 0.19 ± 0.04 0.19 ± 0.05 0.784 

VLF power (ms2) 0.0015 ± 0.0013 0.001 ± 0.001 0.889 

VLF power (%) 47.30 ± 15.58 53.93 ± 13.22 0.197 

LF power (ms2) 0.0010 ± 0.0007 0.0008 ± 0.0007 0.453 

LF power (%) 34.91 ± 12.50 31.66 ± 9.69 0.416 

LF power (n.u.) 67.81 ± 17.39 70.31 ± 15.15 0.659 

HF power (ms2) 0.0006 ± 0.0006 0.0004 ± 0.0005 0.367 

HF power (%) 17.75 ± 13.07 14.38 ± 10.57 0.423 

HF power (n.u.) 32.11 ± 17.33 29.63 ± 15.14 0.660 

LF/HF power (ms2) 3.06 ± 2.14 3.74 ± 3.46 0.445 

Total power (ms2) 0.003 ± 0.002 0.0027 ± 0.002 0.525 

Nonlinear - DFA     

Short-term (α1) 1.22 ± 0.24 1.26 ± 0.26 0.634 

Long-term (α2) 0.90 ± 0.15 0.92 ± 0.13 0.740 

Nonlinear - RQA    

L max (beats) 519.00 ± 340.26 657.10 ± 318.81 0.277 

REC (%) 0.35 ± 0.07 0.39 ± 0.06 0.121 

DET (%) 0.98 ± 0.01 0.99 ± 0.005 0.327 

ShanEn 3.32 ± 0.31 3.42 ± 0.23 0.165 

SD = standard deviation; * p < 0.05 – Mann-Whitney test 

Source: Authors. 

 

Table 5 presents the CTM values for different radius obtained for RR interval time series from two steps: hospital 

admission and preoperative. The CTM values reduced in the second step for all different radius used. There was a statistically 

significant difference for r = 6 ms up to r = 20 ms. 
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Table 5. Comparison of CTM values (average ± SD) for different radius (ms) between two steps: hospital admission (A) and 

preoperative (P).  

Radius 

(ms) 

Admission 

Average ± SD 

Preoperative 

Average ± SD 

p-value Radius 

(ms) 

Admission 

Average ± SD 

Preoperative 

Average ± SD 

p-value 

CTM1 0.0008± 

0.0015 
 

0.0005 ± 

0.0009 

0.418 CTM15 0.2686± 

0.2387 
 

0.1572± 

0.1505 
 

0.013* 

CTM2 0.0062± 

0.0088 
 

0.0035± 

0.0081 
 

0.145 CTM16 0.2907± 

0.2504 
 

0.1746± 

0.1587 
 

0.013* 

CTM3 0.0163± 

0.0231 
 

0.0087± 

0.0171 
 

0.092 CTM17 0.3110± 

0.2605 
 

0.1902± 

0.1657 
 

0.013* 

CTM4 0.0285± 

0.0382 
 

0.0147± 

0.0277 
 

0.062 CTM18 0.3329± 

0.2705 
 

0.2083± 

0.1742 
 

0.014* 

CTM5 0.0432± 

0.0562 
 

0.0224± 

0.0399 
 

0.054 CTM19 0.3542± 

0.2801 
 

0.2260± 

0.1826 
 

0.015* 

CTM6 0.0656± 

0.0827 
 

0.0340± 

0.0565 
 

0.044* CTM20 0.3732± 

0.2874 
 

0.2438± 

0.1904 
 

0.017* 

CTM7 0.0839± 

0.1007 
 

0.0435± 

0.0664 
 

0.033* CTM30 0.5313± 

0.3168 
 

0.4125± 

0.2537 
 

0.061 

CTM8 0.1064± 

0.1223 
 

0.0555± 

0.0808 
 

0.027* CTM40 0.6439± 

0.2999 
 

0.5512± 

0.2685 
 

0.139 

CTM9 0.1308± 

0.1429 
 

0.0694± 

0.0941 
 

0.022* CTM50 0.7208± 

0.2724 
 

0.6562± 

0.2566 
 

 0.266  
 

CTM10 0.1531± 

0.1604 
 

0.0814± 

0.1045 
 

0.018* CTM60 0.7816± 

0.2387 
 

0.7341± 

0.2330 
 

0.359 

CTM11 0.1776± 

0.1788 
 

0.0953± 

0.1143 
 

0.014* CTM70 0.8293± 

0.2035 
 

0.7937± 

0.2093 
 

0.432 

CTM12 0.1979± 

0.1942 
 

0.1086± 

0.1236 
 

0.014* CTM80 0.8651± 

0.1767 
 

0.8381± 

0.1863 
 

0.497 

CTM13 0.2217± 

0.2092 
 

0.1250± 

0.1344 
 

0.014* CTM90 0.8944± 

0.1486 
 

0.8709± 

0.1665 
 

0.497 

CTM14 0.2470± 

0.2244 
 

0.1422± 

0.1431 
 

0.013* CTM100 0.9169± 

0.1250 
 

0.8960± 

0.1487 
 

0.487 

SD = standard deviation; * student t-test = p < 0.05 

Source: Authors. 

 

The J48 algorithm was used to correlate the different data from the sociodemographic questionnaire, vital signs, and 

features from nonlinear methods applied on the RR interval time series (only the admission step) with the HADS scale. This 

algorithm provides a decision tree as an output to understand the correlation between quantitative and qualitative features. In 

http://dx.doi.org/10.33448/rsd-v10i8.17237
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this study, the label classifications were anxious (HADS-A ≥ 9) and non-anxious (HADS-A < 9). 

In total, 63 features were used as input for J48 algorithm: 14 features from sociodemographic questionnaire and vital 

signs, 13 features from frequency domain, and 36 features from nonlinear methods (DFA, RQA, and CTM). Figure 1 shows 

the decision tree obtained for the input set. Notice that the algorithm considered 6 important features in the 5 different levels 

for classification of the whole dataset. The root level of the decision tree was the DFA-α2. This represents the feature with 

greatest gain of information able to distinguish the groups. In terms of accuracy of the classification, 40 instances (participants) 

were correctly classified representing 95.2%, and 2 instances were incorrectly classified representing 4.8%. The kappa index 

was 0.89 and the average of the absolute error was 0.07. 

 

Figure 1. Decision tree obtained by J48 algorithm. 

 

Source: Authors. 

 

4. Discussion 

The sociodemographic data revealed the average age of the study participants was 36 years old, which is similarly to 

those found in other studies (Lima et al., 2004; Pereira et al., 2014). However, the literature pointed to a high incidence of 

orthopedic procedures in the elderly population (Albuquerque et al., 2012). Concerning the gender, some studies reported high 

incidence (60.7 % up to 89.6 %) of the orthopedic trauma in men (Albuquerque et al., 2013; Sakaki et al., 2014; Vargas et al., 

http://dx.doi.org/10.33448/rsd-v10i8.17237
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2006). 

Vital signs showed reduction for all variables in the second measurement (preoperative) with a statistically significant 

difference for heart rate (HR). This reduction may be related to the patients’ adaptation into the hospital environment after  

admission. For the patient's stay in the hospital, their doubts about the surgery procedure must be clarified. This can prevent 

patients from having negative feelings or anxiety resulting from misinformation about the procedures. It suggests that 

knowledge developed by patients can change their health behavior (Lake et al., 2002).  

The analysis of HRV linear indices at admission period showed that the imbalance between the sympathetic and 

parasympathetic branches persists in the period preceding the surgery, with a predominance of sympathetic, which would 

justify the higher values of α1 at the admission compared to the preoperative period. Additionally, no significant differences 

were observed for the features of RQA. A study carried out in Portugal is noteworthy in stating that the application of non-

linear methods, in the domain of time or frequency alone is unable to characterize HRV through dynamic parameters. This is 

because the non-stationary character of humans makes the study of HRV limited by traditional methods. 

The decision tree generated by J48 algorithm presents the DFA-α2 (Figure 1) as the feature with highest gain of 

information. Considering this dataset, DFA-α2 was considered by the classifier an important attribute to determine if the HRV 

could be related to the level of anxiety of the study participants in hospital admission. The average value of the DFA-α1 for the 

anxious group was 1.22 (values related to fractal-like signal), while the average value for non-anxious group was 1.26 (tending 

to a nonlinear dynamic system). The average values of the DFA-α2 showed a small variation between anxious (0.90) and non-

anxious (0.92) groups, where both values were related to features from fractal-like signals. Melillo et al. (2011) identified an 

association between pre-competitive anxiety and the increase in the level of the exponent DFA-α1 in a short period of time 

(Melillo et al., 2011). However, Millar et al. (2009) identified reduction of DFA-α1 values under stressful situations in 

academics (Millar et al., 2009).  

In this study, the behavior of DFA-α1 indicated alterations in the HR dynamics. The difference is expected for the 

function of the sympathetic and parasympathetic components under the HR, i.e., when one component increases the activity 

over HR, the other one decreases its activity. There was a strong short-term fractal correlation according to the increase of the 

DFA-α1 value (Tulppo et al., 2001, 2005; Vanderlei et al., 2010; Wessel et al., 2001). The analysis of the linear indices of 

HRV at the hospital admission found that the imbalance between the sympathetic and parasympathetic components of the ANS 

persists in the period before the surgery. Thus, the SNS predominates, which would justify the increase of the DFA-α1 values 

at the hospital admission compared to the preoperative step. 

We observed a lower heart rate variability in patients classified as anxious than in non-anxious patients, although 

without statistical difference. These data corroborate the results of other studies, which revealed that anxiety disorders are 

associated with significant reductions in HRV (Associação Brasileira para o Estudo da Obesidade e da Síndrome Metabólica 

[ABESO], 2016; Chalmers et al., 2014; Javorka et al., 2008). Anxiety, as well as other conditions that alter the state of health 

of the individual, interfered directly in HRV.  

Analysis of the results of HRV by CTM at two different collection times (admission and preoperative) identified a 

reduction of the values in all the spectra, however, with a statistically significant difference between 6 and 20 milliseconds rays 

(Table 5). The values of the spectrum at the patient’s admission are bigger, which is far from zero, denoting a lower HRV at 

this time compared to the preoperative period.   

The HRV in the time series is quantified by measuring the number of different points scattered in a representation of 

the second order. The high variability is represented by a high degree of dispersion, while the low variability implies a high 

concentration of points near the origin (Dos Santos et al., 2015). In this study, this fact can be explained by several factors, 

such as fear, not being familiar with the environment, and lack of information. At the second data collection, the patient had 

http://dx.doi.org/10.33448/rsd-v10i8.17237
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already received the information according to the routine of the institution, was receiving the medication prescribed by the 

doctor, and the problem that caused the hospitalization was to be resolved. 

Another variable pointed to by the J48 tool for having a relationship with the object of study was physical activity. 

Among the 42 participants, 28 (66.67%) responded that they do not perform activities, demonstrating the existence of a 

sedentary condition, which is one of the main factors that raise the risk for the occurrence of cardiovascular diseases (CVD) 

(Billman, 2009). Moderate physical exercise can increase vagal control in the heart and reduce sympathetic activity (Montano 

et al., 2009). Thus, exercise can restore sympathetic balance, inducing increased parasympathetic vagal modulation and 

decreasing sympathetic modulation in the heart, thus favoring the prognosis of the individual cardiovascular disease carrier. 

However, the mechanisms for this are not yet clear and the most accepted hypothesis is that exercise can increase the constant 

relationship between cardiovascular and respiratory centers in the CNS and respiratory center exerts an inhibitory effect on 

sympathetic activity (Montano et al., 2009). 

From the analyzes performed with J48 algorithm, we concluded that the anxiety identified at the time of admission 

was directly related to the reduction of HRV for some methods, even without statistically significant difference. Reductions in 

HRV in the sleep state reflect an autonomic cardiac dysfunction, and this plays a key role in the development of cardiovascular 

diseases. 

 

5. Conclusion 

When hospital patients do not receive adequate perioperative assistance, they can have a distorted perception of 

reality, since the hospital environment and, especially, the surgical center is completely unknown and perceived as hostile to 

most people. 

Therefore, it is necessary to know the relationship between the anxiety of patients in the periods leading up to the 

surgery and the heart rate variability, taking into account the importance that the changes of this variability may pose to the 

health of the individual and the risks that this provides to the other perioperative steps. From this knowledge, the institution 

may develop a permanent education program to improve the quality of care offered by the client, as well as conduct new 

research on the topic. 
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