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Abstract

:

Decision-making styles are a habit-based propensity that drive behavior and affect daily life. Rational and intuitive decision-making styles have been associated with good mental health. However, the underlying mechanisms are not clear. In the last decade, high basal levels of heart rate variability (HRV) have been proposed as an index of health and emotional control, and this could be one of the variables involved in the effects of decision making on health. Therefore, the aim of this study is to analyze the capability of decision-making styles to predict resting HRV. A cross-sectional study was conducted in a sample of 199 (119 women) young university students, and a resting ECG was recorded to extract frequency domain HRV variables. Subsequently, participants completed sociodemographic data and the General Decision-Making Style questionnaire (GDMS). Results showed that the intuitive style predicted high-frequency HRV, while the avoidant style predicted less low-frequency HRV. This study presents new data on the relationship between decision-making style and HRV, suggesting that the intuitive style has a cardioprotective effect, while the avoidant style is related to lower HRV, which has been associated with health vulnerability. In conclusion, this study contributes to the understanding of HRV and its potential as a biomarker for cognitive styles that may improve health.
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1. Introduction


Human existence is intricately intertwined with the ubiquitous phenomenon of decision making, spanning a continuum from seemingly inconsequential choices to those of profound significance. Scott and Bruce (1995) delineated decision-making styles as patterns of learned behavior, constituting habitual responses shaped by contextual cues that influence perception and action in diverse situational contexts. Based on their research, five distinct decision-making styles have been reported, each delineated through observable behavioral manifestations and not necessarily mutually exclusive in nature. The rational style is typified by a methodical and logical approach to problem solving, wherein decisions are guided by systematic analysis and objective information evaluation. In contrast, the intuitive style is based on subjective impressions and an acute sensitivity to subtle cues, often privileging feelings, gut instincts, and emotional insights. The dependent style is characterized by a propensity to seek external guidance and validation from others, prioritizing input from trusted sources in the decision-making process. Conversely, the avoidant style manifests as a deliberate aversion to making decisions whenever feasible, reflecting a preference for avoiding or postponing choice points. Finally, the spontaneous style is characterized by a proclivity for impulsive and immediate decision making, wherein choices are made quickly, without consideration of long-term implications [1]. The recognition of these distinct decision-making styles offers valuable insights for understanding and predicting human behavior across various domains, ranging from personal decision-making contexts to organizational settings. As a consequence, the General Decision-Making Styles questionnaire was developed to assess the different styles. These decision-making styles have been related to daily life decisions and their subsequent consequences [2,3], to coping style [4] in conflict management [5], to goals and motivations [6], and to competence and mental health. Indeed, decision outcomes can have health consequences, and the different styles have been considered risk or protective factors for mental health. That is, the willingness to use intuitive style is related to better mental health, to subjective well-being, and to lower levels of stress and depression. Conversely, a predominance of the avoidant style is associated with worse mental health and decision-making competency [7], lower self-esteem, impaired self-regulation ability, and difficulty initiating action in decision-making situations [8]. In addition, the rational style has been linked to lower perceived stress levels. On the other hand, the dependent and avoidant style scores are related to sleep problems, and higher perceived stress, cortisol response [9,10], and negative affect [11]. Furthermore, the avoidant style has been positively related to depression, anxiety, somatic symptoms, and poor emotional regulation [12]. In fact, individuals exposed to a stressful decision-making task showed a greater amount of negative stress and higher cortisol levels when exhibiting an avoidant style [13]. Furthermore, decision-making styles have been studied in suicidal ideation and suicide attempts. It was found that the spontaneous style was higher in people with suicide attempts than in people with suicidal ideation. This suggests that the spontaneous style may be a discriminator between suicidal ideation and attempts [14]. Overall, these results point out that individual differences in the proneness to certain decision-making styles are related to differential adaptation to changing situations. Thus, the existing literature shows that high scores in rational and intuitive styles lead to better mental health and, on the contrary, high scores in dependent, avoidant, and spontaneous styles imply maladaptive physiological responses and impairment of mental health.



Decisions, as integral components of daily life, manifest as rapid, flexible, and adaptable responses to situational demands. These cognitive processes necessitate seamless coordination between cerebral cognition and physiological responses within the body [15]. The intricate interplay between inhibitory mechanisms originating from the prefrontal ventromedial cortex (PFCvm) and cardiac parasympathetic (vagal) control leads to a higher heart rate variability (HRV), according to Thayer’s neurovisceral integration model [16] and the polyvagal theory [17]. This vagal control, intricately linked to self-regulation, significantly impacts stress modulation, emotional regulation, cognitive flexibility, and overall well-being [16,17,18]. Therefore, the convergence dynamics of neural and physiological processes underpin decision making.



Moreover, HRV has been proposed as a physiological marker related to flexible responses and behaviors in changing situations [19,20]. Specifically, HRV is a cardiovascular index that reflects the rhythmicity of the heart, and the different rhythms are related to different physiological processes: high-frequency (HF) rhythm is associated with respiratory sinus arrhythmia (RSA) and vagal tone [21] and low-frequency (LF) rhythm with baroreflex function [22]. Basal HRV has been considered an endophenotype [15]; individuals characterized by low basal HRV levels exhibit an augmented vulnerability to mental and cardiovascular illnesses, thereby implicating HRV as a potential biomarker [20]. The interconnection between neural structures allows the prefrontal cortex (PFC) to exert an inhibitory influence, enabling individuals to respond to environmental demands and organize their behavior properly through attention, working memory, or mental flexibility, that is, executive functions. Therefore, HRV represents not only tonic influences of PFC but also a wide range of processes related to adaptation [16]. The literature has demonstrated a relationship between HRV under stress and value-based learning and decision making [23]. Empirical evidence suggests an association between enhanced cognitive performance in decision-making tasks and concurrent patterns of adaptive HRV responses during stressful situations [24] and heightened vagal control both at baseline and across various phases of stress reactivity and recovery [25]. Additionally, day-to-day decisions conform to habits with a cumulative impact on overall health outcomes. These habits are capable of modifying resting HRV; for instance, lifestyle factors such as smoking [26], alcohol consumption [27], or lack of physical exercise [28] are associated with low levels of HRV, indicative of compromised parasympathetic function and heightened susceptibility to adverse health outcomes.



In summary, previous research has pointed out that decision making is associated with basal and reactive HRV [24,25]. In this regard, if the decision-making competences are related to good executive control [29], it is probable, given the relationships between executive control and HRV, that decision-making styles are related to HRV. In the current study, we have focused our interest on decision-making styles as a steady variable, in order to investigate their influence on HRV, in the same way as previous investigations have focused on daily life habits. Therefore, the aim of this study is to investigate whether decision-making styles can predict resting HRV. We hypothesized that greater use of rational and intuitive styles, which are associated with better mental health, will result in higher HRV; conversely, dependent, avoidant, and spontaneous styles, associated with poor mental health and less control, will predict low HRV.




2. Materials and Methods


2.1. Participants


The sample was composed of 199 (119 women) Spanish university students, with ages ranging from 18 to 30 (mean ± standard error of mean (SEM) = 21.60 ± 0.17). In order to assure that the sample size was suitable for this investigation, G power was calculated (minimum sample size per condition = 31), based on [25]. Participants were recruited using informative posters and were selected from a larger (n = 286) sample using a questionnaire that included the following exclusion criteria, based on Laborde et al.’s (2017) recommendations for performing HRV research: suffering from cardiovascular (n = 4), respiratory (n = 10), neurological, or psychiatric disease (n = 9); drug consumption (n = 52); alcohol dependence (n = 5); intake of cardioactive medication (n = 7) [30].




2.2. Procedure


Participants arrived at the laboratory and were informed about the general study procedure. After that, informed consent was obtained from all subjects involved in the study, approved by the Ethics Research Committee of the University of Valencia (ethical approval code H1432733559923). The study was conducted in accordance with the Declaration of Helsinki. Experimental sessions were carried out from 9:00 am to 20:00 pm and lasted around 30 min. Prior to commencing the procedure, the experimenter asked if the participant needed to use the bathroom [31]. Weight, height, and waist-to-hip measurements were taken, and electrodes for electrocardiogram (ECG) assessment were placed. Subsequently, participants were instructed to wait 10 min without any specific instruction on breathing or keeping their eyes open or closed [32]. After that, the ECG electrodes were removed, and participants filled in the General Decision-Making Style questionnaire and sociodemographic data.




2.3. Instruments


	
Sociodemographic data and questionnaires






Sociodemographic data: An ad hoc questionnaire was used to assess age, socioeconomical variables, and habits, with the objective to control for variables that could influence HRV. Therefore, participants answered questions about sleeping hours the night before the experiment, physical exercise, alcohol consumption 24 h before the experiment, smoking status, and number of cigarettes per day. Finally, the consumption of stimulant beverages, smoking, drinking, and eating two hours before the experiment were controlled for.



General Decision-Making Style (GDMS): The Spanish version of GDMS [4] was selected, based on the original scale [1]. This questionnaire consists of five sub-scales that measure five decision-making styles—rational, intuitive, dependent, spontaneous, and avoidant—with good construct validity for the factors. The Cronbach’s alphas for each scale in the present study were as follows: rational (α = 0.78), intuitive (α = 0.82), dependent (α = 0.83), spontaneous (α = 0.86), and avoidant (α = 0.91). The authors have permission to use this instrument from the copyright holders [4].



	
Cardiovascular measures






The ECG was recorded using three adhesive foam electrodes with conductive hydrogel. The signal was acquired and digitalized at 1000 Hz using PowerLab/16SP hardware (Castle Hill, ADInstruments, Australia) and LabChart software version 5.2. Data were filtered using a 1 Hz low-pass digital filter; after that, the ECG was visually inspected, and abnormal data were edited. Finally, the ECG was analyzed using Kubios Analysis software 2.2 (Biomedical Signal Analysis Group, University of Kuopio, Finland; Tarvanien 2014 [33]). In accordance with Task Force (1996) recommendations for HRV [34], we used the first 5 min of recorded data as a habituation period and analyzed HRV parameters using the last 5 min.



Power spectral analyses of HRV were calculated by means of Fast Fourier Transformation (FFT) to extract frequency domain measures. Spectral power density was expressed in absolute units (ms2/Hz). This study computed the very low frequency (VLF) band (between 0.003 and 0.04 Hz); the LF band (between 0.04 and 0.15 Hz), which is an index of the baroreflex function and could be interpreted as both sympathetic and parasympathetic control [35]; and the HF band (between 0.15 and 0.40 Hz), which reflects the RSA and can be taken as an index of parasympathetic control. The total HRV power (HRVTOT) was computed by the addition of the frequency bands (HF + LF + VLF). Additionally, we calculated the hertz where HF was collected (HFHz), which is an index of the respiratory rate.




2.4. Statistical Analyses


Outliers were calculated using the 3 standard deviations method. One participant was identified as an outlier for HRV variables and, consequently, was removed from the statistical analysis. Kolmogorov–Smirnoff testing was used to check the normality. Age, number of cigarettes, hours of sleep, rational style, intuitive style, spontaneous style, avoidant style, VLF, LF, HF, HRVTOT, and HFHz did not follow a normal distribution and were normalized with the Log10 method.



In accordance with Laborde et al.’s (2017) [30] recommendations, t-tests were conducted to examine the potential influence of confounding variables (eating or drinking stimulant beverages two hours before the experiment, alcohol consumption or strenuous physical activity within 24 h of the experiment) on HRV. To control for the influence of sex on HRV [36], we checked sex differences by means of t-tests. Also, Pearson correlations were carried out with HRV variables, decision-making styles, age, body mass index (BMI), waist-to-hip ratio, number of cigarettes per day, and sleep hours. When any of these variables were related to an HRV index, we used this variable as a covariate in the models testing this HRV index.



Second, to test our hypothesis, two-step multiple linear regression analyses were performed to assess whether decision-making styles predicted HRV. For each HRV variable (VLF, LF, HF, and HRVTOT), we performed five regressions using each decision-making style (rational, intuitive, dependent, spontaneous, and avoidant) separately. In the first step, we introduced covariates (i.e., sex, age, BMI, waist-to-hip ratio, eating or drinking stimulant beverages hours before, alcohol consumption, strenuous exercise, number of cigarettes smoked, or hours of sleep) only when these variables showed significant t-test results or correlated with the HRV tested variable in the preliminary analyses. In the second step, we introduced the decision-making style scores.



The alpha level was fixed at 0.05. All statistical analyses were performed using SPSS 20.0.





3. Results


3.1. Preliminary Analyses


Means from demographic characteristics, decision-making styles, and HRV variables separated by sex are shown in Table 1. When comparing men and women, there were significant differences in BMI (t195 = −2.99, p = 0.003, d = 0.43), waist-to-hip ratio (t191 = −9.52, p < 0.001, d = 1.37), VLF (t196 = −3.24, p < 0.001, d = 0.46), LF (t196 = −4.51, p < 0.001, d = 0.65), and HRVTOT (t196 = −2.49, p = 0.013, d = 0.36); women had lower values for BMI, waist-to-hip ratio, VLF, LF, and HRVTOT than men (Table 1). The rest of the confounding variables checked by the t-test did not show significant differences for HRV (p’s > 0.05).



All the correlations are presented in Table 2. From the confounding variables, HFHz correlated negatively with LF (r = −0.23, p < 0.001); waist-to-hip ratio correlated positively with VLF (r = 0.16, p = 0.023); number of cigarettes correlated negatively with VLF (r = −0.14, p = 0.048) and LF (r = −0.14, p = 0.048); and hours of sleep before the experiment correlates positively with HF (r = 0.17, p = 0.016).




3.2. Decision-Making Styles Predict HRV


After controlling the confounding variables for each HRV variable, the results indicated that the intuitive decision-making style was positively associated with HF (β = 0.18, CI95: [0.11, 1.17], rpartial = 0.18, t(174) = 2.39, p = 0.018, R2 = 0.06) and HRVTOT (β = 0.14, CI95: [0.01, 0.83], rpartial = 0.14, t(195) = 1.99, p = 0.048, R2 = 0.07).



On the other hand, the avoidant decision-making style was negatively associated with LF (β = −0.13, CI95: [−0.49, −0.004], rpartial = −0.14, t(190) = −2.00, p = 0.047, R2 = 0.16) and as a trend with HRVTOT (β = −0.13, CI95: [−0.47, 0.02], rpartial = −0.13, t(190) = −1.83, p = 0.069, R2 = 0.06).



Rational, dependent, and spontaneous styles did not have predictive results for any HRV measure (p’s > 0.1).





4. Discussion


The existing body of literature suggests a positive relationship between better decision-making abilities and enhanced executive control [29]. Hence, the primary objective of this study was to examine the predictive capacity of decision-making styles for resting HRV. On the basis of the associations between executive control and HRV, our hypothesis posited that decision-making styles characterized by greater adaptability would be positively related to higher HRV levels. The findings of this investigation unveiled significant relationships between intuitive and avoidant decision-making styles and resting HRV, a physiological indicator of emotional regulation, physiological integrity, and mental well-being. Specifically, individuals with higher levels of intuitive style exhibited elevated levels of resting HF and HRVTOT. Conversely, participants exhibiting pronounced avoidant style displayed diminished levels of resting LF and, albeit as a trend, HRVTOT. In contrast, no significant associations were observed between the other decision-making styles assessed in this study and resting HRV.



This study revealed that the intuitive style was positively related to the HF band during resting conditions, which is a marker of RSA [21], alongside HRVTOT. In this sense, heightened HF is indicative of enhanced self-regulation, emotional modulation, and cognitive regulation [15,37,38], underscoring the adaptive nature of intuitive decision making in facilitating psychophysiological resilience. Conversely, the findings corroborate the notion that avoidant styles exhibit a diminished capacity to adapt to stressful circumstances [13]. Consequently, such tendencies may predispose individuals to long-term health complications and ailments, encompassing disturbances in sleep patterns [9,10], heightened levels of stress, anxiety, or depression [7], negative affective states [11], and compromised mental well-being [12].



In accordance with our hypothesis, the avoidant style appears to be associated with diminished HRV in resting conditions, particularly evident within the LF band. Notably, the LF band of HRV serves as a marker of baroreflex function [22], exerting regulatory inhibitory control over heart rate and myocardial contractility [39]. The inhibitory modulation facilitated by baroreflex function confers a cardioprotective effect, thereby rendering lower LF band values indicative of heightened susceptibility to manifesting a reduced capacity for adaptive physiological regulation in response to stressors [20]. Therefore, it is possible that individuals exhibiting an avoidant style may be predisposed to the deleterious effects of acute and chronic stress, thereby increasing cardiovascular vulnerability, morbidity, and mortality.



The remaining decision-making styles, the rational, dependent, and spontaneous ones, did not demonstrate significant explanatory power concerning HRV variables. These results agree with a previous investigation [7] that did not find a significant relationship between the former styles and mental health. Research showed the rational style was associated with lower stress perception and the dependent style with higher stress perception and sleep disturbances [9,10]. One potential rationale for the lack of association between dependent and spontaneous decision-making styles and HRV could be the inherent characteristics of these styles. The dependent style relies on external sources or individuals for decision making, while the spontaneous style is characterized by impulsive actions without prior deliberation, suggesting reduced internal cognitive processing compared to other decision-making modalities.



However, this explanation does not correspond with the results for the rational style which, in this sense, seems to be driven by more consistent behavior that relates to using more cognitive resources. If we consider that the rational style is characterized by the need for a logical understanding of the world, being more closely related to conscientiousness than the rest of the styles [40], people who engage more in this style may exhibit traits such as perfectionism, rigidity, and inflexibility. Although our hypothesis suggested that the rational style would explain HRV, our results did not support this relationship. It is important to note that this is the first study to assess cardiovascular parameters in their relation to decision-making styles. This finding suggests that physiological changes associated with decision making may be relatively independent of the tendency to use a rational style. Therefore, this study suggests that in environments characterized by variability, challenge, or unpredictability, the most adaptive decision-making approach may be based on feelings [41], a characteristic of the intuitive decision-making style. Consequently, habit-driven decision-making processes may lead to a more adaptive behavioral and physiological response to dynamic situational demands. Indeed, prior research has pointed out the pivotal role of effective decision making in eliciting adaptive HRV responses across various contexts, such as in competitive settings [24], and at different stages in a decision-making task [25].



While this research offers valuable insights into the relationship between decision-making styles and HRV parameters, we acknowledge several inherent limitations that warrant consideration. First, the methodological approach adopted, with five linear regression models employed to assess the associations between decision-making styles, HRV parameters, and relevant covariates, raises concerns about the potential for type 2 errors. To minimize this statistical issue, the G power sample size was calculated. Furthermore, the generalizability of our findings may be circumscribed by the specific characteristics of the sample, comprising young and healthy individuals. Consequently, caution must be exercised in extrapolating these results to heterogeneous samples. However, it is noteworthy that our study benefitted from the inclusion of a relatively homogeneous sample, characterized by consistent demographic and health-related attributes.




5. Conclusions


In conclusion, the findings of this study underscore the intricate relationship between decision-making styles and HRV as a physiological indicator of mental and physiological well-being. Specifically, our results suggest that individuals exhibiting intuitive decision-making styles may experience enhanced cardiac autonomic regulation, as evidenced by higher HRV levels, thereby conferring potential cardioprotective benefits. Conversely, a propensity towards avoidant decision-making styles appears to be associated with diminished HRV, which has been implicated in heightened vulnerability to adverse health outcomes. Our investigation did not reveal significant associations between dependent, spontaneous, and rational decision-making styles and HRV. This nuanced differentiation highlights the differential impact of specific decision-making styles on physiological indices of health and underscores the need for interventions centered on promoting healthy decision-making profiles. By elucidating the predictive role of decision-making styles in HRV dynamics, this study contributes novel insights to the literature on psychophysiological interactions. Specifically, our findings suggest that certain decision-making styles may serve as predictors of HRV, thereby offering a potential way of identifying biomarkers of cognitive styles with implications for health outcomes. It is worth noting that our findings have implications for both research and clinical practice. The observed association between intuitive decision-making styles and increased basal HRV highlights the multifaceted nature of psychophysiological interactions and the importance of considering cognitive styles in the assessment and management of health outcomes. Moving forward, future research should be advanced to discover and understand the underlying mechanisms driving the observed associations between decision-making styles and HRV, thereby developing targeted interventions aimed at optimizing cognitive functioning and well-being.
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Table 1. Mean ± SEM of confounding variables, decision-making styles, and HRV parameters by sex (men/women).






Table 1. Mean ± SEM of confounding variables, decision-making styles, and HRV parameters by sex (men/women).





	Variable
	Men
	Women
	Total





	Age
	21.82 ± 0.25
	21.45 ± 0.22
	21.59 ± 0.17



	BMI **
	24.05 ± 0.35
	22.59 ± 0.32
	23.17 ± 0.24



	Waist-to-hip ratio ***
	0.81 ± 0.01
	0.73 ± 0.01
	0.76 ± 0.004



	Number of cigarettes
	0.85 ± 0.26
	1.44 ± 0.29
	1.21 ± 0.20



	Hours’ sleep
	7.13 ± 0.19
	6.76 ± 0.16
	6.91 ± 0.12



	Rational
	4.10 ± 0.07
	4.02 ± 0.06
	4.06 ± 0.04



	Intuitive
	3.51 ± 0.09
	3.62 ± 0.08
	3.58 ± 0.06



	Dependent
	3.36 ± 0.08
	3.57 ± 0.09
	3.48 ± 0.06



	Spontaneous
	2.39 ± 0.09
	2.45 ± 0.09
	2.43 ± 0.07



	Avoidant
	2.46 ± 0.11
	2.35 ± 0.10
	2.39 ± 0.07



	VLF ***
	148 ± 16
	101 ± 8
	120 ± 8



	LF ***
	1776 ± 148
	1055 ± 77
	1343 ± 79



	HF
	893 ± 104
	852 ± 93
	868 ± 69



	HRVTOT **
	2816 ± 228
	2008 ± 148
	2330 ± 130



	HFHz
	0.22 ± 0.01
	0.24 ± 0.01
	0.23 ± 0.01







** p < 0.01, *** p < 0.001. Note: BMI = body mass index, VLF = very low frequency, LF = low frequency, HF = high frequency, HRVTOT = total heart rate variability, HFHz = high-frequency hertz.













 





Table 2. Pearson correlations of confounding variables, decision-making styles, and HRV parameters for regression analyses.
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