
The variable heart: High frequency and very low frequency 
correlates of depressive symptoms in children and adolescents

Julia D. Blooda, Jia Wub,f, Tara M. Chaplinc, Rebecca Hommerd, Lauren Vazquezb, Helena 
J.V. Rutherfordb,f, Linda C. Mayesb,f, and Michael J. Crowleyb,e,f,g,*

aSchool of Medicine, University of Texas Health Science Center, San Antonio, TX, USA

bYale Child Study Center, Yale School of Medicine, New Haven, CT, USA

cDepartment of Psychology, George Mason University, Fairfax, VA, USA

dEmotion and Development Branch, National Institute of Mental Health, National Institutes of 
Health, Bethesda, MD, USA

eProgram for Anxiety Disorders, Yale Child Study Center, New Haven, CT, USA

fDevelopmental Electrophysiology Laboratory, Yale Child Study Center, New Haven, CT, USA

gCenter for Translational Developmental Neuroscience, Yale Child Study Center, New Haven, 
CT, USA

Abstract

Background—Work examining the link between lower heart rate variability (HRV) and 

depression in children and adolescents is lacking, especially in light of the physiological changes 

that occur during pubertal development.

Method—We investigated the association between spectral measures of resting HRV and 

depressive symptoms among 127 children and adolescents, ages 10–17. Using spectral analysis, 

we evaluated (1) the association between relative high frequency (HF) HRV and depressive 

symptoms; (2) the predictive power of relative HF HRV for depressive symptoms in the context of 

relative low frequency (LF) and relative very low frequency (VLF) HRV; and (3) the relationship 

between relative HF, LF, and VLF band activity, age and pubertal maturation.

Results—Consistent with previous work, results revealed that relative HF HRV was negatively 

associated with self-reported depressive symptoms. As well, relative VLF HRV was positively 

associated with depressive symptoms. Regression analyses revealed that relative HF HRV and 

relative VLF HRV significantly predicted self-report depressive symptoms while controlling for 

age, sex and pubertal maturation, with relative VLF HRV emerging as the strongest indicator of 
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depressive symptoms. Developmental findings also emerged. Age and pubertal maturation were 

negatively associated with relative HF HRV and positively correlated with relative VLF HRV.

Conclusions—Results provide support for the relationship between HRV and depression and 

suggest that both HF and VLF HRV are relevant to depression symptom severity. Findings also 

reinforce the importance of considering pubertal development when investigating HRV-depression 

associations in children and adolescents.

Limitations—Influences on cardiac control including physical activity levels and exercise 

patterns could be controlled in future work. Our data speak to a depressive symptom dimension 

and relative spectral power HRV. Thus, we cannot make strong claims about relative spectral 

power HRV and clinical depression.
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1. Introduction

Depression is a common mental illness, prevalent not only in adults, but also in children and 

adolescents. According to the National Institute of Mental Health, approximately 11 percent 

of adolescents have a lifetime prevalence of a depressive disorder, and the risk of developing 

a depressive disorder increases across adolescence. Interestingly, depressive symptoms in 

children are strong predictors of later depression in adolescence (Keenan et al., 2009) and 

also into adulthood (Pine et al., 1999). In addition to its widely studied cognitive symptoms, 

depression is associated with a number of physical signs and symptoms including pain, 

fatigue, digestive problems and even changes in the body’s inflammatory response (Bizik et 

al., 2014; Trivedi, 2004). A growing body of work shows that depression is associated with 

cardiac function, particularly heart rate variability (HRV) (Carney et al., 2005, 2001), 

although there is disagreement concerning the cause of HRV abnormalities among those 

with major depressive disorder (MDD) (Kemp et al., 2011; Licht et al., 2011). Some 

investigators find that changes in HRV are due to clinical depression itself (Kemp et al., 

2010) whereas others report that antidepressant treatment contributes to reductions in HRV 

(Licht et al., 2010). In their meta-analytic review, Kemp et al. (2010) concluded that among 

adults without cardiovascular disease, those with MDD had a reduction in HRV (high 

frequency (HF) spectral measure) and HF HRV was negatively associated with depressive 

symptom severity. Anti-depressant medications did not affect HRV despite clinical 

improvement in their depressive symptoms, suggesting that the change in HRV is related to 

the underlying depression, and not medications (Kemp et al., 2010). Conversely, Licht and 

colleagues (Licht et al., 2010) report a decrease in HRV among individuals with prolonged 

use of antidepressants, with partially reversible effects after discontinuing the treatment (see 

Licht et al. (2015) for similar findings older adults). These findings suggest that medications 

could cause the decrease in HRV, perhaps more than the depression itself (Licht et al., 

2010).

HRV is a non-invasive measure of autonomic nervous system (Evans et al., 2013) function. 

HRV can reflect the balance between the sympathetic and parasympathetic branches of the 
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ANS. The sympathetic nervous system mediates the body’s fight or flight response, while 

the parasympathetic nervous system promotes self-regulation and self-soothing (Porges, 

2007). Polyvagal theory links autonomic regulation of the heart to the individual’s ability to 

adapt to challenges in the environment (Porges, 1995b). The ANS, and parasympathetic 

activity in particular, have been associated with cardiac vagal tone, reflecting input of the 

vagus nerve to the heart (Porges, 1995c). Vagal control affects the beat-to-beat pattern of the 

heart, and the amount of variability between heartbeats. HRV is therefore a useful indicator 

of vagal tone (Friedman, 2007). HRV has been measured by respiratory sinus arrhythmia 

(RSA), an index of vagal activity that reflects naturally occurring variation in heart rate that 

occurs during a breathing cycle (Berntson et al., 1997, 1993). Previous work found that low 

HRV suggests decreased parasympathetic or increased sympathetic activity (Michels et al., 

2013; Task Force, 1996). Furthermore, HRV and the related metric, RSA, have been linked 

to emotion regulation ability across age groups (Berntson et al., 1997, 1993; Porges, 1995a, 

1994a, 1996). Consistent with the link between vagal tone and emotion regulation (Berntson 

et al., 1997, 1993; Porges, 1995a, 1994a, 1996), low vagal tone at baseline is associated with 

negative emotional traits (Beauchaine, 2001; Thayer and Lane, 2000). Further, a number of 

studies in adult samples find an association between low HRV and depressive disorders 

(Carney et al., 2005; Gorman and Sloan, 2000; Licht et al., 2008; Rechlin et al., 1995, 1994; 

Roose et al., 1989).

Fewer studies have examined the relation between HRV and depression in adolescents and 

children. Adolescent studies have focused mainly on females with clinical diagnoses. Henje 

Blom and colleagues (Henje Blom et al., 2010) found that adolescent females diagnosed 

with anxiety disorders, major depressive disorder (MDD), or both, had lower HRV 

compared with healthy controls. In the same study, healthy control participants who reported 

more depressive symptoms on the Beck Depressive Inventory exhibited less HF HRV 

(Henje Blom et al., 2010). Similarly, Tonhajzerova et al. (2010) found that female 

adolescents with MDD showed significantly decreased HRV magnitude compared to a 

control cohort (Tonhajzerova et al., 2010). Lower RSA has also been linked to MDD in 

adolescent females (Tonhajzerova et al., 2009). In preadolescents, somatic symptoms were 

negatively related to HRV, while cognitive symptoms were positively related to HRV 

(Bosch et al., 2009).

Studies in children more often examine the link between broad-band internalizing problems 

(spanning anxiety and depression) and HRV. In a study of 3–9-year old children, most with 

a parent history of child onset depression, low resting RSA was related to internalizing 

problems (Forbes et al., 2006). Similarly, in a sample of 8–12 year old children at risk for 

depression and conduct problems, low levels of RSA conferred significant risk for 

depression (Shannon et al., 2007). Dietrich and colleagues (2007) found that low basal RSA 

predicted internalizing symptoms in children (Dietrich et al., 2007), while Hinnant and El-

Sheikh (2009) observed that lower levels of basal RSA predicted both internalizing and 

externalizing symptoms, although under stress greater internalizing symptoms predicted 

RSA suppression whereas greater externalizing symptoms predicted RSA augmentation 

(Hinnant and El-Sheikh, 2009). Taken together, these studies suggest lower basal RSA or 

RSA “at rest” is associated with greater depressive and internalizing symptomatology in 

children and adolescents.
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Much of the previous work has used RSA as an index of HRV (Berntson et al., 1997, 1993). 

The overall variability that composes HRV can also be broken down into the frequency 

components. Frequency domain analysis involves taking heart rate inter beat interval 

measures and computing a spectral analysis with the Fourier transform, with multi-second 

frequency bands (high, low, and very low) serving as indices of HRV (Akselrod et al., 

1981). Spectral analysis allows for the examination of the level and type of rhythmic activity 

of underlying physiological systems that support cardiac flexibility. From this perspective, 

high frequency (HF) HRV has been used as an index of parasympathetic activity. RSA 

corresponds to the respiratory frequency, 0.15–0.4 Hz, equivalent to the HF band range. 

Low frequency (LF: 0.04–0.15 Hz) HRV is thought to reflect both sympathetic and 

parasympathetic effects on HRV (Berntson et al., 1997; Silva et al., 2009). Less is known 

about the controlling factors of very low frequency (VLF: 0.0033–0.04 Hz) HRV. Some 

studies suggest a relationship with humoral factors such as thermoregulation and the renin-

angiotensin system (Bernardi et al., 1996; Lindqvist et al., 1990; Taylor et al., 1998), while 

others consider temperature, metabolic and hormonal influences (Friedman, 2007).

Relatively few studies employ spectral analysis to examine the relationship between HRV 

and depression in adolescents and children. For instance, Tonhajzerova and colleagues 

(2009) found that female adolescent participants with MDD had significantly less HF HRV 

compared to healthy matched subjects (Tonhajzerova et al., 2012). At the same time, some 

recent work reports links between VLF and treatment outcomes in patients with MDD (Jain 

et al., 2014). Results indicate that lower baseline relative power of VLF predicted 

improvement in depressive symptoms. Greater relative power of VLF has also been 

connected with higher depression severity in depressed patients (Davydov et al., 2007). 

These results suggest VLF may also be a potential correlate of depressive pathophysiology.

Importantly, developmental factors need attention when considering individual differences 

in HRV among children and adolescents and HRV as a correlate of depressive 

pathophysiology. The onset of pubertal maturation is a time for changes in stress 

responsiveness and emotional reactivity that connect to a heightened risk for 

psychopathology during adolescence (Dahl and Gunnar, 2009; Evans et al., 2013; Stroud et 

al., 2009; Van den Bos et al., 2014). An association between depression and pubertal status 

has been documented (Joinson et al., 2012). As well, starting in adolescence, females appear 

to be more susceptible to depression than males (Costello et al., 2003). This increased risk 

for females may reflect sex differences in physiological reactivity emerging during 

adolescence (Ordaz and Luna, 2012). Correspondingly, some work specifically indicates 

that age and sex might inform the relationship between HRV and depression (Greaves-Lord 

et al., 2007). More generally, age and puberty have been linked to changes in HRV, such 

that adolescents exhibited lower HF HRV than pre-adolescents (Tanaka et al., 2000).

The present study examined spectral HRV markers for predicting depressive symptoms 

among children and adolescents 10–17 years of age. We used 3 commonly used spectral 

metrics of HRV, the relative power of high frequency (HF: 0.15–0.4 Hz), low frequency 

(LF: 0.04–0.15 Hz) and very low frequency (VLF: 0.0033–0.04 Hz) bands. The primary aim 

of this study was to evaluate HF band activity in a typically developing child-adolescent 

sample, as a correlate of depressive symptoms, after considering age, puberty and sex. We 
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hypothesized that adolescents with greater levels of depressive symptoms would have less 

relative HF band activity even after controlling for demographic and developmental factors. 

The second goal of this study was to evaluate the predictive power of relative HF in the 

context of relative LF and VLF HRV. We hypothesized that reduced relative HF HRV 

would more strongly predict depressive symptoms than LF or VLF. As our third goal, we 

examined the associations between HRV (relative HF, LF and VLF), sex, age and puberty.

2. Methods

2.1. Participants

Participants in this study were part of a larger study of 160 adolescents. Included in this 

report were 127 healthy adolescents aged 10–17 years (66 boys, 70 girls) who provided 

sufficient resting heart rate (HR) data for analysis. The 33 not included reflected 10 who 

could not be used due to equipment failure and 18 who did not provide data of sufficient 

quality as detailed below. Additionally, five participants were excluded who, at the time of 

their physiology visit, were found to have started on a medication that could affect their 

ECG. These included two participants who were taking Ritalin, and one participant each 

who were taking Doxofylline, Lamotrigine and Sertraline. Families were recruited via mass 

mailings to New Haven, CT and surrounding towns within a 20-mile radius of the study 

research offices. Children were fluent in English and had no evidence of serious mental 

illness (psychosis, autism, bipolar disorder) assessed via a parental telephone screen. 

Children were considered ineligible for the study if their caregiver, typically their mother, 

reported that the child in question was being treated for, or carried a diagnosis of psychosis, 

autism, or bipolar disorder. Children were intellectually in the normal range based on results 

from the Vocabulary and Similarities subscales of the Wechsler Abbreviated Scale of 

Intelligence (verbal IQ mean = 112.15, SD = 12.13, range 82–139) (Wechsler, 1999). The 

mean age of the children was 13.92 years. (SD = 2.19 years, range = 10.08–17.79 years). 

The ethnicity of participants were: 72.7% Caucasian, 8.8% Hispanic or Latino, 8.1% African 

American, 5.9% Asian, 2.2% American Indian or Alaskan, and 2.2% Other. This research 

was approved by the Yale University School of Medicine Human Investigation Committee 

and was conducted in compliance with the Code of Ethics of the World Medical Association 

(Declaration of Helsinki).

2.2. Procedure

This study was part of a larger study on stress, reward and risk-taking in adolescents 

(Crowley et al., 2013a, 2013b), which included three visits typically across three weeks. 

Visit one included self-report assessments completed by youth, behavioral tasks and a brief 

IQ screen. The psychophysiology session (visit 2) began at 4:05 pm to control for daily 

hormonal fluctuations. During the visit, participants completed questionnaires and 

interviews testing cognitive, intellectual and emotional functioning. Adolescents also 

completed various computer and social tasks while heart rate and neural signals were 

recorded. Questionnaires were administered and salivary cortisol was recorded at intervals 

throughout the session. During the initial 7 min of the visit, the period of interest in this 

report, physiological data was collected as a baseline measure at rest. Informed child and 

Blood et al. Page 5

J Affect Disord. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adolescent assent and parental consent were obtained before the start of the study. 

Participants were compensated $60 as part of a study visit lasting three hours.

2.3. Measures

2.3.1. Adolescent cardiovascular response—Adolescent heart rate was recorded 

using a 3-lead Coulburn Instruments Holter electrocardiogram (ECG). Three leads were 

placed on the participant, one on the left arm as a ground, one on the right upper back and 

one on the left lower back. Prior to this, the area where the electrode was placed was cleaned 

with an alcohol pad, then Nuprep abrasive, and then alcohol again. ECG Biopac leads were 

pre-gelled and self-adhesive. ECG data was recorded using WinDaq Pro data acquisition 

software. The sampling rate was 1000 Hz. Data from the entire visit was processed by 

Matlab to segment the data into the appropriate task sections. The heart rate data was 

imported into QRSTool, where peak heartbeats were selected by hand and inter-beat 

intervals (IBIs) were extracted. Data with movement artifact inhibiting calculation of inter 

beat intervals was considered to be of insufficient quality. Artifact and ectopic beats were 

noted and excluded appropriately. Metrics were then derived by CMetX software. To be 

included, participants had to have at least 6 min of artifact free data. Participants had a mean 

of 6:57 min of artifact free data (SD = 00:07). Artifact free IBI data was inputted into the 

Kubios HRV program for spectral analysis. Three spectral frequencies, relative power of 

very low frequency (VLF: 0.0033–0.04 Hz), low frequency (LF: 0.04–0.15 Hz) and high 

frequency (HF: 0.15–0.4 Hz) in fast Fourier transform (FFT) were extracted. Relative power 

was computed as the percentage of total power in each frequency band (Yeragani et al., 

1997).

2.3.2. Adolescent emotional response—Adolescents completed the Children’s 

Depression Inventory (CDI) (Kovacs, 1992). The CDI contains 27 items scored from 0 to 2, 

with a total score ranging from 0 to 54, and is a commonly used self-report measure for 

children and adolescents to determine the severity of depressive symptoms. Participants also 

completed the Early Adolescent Temperament Questionnaire Depressive Mood Scale 

(EATQ DM) (Capaldi and Rothbart, 1992). The EATQ DM contains 6 items scored from 1 

to 5, with a higher score indicating lowered mood, loss of interest and enjoyment in 

activities and a more unpleasant affect (Capaldi and Rothbart, 1992). The CDI measures 

clinical depression whereas the EATQ DM is used to assess depressive mood as a normative 

temperamental characteristic. We combined these measures to assess depressive symptoms 

from both a normative developmental perspective (EATQ-DM) and a clinical perspective 

(CDI).

2.3.3. Adolescent pubertal status—Adolescents completed the Pubertal Development 

Scale (PDS) Self Report, while the primary caregiver completed the PDS Parent Report 

(Petersen et al., 1988). Both the PDS Self Report and Parent Report contain 5 items scored 

from 1 to 4. The PDS estimates the pubertal status of the adolescent based on the presence 

or absence of developmental features such as growth spurt, pubic hair growth and skin 

changes in both boys and girls, as well as gender specific pubertal changes. Caregiver and 

self-reports on the PDS were highly correlated (r = 0.853). For the purposes of this study we 

used the mean of these two measures in regression analyses below.
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2.4. Data analysis

Analysis was accomplished using SPSS statistical software. The main study variables were a 

depression composite, referred to as our “D-composite” (CDI, EATQ-DM; standardized 

values, averaged) and spectral power in VLF, LF and HF bands. The CDI and EATQ-DM 

have been considered together in a composite in previous research on depressed mood in 

adolescence (Moore et al., 2013). Analysis included linear regression models using the 

depression composite as the criterion variable and the spectral relative power measures as 

the predictor variables.1 The association between age, puberty and HRV measures were first 

analyzed with correlation analyses and further examined within the context of linear 

regression. Probability level of 0.05 for significance and two-tailed tests were used to 

evaluate a priori tests.

3. Results

The means and standard deviations for all major study variables are presented in Table 1. 

Our analytic approach consisted of correlation analyses and hierarchical multiple regression 

analyses. A priori, we were interested in the association between depressive symptoms and 

HRV. The strong association between self-reported EATQ depressive mood and CDI total (r 

= 0.623) justified our creation of an average composite of these two measures. Correlation 

analyses (Table 2) revealed that HF HRV was negatively associated with the depressive 

symptom composite. VLF HRV was more strongly positively related to the depressive 

symptom composite than was HF HRV. LF HRV was unrelated to depressive symptoms 

(see Fig. 1 for scatter plots of the depressive symptom composite and HF, LF and VLF 

HRV). Supporting our decision to consider age and puberty in our models, these measures 

were associated with HF HRV (Table 2). Supporting our decision to consider sex in the 

model, both the EATQ DM measure and the D-composite were associated with sex (Table 

2). Females reported significantly more depressive symptoms than males on our D-

composite (t(125) = −2.059, p = 0.042), with females showing a positive mean z-score and 

males showing a negative mean z-score (Table 1).

To evaluate the predictive power of HF HRV in explaining individual variability in 

depressive symptoms (D-composite), we used hierarchical linear regression, first entering 

age, sex and pubertal development (see Table 3). We began a priori with HF, because 

among spectral measures, HF has the most support in the literature as a correlate of 

depressive symptomatology. In a first block, age, puberty and sex yielded an overall 

significant model F (3, 123) = 6.046, p < 0.001, R2 = 0.129, with sex, age and pubertal status 

all contributing significantly to the model (all ps < 0.05, see Table 3). HF was then added in 

a second block in a stepwise fashion, again yielding an overall significant model, F(4, 122) 

= 6.582, p < 0.001, R2 = 0.177, ΔR2 = 0.049. Sex, age and pubertal status all continued to 

significantly contribute to the model, as did HF (all ps < 0.05, see Table 3). Across our 

correlation and regression analyses, these data indicate that reduced HF is associated with 

greater levels of depressive symptoms, even after accounting for other demographic and 

developmental factors.

1Log of the relative frequency bands resulted in near identical correlations.
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Next, building on the finding of a moderate VLF depressive symptom association, we 

evaluated the relative predictive power of our three spectral HRV measures (HF, LF, VLF) 

for explaining variability in depressive symptoms, after controlling for age, puberty and sex. 

In this analysis we used hierarchical linear regression, entering age, sex and pubertal 

development in an initial block and then adding HF, LF and VLF with a forward selection 

procedure in a second block. In the second block, only VLF remained a significant predictor 

of the depressive symptom composite, F(4, 122) = 7.532, p < 0.0001, R2 = 0.198, ΔR2 = 

0.070. These data suggest that VLF HRV may be a viable risk correlate of depressive 

pathophysiology in children and adolescents, possibly more predictive than HF or LF HRV. 

It is worth noting that the simple correlation between VLF and HF was r = −0.768, which is 

not surprising given that they are relative spectral measures.

It is also worth noting that both age and pubertal status were related to HF and VLF, but not 

LF HRV. In general, increased age and pubertal maturation were associated with decreases 

in HF and increases in VLF HRV. However, the association between the depressive 

symptom composite and HF or VLF remained after considering age and pubertal maturation 

across 10–17 years of age. Notably, although sex was weakly but significantly related to 

depressive symptoms, sex was not significantly related to the HRV measures we examined 

here across the correlation and regression analyses we employed.

4. Discussion

A primary goal of this study was to examine the relationship between depressive symptoms 

and heart rate variability among typically developing children and adolescents. We relied on 

a composite measure of depressive symptoms from the self-reported EATQ Depressive 

Mood scale and the Child Depression Inventory, thus capturing both normative depressive 

mood characteristics (EATQ DM) and clinical symptoms of depression (CDI) among 

children and adolescents. Similar composite measures have been applied in other studies of 

youth depressive symptomatology and allow for inclusion of both the more severe end of the 

depression dimension with the CDI, as well as the less severe end of the depression 

continuum with the EATQ DM (Moore et al., 2013). We employed relative power measures 

of HF, LF and VLF spectral power as used in previous adult studies (Jain et al., 2014).

We observed a significant negative association between depressive symptoms and HF HRV, 

indicating that adolescents with greater depressive symptoms showed less relative power HF 

band activity. This is consistent with previous research in children, finding that lower HF 

power, and therefore lower parasympathetic activity, was associated with sadness, anxiety, 

peer problems and anger (Michels et al., 2013). Our findings suggest that children and 

adolescents with greater depressive tendencies may have less relative parasympathetic 

influence on their HRV.

Interestingly, VLF HRV showed a strong positive association with depressive symptoms, 

stronger than HF HRV. To date, a limited number of studies examine VLF HRV and 

depression—with even fewer examining VLF HRV in a child and adolescent sample. One 

previous study investigated the relationship between relative power VLF HRV at baseline 

with depressive symptoms, finding that lower baseline relative power VLF predicted 
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improvement in depressive symptoms after treatment (Jain et al., 2014). Another study 

investigating the effect of depression in an adult population found that the log of VLF was 

lower among depressed patients compared to non-depressed patients (Carney et al., 2005). 

The difference in these results compared to our own could reflect a developmental effect of 

depression on the VLF component of HRV —although differences in this adult sample 

could also reflect their history of myocardial infarction, clinically depressed status, the index 

examined, or that Carney et al. (2005) measured VLF levels over a 24-h period which is a 

considerably longer data length.

What is compelling about our data is that, even after controlling for sex, age and puberty, 

decreased HF and increased VLF continued to predict greater levels of depressive symptoms 

in our sample. While we examined HF and VLF as relative measures that have ~50% of 

their variance in common, VLF accounted for a greater proportion of the variance in 

depressive symptoms (6.9%) than did HF (3.8%). Other recent work highlights the emerging 

importance of specifically considering greater VLF and depression risk. In a sample of 

middle-aged male twins, Vaccarino and colleagues (2008) documented a common genetic 

factor linking depression with decreased HRV and therefore autonomic dysfunction. Their 

study suggests that genetic background explains most of the variance in VLF power, while 

environmental factors mostly explain the variance in HF power HRV. Furthermore, 

Vaccarino and colleagues found that VLF HRV was among the HRV measures most highly 

correlated with depression (Vaccarino et al., 2008). Understanding that there is an 

underlying genetic component linking HRV to depression, and that VLF band provides a 

strong association for this link, suggests that adolescents with greater relative VLF HRV are 

at increased risk for depression due in part to heritable biological processes reflected in this 

aspect of autonomic function.

While emerging work suggests that VLF HRV is relevant in depression pathophysiology, 

the physiological mechanisms and generation of VLF HRV have not been as clearly defined 

as for HF and LF HRV components. Single neuron recording work in dogs by Amour and 

colleagues (Armor, 2003) indicates that VLF HRV is part of an intrinsic cardiac system, 

produced by the heart itself (Shaffer et al., 2014), and modulated by efferent sympathetic 

activity (Kember et al., 2001). Fundamental to health and wellbeing, VLF HRF is more 

strongly associated with all cause mortality than are LF HRV or HF VLF HRV itself 

(Shaffer et al., 2014). VLF HRV is associated with thermoregulation, the renin-angiotensin 

system and metabolic processes (Bernardi et al., 1996; Friedman, 2007; Lindqvist et al., 

1990; Taylor et al., 1998). Moreover decreased VLF HRV is also associated with chronic 

inflammation, as seen by increased IL-6 and CRP levels (Carney et al., 2007; Janszky et al., 

2004; Lampert et al., 2008). Carney et al. (2007) interestingly found this connection to be 

present particularly in those with depression. Recently Jain et al. (2014) speculated that 

dysregulation of biological rhythms in the VLF frequency range, such as energy 

metabolism, might also affect fatigue as seen in depression.

5. Limitations and future directions

Our findings should be considered in light of study limitations. We did not study clinical 

levels of depressive symptoms. Thus we cannot make strong claims about relative spectral 
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power HRV and clinical depression. In the current study, adolescents were not excluded for 

hypertension or other somatic disorders that could have potentially influenced HRV, 

although no subjects were taking anti-hypertensive medications at the time of participation. 

Some relevant influences on cardiac control including physical activity levels and exercise 

patterns could also be controlled in future work. As well, although we obtained at least one 

cycle of data encompassing the lowest frequency range for VLF (0.0033 Hz) by requiring at 

least 6 min of ECG data, a longer data collection period, perhaps in the 12-min range, would 

likely yield a more stable estimate of VLF HRV.

While existent data already indicates that HF HRV is negatively associated with depression 

and anxiety (Pittig et al., 2013), including an adult sample would be useful to determine 

whether or not patterns of VLF HRV and depressive symptoms continue into adulthood. 

Future work will need to examine spectral HRV measures prospectively vis-à-vis depression 

risk. HRV is viewed as a correlate of emotion regulation ability (Berntson et al., 1997, 1993; 

Porges, 1995a, 1994a, 1996) and some clinical treatments for depression such as 

mindfulness (Teasdale et al., 1995) and yoga (Shapiro et al., 2007) target aspects of emotion 

regulation particularly relevant to heart-rate variability. Future work could examine whether 

VLF HRV and HF HRV are measures impacted by these types of treatments and whether 

such changes track symptom improvement.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix A. Supplementary Information

Supplementary data associated with this article can be found in the online version at doi:

10.1016/j.jad.2015.06.057.
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Fig. 1. 
Scatterplots of a self-reported depression composite and relative spectral power heart-rate 

variability for High Frequency (HF), Low Frequency (LF) and Very Low Frequency (VLF). 

Fit lines are displayed with 95% confidence intervals around the mean.
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