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Abstract: Introduction: Researchers have repeatedly discovered an association between depression and autonomic cardiac dysregulation in 

adults. However, corresponding data concerning minors are still rare. Method: For this exploratory, cross-sectional study, we included N = 43 mi-

nors (age range 9–17 years). The subjects were depressive subjects with or without antidepressant medication (N = 23) or healthy control chil-

dren (HC) (N = 20). We assessed several indices of cardiac functioning using long-term electrocardiogram data (mean heart rate, HR, and sev-

eral parameters of heart rate variability, HRV). We hypothesized that increased HR and reduced HRV are associated with depressive disorders. 

Furthermore, we assessed the impact of age, sex, and antidepressant medication on HR and HRV. Results: When sex and age were controlled 

for, HR was signifi cantly increased in depressive minors compared to HC. However, our preliminary data suggest that this might not be the case 

in medicated patients, and there were no differences between groups regarding HRV parameters. There was no signifi cant correlation in the 

whole sample between severity of depression and both HR and HRV. In the subsample of patients with depression, antidepressant medication 

was associated with lower HR and higher indices of HRV. Conclusion: The data indicate an association between depression and altered auto-

nomic cardiac regulation, which can already manifests in minors.

Keywords: children, depression, autonomic cardiac regulation, heart rate, heart rate variability

Mittlere Herzfrequenz und Parameter der Herzfrequenzvariabilität bei depressiven Kindern und die Auswirkungen von Antidepressiva

Zusammenfassung: Einleitung: Bei Erwachsenen ist eine Assoziation zwischen Depression und autonomer kardialer Funktion wiederholt be-

schrieben worden. Daten von Kindern und Jugendlichen liegen kaum vor. Methodik: In einer explorativen Querschnittsuntersuchung wurden 

N = 43 Kinder und Jugendliche im Alter von 9–17 Jahren untersucht. 23 zeigten eine depressive Störung, die z. T. mit Antidepressiva behandelt 

wurde. Die gesunde Kontrollgruppe bestand aus 20 Kindern. Mittels Langzeit-EKG wurden die mittlere Herzrate (HR) und verschiedene Para-

meter der Herzratenvariabilität (HRV) erhoben. Es wurde geprüft, ob eine erhöhte HR und verminderte HRV mit depressiven Störungen assozi-

iert sind. Zudem wurde der Einfl uss von Alter, Geschlecht und antidepressiver Medikation auf HR und HRV bestimmt. Ergebnis: Unter Berück-

sichtigung des Einfl usses von Geschlecht und Alter war die HR in der klinischen Gruppe im Vergleich zur Kontrollgruppe signifi kant erhöht. Die 

explorativen Daten deuten allerdings an, dass dies nicht für medizierte Patienten galt. Keine signifi kanten Gruppenunterschiede wurden im 

Hinblick auf Parameter der HRV gefunden. In der Gesamtgruppe bestand keine signifi kante Korrelation zwischen der Ausprägung einer Depres-

sion und HR bzw. HRV. In der Subgruppe der depressiven Kinder und Jugendlichen war die Medikation mit verminderter HR und erhöhten HRV-

Indizes assoziiert. Schlussfolgerung: Die Daten deuten eine Assoziation zwischen Depression und veränderter autonomer kardialer Funktion 

bereits bei Kindern und Jugendlichen an.

Schlüsselworte: Kinder, autonome kardiale Regulation, Herzrate, Herzratenvariabilität
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cating that children with a family history of depression 
were characterized by an absence of the typical HRV in-
crease during adolescence. Earlier studies focused solely 
on adolescent girls with depression (Blom, Olsson, Serla-
chius, Ericson, & Ingvar, 2010; Tonhajzerova et al., 2010; 
Tonhajzerova et al., 2009). Only one study also included 
adolescent boys (Byrne et al., 2010). While some found an 
increased HR and no diff erences of high-frequency HRV 
(Byrne et al., 2010), others found decreased indices of 
HRV (high-frequency, low-frequency, RMSSD, and DNN) 
(Blom et al., 2010; Tonhajzerova et al., 2010; Tonhajzero-
va et al., 2009). However, all of these studies – except for 
Blom et al. (2010) – did not account for treatment eff ects 
by antidepressant medication and further assessed elec-
trocardiogram (ECG) data only in unmedicated patients 
and controls. Recently a meta-analysis (Koenig et al., 
2016) indicated reduced vagal functioning (decreased 
high frequency HRV) in depressive children in contrast to 
nondepressed controls. However, most of the studies 
were based on nonclinical samples, and all used short-
time ECG.

The current exploratory study measured changes of au-
tonomic cardiac regulation in a group of minors, including 
children with depressive disorders using long-term 24-
hour ECG monitoring. Although short-term ECG is the 
standard for assessing HRV parameters, the GRAPH gui-
delines (Quintana, Alvares, & Heathers, 2016) also em-
phasize that respiratory parameters may modify the relati-
onship between mean heart rate (HR), HRV, and cardiac 
vagal modulation. Though ambulatory ECG assessments 
are not superior regarding standardization, we wanted to 
obtain more ecologically valid data using long-term ECG. 
We were especially interested in diff erences of the HR 
and HRV parameters (DNN, SDANN, RMSSD) in depres-
sive children and adolescents and healthy controls (HC). 
We expected to fi nd that depressive disorders are associa-
ted with increased HR and decreased HRV parameters. 
We additionally expected that this association is pro-
nounced with increasing depression severity. Furthermo-
re, we wanted to assess the impact of the potential con-
founding factors age and sex on HR and HRV parameters. 
In this context, an inverse association between age and 
HR has repeatedly been shown (e. g., Fleming et al., 2011). 
Most recently, a meta-analysis also revealed a lower HR in 
boys than in girls (Koenig, Rash, Campbell, Thayer, & Ka-
ess, 2017). Finally, we explored whether antidepressant 
medication was associated with changes of HR and HRV 
parameters.

To our knowledge, this exploratory study is the fi rst ob-
servational investigation using long-term ECG to assess 
the impact of antidepressant medication on parameters of 
the autonomic cardiac regulation among depressive child-
ren and adolescents.

Introduction

Depression is one of the most frequent and impairing psy-
chiatric disorders worldwide (Murray et al., 2012), with an 
estimated 1-year prevalence of 4–5 % in mid- to late adole-
scence (Costello, Egger, & Angold, 2005; Costello, Erkan-
li, & Angold, 2006). The burden of depression is high since 
it is associated with substantial present and future morbi-
dity as well as high suicide risk (for a review, see Thapar, 
Collishaw, Pine, & Thapar, 2012). Depression may also of-
ten co-occur with other psychiatric comorbidities such as 
anxiety or conduct disorders. With respect to comorbid 
somatic disorders, the association between depression 
and heart disease is also well documented (for a review, 
see, e. g., , Kemp et al., 2010; Wulsin & Singal, 2003). Alt-
hough this fact is descriptively mirrored in many linguistic 
expressions, such as “dying of a broken heart,” only few 
scientifi c studies have focused on this topic (Glassman, 
2007), especially concerning children and adolescents 
(Koenig, Kemp, Beauchaine, Thayer, & Kaess, 2016).

Several mechanisms have been suggested as linking de-
pression to heart functioning. One of the most promising 
approaches is the association between depression and au-
tonomic cardiac regulation, which can be assessed by 
measuring heart rate variability (HRV) and which has re-
peatedly been shown to be altered in adults (Carney, 
Freedland, Miller, & Jaff e, 2002; Carney, Freedland, & 
Veith, 2005; Penninx, Milaneschi, Lamers, & Vogelzangs, 
2013; Stein et al., 2000). It has been hypothesized that 
HRV might represent a marker of a person’s emotional 
adaptability to environmental infl uences (Appelhans & 
Luecken, 2006; review by Thayer & Lane, 2009). Data 
indicate an inverse relationship between reduced vagal 
activity in depressed adults, as indicated by decreased 
HRV, and depression severity (Kemp et al., 2010; Yeh et 
al., 2016). Moreover, investigations in adult samples indi-
cate that the use of antidepressant medication (especially 
tricyclic antidepressants) might be associated with chan-
ges in HRV parameters (O’Regan, Kenny, Cronin, Finuca-
ne, & Kearney, 2015), while the data with regard to medi-
cation with selective serotonin-reuptake-inhibitors (SSRI) 
is less consistent (Kemp et al., 2010; Licht, de Geus, van 
Dyck, & Penninx, 2010).

These fi ndings might have important clinical implica-
tions, since autonomic cardiac parameters might assist 
both diagnostic procedures as well as monitoring of treat-
ment outcome in depressed patients.

Although depressive disorders frequently carry a risk of 
chronifi cation, beginning in childhood and adolescence 
(Costello et al., 2002; Rohde, Lewinsohn, Klein, Seeley, & 
Gau, 2013), data on autonomic cardiac functioning in un-
derage persons with depression are still rare. An exception 
is the study by rom Gentzler and co-workers (2012) indi-
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6), or because of their values over the cut-off  in the scree-
ning-questionnaires used (n = 5; details below). 

The study sample thus compromised 23 patients with a 
depressive disorder (11 of whom were taking antidepres-
sant medication) and 20 HC.

Clinical Assessment of Psychometric Data

We administered the Child Behavior Checklist (CBCL, 
Achenbach, 1991; Döpfner, Schmeck, & Berner, 1994) to 
screen for internalizing and externalizing symptoms as re-
ported from the parents. Cut-off  for the HC was a T-value 
below 60 in the total score and 60 for the internalizing and 
externalizing subscores, respectively.

Severity of depressive symptoms was assessed by me-
ans of a self-report questionnaire (German version of the 
Children’s Depression Inventory: “Depressionsinventar 
für Kinder und Jugendliche,” DIKJ) with good to very good 
validity and reliability in children aged 9–12 years (for de-
tails, see Kovacs, 1985; Stiensmeier-Pelster, Schürmann, & 
Duda, 2000). The cut-off  for the HC was an unstandar-
dized score below 18.

In all subjects of the clinical group, psychiatric disorders 
were diagnosed by an experienced child and adolescent 
psychiatrist according to DSM-IV-TR (Saß, 2003; Schnei-
der, Unnewehr, & Margraf, 2009) and confi rmed using a 
comprehensive clinical diagnostic assessment including a 
semistructured interview (“Diagnostisches Interview bei 
psychischen Störungen im Kindes- und Jugendalter,” Kin-
der-DIPS) (Schneider et al., 2009). All participants and 
their parents were interviewed separately, and the fi nal di-
agnoses was derived according to a predefi ned scheme for 
the assessment of the Kinder-DIPS (for details, see Ador-
netto, In-Albon, & Schneider, 2008; Schneider et al., 
2009). The Kinder-DIPS is characterized by good to very 
good reliability and validity, with a retest reliability of 98 % 
for depressive disorders according to the diagnostic inter-
view with the child and of 100 % for the interview with 
parents (Schneider et al., 2009).

To assess cognitive functioning in all subjects, we ap-
plied the Culture Fair Test (CFT20-R), which is a valid 
and reliable standardized speech-free IQ assessment 
(Weiß, 2006).

Methods

This exploratory and cross-sectional study was approved 
by the Ethics Committee of the University of Würzburg in 
07/2011 (IRB ID: 108/11).

Sample Recruitment

A total of 33 patients with a suspected depressive disorder 
and 32 HC participated in the study from January 2012 to 
February 2015. Written informed consent was  obtained 
from all children/adolescents and their legal guardians.

M. H. and B. v. D. (at the time medicine students wor-
king on their doctoral theses) recruited all clinical subjects 
consecutively from the inpatient and outpatient units of 
the Center of Mental Health, Department of Child and 
Adolescent Psychiatry, Psychosomatics and Psychothera-
py, University Hospital of Würzburg, Germany.

Somatic diseases were assessed in all subjects by means 
of a survey especially developed for the study, allowing for 
a systematic anamnestic assessment of frequent somatic 
disorders, such as diabetes, high blood pressure, allergies, 
traumatic brain injury, neurological disorders, etc. We 
screened all subjects for internalizing and externalizing 
disorders using the CBCL as well as the DIKJ and BDI-II, 
respectively. In children with a depressive disorder, we ad-
ditionally performed a further extensive clinical assess-
ment of psychiatric data (see below for details).

In accordance with the inclusion and exclusion criteria 
for the clinical sample (see Table 1), we excluded one pati-
ent because of autism spectrum disorder, six because of 
medication intake (e. g., methylphenidate, L-thyroxine), 
and three patients because the diagnosis of a depressive 
disorder could not be confi rmed.

The control group was recruited from a pool of healthy 
children and adolescents from local schools who already 
had participated in former studies of the Center of Mental 
Health. They were selected using an age-matching proce-
dure and consisted of healthy children aged 9 to 17 years 
without any psychiatric or somatic disorder.

We excluded 12 subjects from the control group because 
of reported somatic disorders (n = 1) or missing data (n = 

Table 1. Eligibility criteria for depressive subjects.

Inclusion criteria Exclusion criteria

 – Age: 9-17 years

 – Written informed consent

 – Depressive disorder according ICD-10 or DSM-IV 

 – Suicidal ideation

 – Severe comorbid psychiatric disorder (e. g., posttraumatic stress 

disorder, psychosis, autism spectrum disorder) 

 – Any other severe somatic or neurological disorder
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Results

Sample Characteristics

We examined N = 23 subjects with depressive disorder 
(DD) (11 with antidepressant medication) (mean-age 
13.87 ± 2.2 years), and N = 20 healthy controls (mean-age 
14.25 ± 1.94 years). We found no signifi cant diff erences 
between the two groups with respect to age or sex (age: 
t = 0.59, df = 41, p = .56; sex: Fisher exact p = .497). Table 2 
presents the demographic characteristics of the sample.

Cardiac Parameters

In accordance with our hypotheses, depressive minors had a 
signifi cantly higher mean HR than controls. HRV parameters 
were descriptively smaller in depressive patients, but these 
diff erences failed to be statistically signifi cant (see Table 3).

Against our hypothesis there was neither a signifi cant po-
sitive association between severity of depression (as measu-
red by the DIKJ T-values) and HR nor were there signifi cant 
negative correlations between severity of depression and 
HRV parameters (n = 42; HR: Rho = 0.145, p = .180; DNN: 
Rho = –0.159; p = .158; SDANN: Rho = –0.154, p = 0.165; 
RMSSD: Rho = –0.165, p = 0.148). However, the direction of 
these correlations was in line with our assumptions.

With respect to potential confounding factors, as expec-
ted our correlation analyses revealed a negative associati-
on between age and HR (n = 43, r = –0.35, one-sided p = 
.01) as well as that boys were characterized by a signifi -
cantly reduced HR (n = 43, rpbi = 0.37, one-sided p < .01). 
No signifi cant correlations were found between age or sex 
and HRV parameters.

Our results on diff erences between depressive patients 
and controls in cardiac parameters presented in Table 3 
were not adjusted for age and sex. The two-group ANCO-
VA for HR resulted in a signifi cant model (N = 43, R2 = 0.33, 
sum of squares: 827.3, df = 3, F = 6.28, p < .001) with signi-
fi cant eff ects for the factors age, sex and group (age: F = 
4.90, sex: F = 4.93, group: F = 5.06; all p-values < .05). 
Thus, diff erences between groups were still present when 
controlling for age and sex. All ANCOVAs for HRV para-
meters were nonsignifi cant.

Furthermore, we analyzed the association between an 
antidepressant medication and cardiac parameters within 
the clinical sample and found a signifi cant reduced HR in 
depressed minors with medication compared to those wit-
hout medication (n = 23, rpbi = –0.46, p = .02). HRV was 
slightly higher but not statistically signifi cant in patients 
with medication (n = 23; DNN: rpbi = 0.34, p = .12; SDANN: 
rpbi = 0.32, p = .07; RMSSD: rpbi = 0.29, p = .18; all reported 
p-values are two-sided).

Assessment of ECG

We recorded a long-term 24-hour ECG in all participants 
during everyday activity using a 3-lead portable ECG-re-
corder with a sampling rate of 1024 Hz (DMS 300-3A from 
“MTM multitechmed GmbH”). During ECG recording, all 
subjects kept a diary and took notes detailing their activi-
ties during the day. For the analysis of ECG data, we used 
the MTM-CardioScan 11 software (DM Software Inc., 
USA). All ECGs were fi rst manually inspected for the right 
classifi cation of QRS complexes (usually the central and 
most visually obvious part of the ECG tracing, correspon-
ding to the depolarization of the right and left ventricles). 
Artifacts were excluded. Subsequently the following para-
meters of HRV were determined automatically by the soft-
ware according to guidelines from the Task Force of the 
European Society of Cardiology and the North American 
Society of Pacing and Electrophysiology (1996):
• Mean heart rate (HR)
• Deviation of normal to normal (NN) intervals over a 24-

hour period (DNN)
• Standard deviation of the averages of NN intervals in all 

5-min segments of the entire recording (SDANN)
• Root mean square of successive diff erences (the square 

root of the mean of the square of the diff erences bet-
ween adjacent NN; RMSSD)

(For details of the measurements of HRV please see Mc-
Craty & Shaff er, 2015.)

Statistics

We performed statistical analyses with SPSS-22 (IBM, 
USA). To test the primary hypotheses on between-group 
diff erences in cardiac parameters (HR and the three HRV 
parameters DNN, SDANN, RMSSD), we calculated one-
sided independent t-tests. Between-group diff erences 
with respect to the control variables sex and age were tes-
ted using Fisher’s exact test (sex by group) and indepen-
dent t-test (age by group). We examined associations bet-
ween the control variables sex and age with the cardiac 
parameters using point-biserial and Pearson’s coeffi  ci-
ents. To test the primary hypotheses controlling for sex 
and age, we performed ANCOVAs (cardiac parameters by 
group with sex and age as covariates). To examine the as-
sociation between depression severity and cardiac para-
meters, we correlated T-values of the DIKJ sum score with 
cardiac parameters using Spearman’s coeffi  cient rho. The 
eff ect of medication was assessed in the subsample of de-
pressive patients correlating medication intake as dicho-
tomous variable with the cardiac parameters (point-bise-
rial correlation).
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Table 2. Sample characteristics.

DD

(n = 23)

HC

(n = 20)

Sex ratio (m/f) 5/18 7/13

Outpatient/inpatient 12/11 0/0

IQ (m±SD) 107.1±14.6 108.8±8.8

DIKJ (T-value) 65.7±13.6 (n = 22) 41.2±6.8

CBCL total (T-value) 64.8±6.6 43.5±6.3

CBCL internalizing (T-value) 69.4±8.0 44.0±6.6

CBCL externalizing (T-value) 55.7±7.0 46.7±5.4

Major depressive affective disorder, single episode, mild 7 (30.4 %)

Major depressive affective disorder, single episode, moderate 8 (34.8 %)

Major depressive affective disorder, single episode, severe, without mention of psychotic behavior 1 (4.3 %)

Major depressive affective disorder, recurrent episode, mild 1 (4.3 %)

Major depressive affective disorder, recurrent episode, moderate 6 (26.1 %)

Comorbid disorders

Attention-defi cit hyperactivity-disorder predominantly inattentive/combined subtype (314.00/314.01) 5 (21.7 %)

Social phobia (300.23) 7 (30.4 %)

Specifi c phobia (300.29) 2 (8.7 %)

Separation anxiety disorder (309.21) 1 (4.3 %)

Any antidepressant medication 11 (47.82 %)

Fluoxetine 7 (30.4 %)

Sertraline 2 (8.7 %)

Citalopram 2 (8.7 %)

Mirtazapine 2 (8.7 %)

Table 3. Cardiac parameters in depressive patients and controls.

Depressive patients (n = 23) Healthy controls (n = 20) One-sided t-test (df = 41)

M SD M SD t p

HR (bpm)  82.96  7.061  77.10  7.980 –2.554 0.007

DNN (ms) 150.13 43.428 167.95 39.011  1.406 0.08

SDANN (ms) 131.65 45.460 146.60 34.300  1.202 0.12

RMSSD (ms)  38.30 16.137  46.25 16.524  1.593 0.06

Abbreviations. n: number; M: mean; SD: standard deviation; t: t-value, p: probability; bpm: beats per minute, ms: milliseconds; HR: hart rate; DNN: deviation of 

normal to normal (NN), SDANN: standard deviation of the averages of NN intervals in all 5-min segments of the entire recording; RMSSD: square root of the 

mean of the sum of the square of differences between adjacent NN.
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explain our negative fi nding. Again, recall that we present 
data from an exploratory study with a small sample size.

As an additional fi nding, our correlational analyses re-
vealed the expected inverse association between age and 
HR, which has repeatedly been described in the literature 
(e. g., Fleming et al., 2011), as well as the fi nding that boys 
had a signifi cant lower HR than girls within the whole sam-
ple (meta-analysis by Koenig et al., 2017).

Finally, within the clinical sample we found that anti-
depressant medication was associated with a reduced 
HR, whereas the HRV parameters were not signifi cantly 
increased. This contrasts with fi ndings from a large longi-
tudinal study from O’Regan et al. (2015), who found that 
adults with depressive disorders taking antidepressants 
had lower measures of HRV and increased HR relative to 
controls. Hence, one could argue that the preliminary re-
sults of our exploratory study indicate that SSRI seem to 
be associated with HR and HRV changes opposite to 
adults taking antidepressant medication. However, con-
clusions should be drawn with care since our sample was 
quite small and two children in the clinical group were 
not medicated with a SSRI but mirtazapine. Recent stu-
dies in adult samples indicate that antidepressant medi-
cations seem to diff er signifi cantly with respect to their 
impact on measures of HRV (O’Regan et al., 2015). Mo-
reover, in contrast to our sample, the sample in the 
O’Regan study was composed of older individuals, who 
metabolize and respond to antidepressants diff erently 
than children and adolescents.

Limitations and Strengths

The present exploratory study contains several limitations 
that deserve to be mentioned. First, the sample size was 
quite small. We may have failed to uncover some associa-
tions because of reduced statistical power. It is a methodo-
logical weakness of our study that we did not perform an 
a-priori sample size estimation. Second, some of the mino-
rs had somatic or psychiatric comorbidities that might be 
independently associated with abnormalities in autono-
mic cardiac regulation (see, e. g., Chalmers, Quintana, Ab-
bott, & Kemp, 2014; Ebinger, Kruse, Just, & Rating, 2006; 
Rash & Aguirre-Camacho, 2012). Although we controlled 
our data with respect to the potential confounding factors 
age and sex, we did not adjust our data regarding potential 
confounders like comorbid anxiety disorders or body mass 
index. On the other hand, this accurately refl ects clinical 
reality since populations with depressive disorders typi-
cally suff er from comorbid conditions (Penninx et al., 
2013). At least we defi ned the diagnosis of an eating disor-
der as an exclusion criterion.

Discussion

The present exploratory study investigated whether de-
pressive disorders are associated with an increased HR 
and reduced parameters of HRV in children and adole-
scents. While a group diff erence between depressed mino-
rs and HC has already been reported in adult samples, a 
limited number of studies in minors reported contradic-
ting results (e. g., Blom et al., 2010; Byrne et al., 2010). 
Furthermore, those studies focused on highly selected 
samples, i. e., only adolescent girls (Blom et al., 2010; Ton-
hajzerova et al., 2010; Tonhajzerova et al., 2009), or could 
not rule out an infl uence of a current antidepressant medi-
cation on observed diff erences of the HRV (Blom et al., 
2010). In our study, we included boys and girls and used 
ambulatory 24-hour ECG to examine HR and HRV.

As expected, we found that depressive children and ado-
lescents had a signifi cantly higher HR compared to the HC, 
and that this eff ect continued when results were controlled 
for the impact of age and sex (see below). Hence, the re-
sults of our exploratory study agree with former studies 
concerning depressive adolescents (Byrne et al., 2010) and 
girls with depression (Blom et al., 2010; Tonhajzerova et 
al., 2009; Tonhajzerova et al., 2010) and expand this fi n-
ding also for boys and children. Our results emphasize that 
young depressed minors who are physically healthy already 
diff er signifi cantly from age-matched HC with respect to 
HR. However, we were not able to exclude the eff ects of 
antidepressant medication. Furthermore, we did not fi nd 
the expected reduction of HRV in depressed minors descri-
bed in former studies (e. g., Blom et al., 2010). Note that we 
recorded long-term ECGs, while most other studies on this 
topic used short-term recordings. Although Kemp et al. 
(2010) found signifi cant diff erences of HRV between de-
pressed adult patients and HC in both long- and short-term 
recordings, interpreting HRV in long- and short-term re-
cordings is a diff erent task: Frequency domain HRV para-
meters used in short-term recordings allow a precise exa-
mination of the diff erent components of cardiac autonomic 
function, while time-domain HRV parameters used in 
long-term recordings give quantitative information about 
the overall sympatho-vagal balance (Task Force of the Eu-
ropean Society of Cardiology and the North American So-
ciety of Pacing and Electrophysiology, 1996).

In contrast to our hypothesis, we did not fi nd a positive 
correlation between the severity of depression and HR, nor 
did we fi nd an inverse association with HRV parameters as 
described previously in adult samples (Kemp et al., 2010; 
Yeh et al., 2016). One could argue that, from a clinical point 
of view, often only low correlations occur especially in 
children and adolescents between self-ratings of depressi-
ve symptoms and the clinical impression of the individual’s 
severity of depression by experts. To some extent this may 
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Buchhorn, R., Koenig, J., Jarczok, M. N., Eichholz, H., Willaschek, C., 

Thayer, J. F., Kaess, M. (2018). A case series on the potential ef-

fect of omega-3-fatty acid supplementation on 24-h heart rate 

variability and its circadian variation in children with attention 

defi cit (hyperactivity) disorder. Attention Defi cit and Hyperactivi-

ty Disorders. 10, 135–139.

Byrne, M. L., Sheeber, L., Simmons, J. G., Davis, B., Shortt, J. W., 

Katz, L. F. et al. (2010). Autonomic cardiac control in depressed 

adolescents. Depression and Anxiety, 27, 1050–1056.

Carney, R. M., Freedland, K. E., Miller, G. E., & Jaffe, A. S. (2002). De-

pression as a risk factor for cardiac mortality and morbidity: A 

review of potential mechanisms. Journal of Psychosomatic Re-

search, 53, 897–902.

Carney, R. M., Freedland, K. E., & Veith, R. C. (2005). Depression, the 

autonomic nervous system, and coronary heart disease. Psy-

chosomatic Medicine, 67 Suppl 1, S29–S33.

Chalmers, J. A., Quintana, D. S., Abbott, M. J.,  & Kemp, A. H. (2014). 

Anxiety disorders are associated with reduced heart rate variabi-

lity: A meta-analysis. Frontiers in Psychiatry, 5, 80.

Costello, E. J., Egger, H., & Angold, A. (2005). 10-year research update 

review: The epidemiology of child and adolescent psychiatric dis-

orders: I. Methods and public health burden. Journal of the Ameri-

can Academy of Child and Adolescent Psychiatry, 44, 972–986.

Costello, E. J., Erkanli, A., & Angold, A. (2006). Is there an epidemic 

of child or adolescent depression? Journal of Child Psychology 

and Psychiatry, 47, 1263–1271.

Costello, E. J., Pine, D. S., Hammen, C., March, J. S., Plotsky, P. M., 

Weissman, M. M. et al. (2002). Development and natural history 

of mood disorders. Biological Psychiatry, 52, 529–542.

Döpfner, M., Schmeck, K., & Berner, W. (1994). Handbuch: Eltern-

fragebogen über das Verhalten von Kindern und Jugendlichen. 

Forschungsergebnisse zur deutschen Fassung der Child Behavi-

or Checklist (CBCL) (1. Aufl .). Köln: KJFD, Arbeitsgruppe Kinder-, 

Jugend- und Familiendiagnostik.

Ebinger, F., Kruse, M., Just, U., & Rating, D. (2006). Cardiorespirato-

ry regulation in migraine: Results in children and adolescents 

and review of the literature. Cephalalgia, 26, 295–309.

Fleming, S., Thompson, M., Stevens, R., Heneghan, C., Pluddemann, 

A., Maconochie, I. et al. (2011). Normal ranges of heart rate and 

respiratory rate in children from birth to 18 years of age: A syste-

matic review of observational studies. Lancet, 377, 1011–1018.

Gentzler, A. L., Rottenberg, J., Kovacs, M., George, C. J., & Morey, J. N. 

(2012). Atypical development of resting respiratory sinus ar-

rhythmia in children at high risk for depression. Developmental 

Psychobiology, 54, 556–567.

Glassman, A. H. (2007). Depression and cardiovascular comorbidi-

ty. Dialogues in Clinical Neuroscience, 9, 9–17.

Kemp, A. H., Quintana, D. S., Gray, M. A., Felmingham, K. L., Brown, 

K.,  & Gatt, J. M. (2010). Impact of depression and antidepres-

sant treatment on heart rate variability: A review and meta-

analysis. Biological Psychiatry 67, 1067–1074.

Koenig, J., Kemp, A. H., Beauchaine, T. P., Thayer, J. F.,  & Kaess, M. 

(2016). Depression and resting state heart rate variability in 

children and adolescents: A systematic review and meta-analy-

sis. Clinical Psychological Review. 64, 136–150.

Koenig, J., Rash, J. A., Campbell, T. S., Thayer, J. F.,  & Kaess, M. 

(2017). A meta-analysis on sex differences in resting-state va-

We used long-term ECG for HR and HRV analyses, which 
is not common (Quintana et al., 2016). Although we did this 
in order to increase the standardization and the chance of 
habituation in the ECG assessment in depressed children, it 
makes our results diffi  cult to interpret and reduces compa-
rability with prior studies. Unfortunately, our ECG software 
does not provide hourly HRV values, so that we could not do 
cosinor analysis, which would have provided more detailed 
information about circadian variation of HRV (see, e. g., 
Buchhorn et al., 2018). Moreover, the absence of frequency 
domain measurements is a further limitation of our study. 
Further, we should emphasize that multiple analyses were 
made with no correction for alpha levels, which increases 
the likelihood of false positive results.

Conclusion and Outlook

In this exploratory study of a small number of depressed 
children and adolescents of mixed sex we found increased 
HR in depressed minors compared to HC and thereby repli-
cated earlier studies in adult samples. We also found a nor-
malization of HR associated with antidepressant medica-
tion. In light of our fi nding of high risk of chronic courses of 
depressive disorders, especially early manifestations, we 
emphasize the need for further investigations into the asso-
ciations between depression and antidepressant medication. 
Longitudinal studies in children are urgently recommended.

Future studies among minors should also analyze fre-
quency domain HRV in short-term recordings for better 
data interpretation. When analyzing long-term ECGs, one 
should use cosinor analysis (see, e. g., Buchhorn et al., 
2018) to get more detailed information about circadian 
patterns of HRV. Since frequent confounding variables, 
such as demographic factors, fi tness, weight, and psychiat-
ric and somatic comorbidities, infl uence autonomic cardi-
ac regulation, larger sample sizes are needed in studies on 
the association between depressive disorders and heart 
functioning to control for those confounders. However, 
since cardiac autonomic parameters may potentially sup-
port therapeutic and diagnostic issues in depressed mino-
rs, larger studies in minors are urgently needed –and also 
seem feasible – since data assessment is noninvasive and 
generally well tolerated.
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