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Stressful life events play a role in the pathogenesis of major depressive disorder (MDD)

and many patients with MDD were exposed to developmental stress due to adverse

childhood experiences (ACE). Furthermore, dysregulation of the autonomic nervous

system and higher incidence of cardiovascular disease are found in MDD. In MDD, and

independently in individuals with ACE, abnormalities in heart rate variability (HRV) have

been reported. While these are often confounded, we systematically investigated them

with a study which included MDD patients with/without ACE as well as healthy individuals

with/without ACE. With this study, we investigated the influence of noradrenergic

stimulation on HRV reactivity in unmedicated participants in a randomized, double-blind,

repeated measures design. Our sample consisted of men and women with MDD and

ACE (n = 25), MDD without ACE (n = 24), healthy participants with ACE (n = 27),

and without ACE (n = 48). Participants received a 10mg single dose of the alpha-2

antagonist yohimbine that increases noradrenergic activity or placebo on 2 separate

days, with ECG recordings before and after drug administration at defined intervals.

We found lower basal HRV in MDD and ACE: patients with MDD had reduced RMSSD

whereas participants with ACE had lower LF-HRV. Contrary to our hypothesis, there was

no effect of yohimbine. With this study, we were able to replicate previous findings on

HRV differences in MDD and ACE. From the null effect of yohimbine, we conclude that

the yohimbine-induced sympathetic activation is not a significant driver of HRV in MDD

and ACE.

Keywords: childhood trauma, early life maltreatment, adverse childhood experience, heart rate variability, major

depressive disorder, yohimbine, norepinephrine, parasympathetic and sympathetic reactivity

INTRODUCTION

Major Depressive Disorder (MDD) is associated with a dysregulation of the autonomic nervous
system (ANS), reflected in a disturbed balance between the sympathetic and parasympathetic
branch of the ANS (1–3). Among several other adverse health effects, MDD increases the risk of
developing cardiovascular disease and ultimately of cardiac mortality (4). Numerous studies have
demonstrated that patients with MDD, and independent of comorbid cardiovascular disease, have
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lower heart rate variability (HRV) when compared to healthy
controls, both under resting condition andmeasured as reactivity
after stress (5, 6). Heart rate variability describes the natural
variation of the time interval between successive heartbeats
and reflects the ability of the organism to constantly adapt the
heart rate to current demands. Acute stress, physical exercise, or
mental load require an increase in heart rate, which normally
decreases again when the body is relieved of workload and
relaxed. Lower variability of the heart rate can therefore be
interpreted as an reduced adaptability of the organism, i.e.,
lower capacity to adjust to current demands (7). The organism
adjusts the heart rate via autonomous physiological regulatory
pathways. While it is established that high frequency changes
in heart rate are mediated by the vagus nerve and therefore the
parasympathetic nervous system, the hypo-reactivity found in
MDDpatients could as well be attributed to constant sympathetic
dysregulation (8–10).

Along with adrenaline, noradrenaline (NA) is the main
transmitter of the sympathetic nervous system and is also
involved in numerous cognitive processes in the brain (11).
Noradrenaline metabolism and the transmission processes
based on this neurotransmitter are also disturbed in MDD
(12). This involves both the concentration levels measured in
patients’ blood and receptor sensitivity, whereby the findings
are inconsistent to some degree and numerous questions
remain to be elucidated (13). In depressed patients, lower
NA levels are found and antidepressant medication that
increases the availability of NA is therapeutically effective
(14, 15). Yet, after stress, the release of NA is extensively
increased–and chronic stress is a major risk factor for the
development of MDD, patients often report increased stress
leading up to a depressive episode, an alleged contradiction
which has even been termed “the noradrenergic paradox”
(16). However, this paradox might be resolved by taking
receptor level alterations into account. For instance, a higher
density and sensitivity of alpha2- adrenergic receptor in
the brains of MDD patients have been reported (17, 18).
The alpha2-receptor essentially controls the autoregulation
of NA release in the central nervous system, primarily via
the Locus Coeruleus (LC) region in the brainstem. The
increased release of NA after stress, in addition to an
increased affinity of NA-binding auto-receptors in the LC,
could lead to a subsequent reduction of transmitter levels
and compensatory changes in the LC in MDD patients
(12, 16).

Among patients with MDD, difficult, often traumatizing,
experiences in childhood, and adolescence are frequently
found, which are commonly referred to as adverse childhood
experiences (ACE). These experiences are associated with
chronic stress in important developmental stages and have a
lasting influence on psychological and physiological processes
in adulthood, potentially via epigenetic mechanisms (19).
Different studies have shown increased stress reactivity of the
sympathetic nervous system in adult subjects with traumatic
experiences in childhood, accompanied by increased NA release
(20, 21). Similar to MDD, increased alpha2 receptor sensitivity
was reported in individuals with ACE (22). The autonomic

dysregulation described above should be most pronounced in
the subpopulation of MDD patients whose biographies are
influenced by ACE such as physical or sexual abuse.

Taken together, these findings indicate that persistent
autonomic dysregulation is present in both patients with MDD
and individuals with ACE, which may represent a causal
mechanism for lower HRV. However, the two factors usually
do not occur independently of each other: ACE represents one
of the most important influences in the pathogenesis of MDD,
and numerous patients report previous ACE (23). As with MDD,
individuals with ACE show lower resting HRV (24), and also
blunted HRV reactivity to stress (25, 26). The joint presence of
both factors leads to a compounding effect: some studies have
demonstrated the strongest HRV abnormalities in patients with
MDD and early traumatic experiences, compared with MDD
patients without them or healthy controls (27). Another study
that examined the joint influence of MDD and ACE on stress-
related HRV reactivity found that MDD patients with a trauma
history exhibited the lowest HRV after stress exposure (28).

In this regard, numerous of the aforementioned studies have
exclusively examined HRV parameters that reflect the activity of
the parasympathetic branch of the ANS. Although this seems
justified by the fact that the vagal control of these parameters
is well-established, this represents only a part of the autonomic
cascade. It could be shown that especially sympathetic, and
not parasympathetic activation, mediates stress-related HRV
reactivity in individuals with ACE (29), and sympathetic over-
activation, alongside with vagal withdrawal, has been proposed
as an explanatory mechanism for altered HRV stress reactivity in
MDD (6).

With this study, we systematically investigated both MDD
and ACE in a full factorial, fully crossed orthogonal design,
which included MDD patients with/without ACE as well as
healthy individuals with/without ACE. We specifically aimed to
investigate the influence of sympathetic autonomic activation on
HRV reactivity in these groups. For this purpose, the alpha2-
adrenergic antagonist yohimbine was administered and ECG
was recorded over 5min periods once before and three times
after administration at fixed intervals. Because our manipulation
was targeted at direct and specific sympathetic activation, low
frequency (LF)-HRV, that primarily reflects variations in cardiac
sympathetic activity, served as our primary outcome measure
(5). Since a complex interplay between the sympathetic and
parasympathetic nervous systems can be assumed, we also report
those well-established parameters that are primarily associated
with the parasympathetic nervous system, i.e., the root mean
square of successive differences (RMSSD) in the time domain
and the high frequency (HF)-HRV for the frequency domain.
RMSSD and HF-HRV reflect cardiac vagal activity and, in
addition, RMSSD is comparatively free of respiratory influences
(8). With the selection of these outcome measures, we also
ensure comparability to previous studies in the same research
area, which are predominantly based on these 3 parameters
(5, 6, 24, 30).

Based on previous literature, we expected lower basal HRV
across all parameters in patients with MDD and individuals with
ACE. Both factors should interact, so that the lowest values
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should be found in depressed patients with a history of ACE.
However, we were agnostic about the relative contribution of
the two group factors. After administration of yohimbine, we
expected an increase in LF-HRV and a decrease in the vagally-
mediated parameters RMSSD and HF-HRV across groups. This
reduction should have been more pronounced in MDD and ACE
due to the higher alpha2-adrenoceptor sensitivity. Again, we had
expected a summative effect of both factors.

METHODS

Participants
We recruited patients with MDD and healthy participants
through public announcements and from our special department
for affective disorders at the Department of Psychiatry
and Psychotherapy, Campus Benjamin Franklin, Charité
Universitätsmedizin Berlin. Healthy participants and outpatients
received monetary compensation (100 e) for their participation.
The study was approved by the ethics committee of the
Deutsche Gesellschaft für Psychologie (DGPs, German Society of
Psychology) and carried out in accordance with the Declaration
of Helsinki, all participants gave their written informed consent.

Patients with MDD were included if they met criteria for a
current MDD episode as assessed by a trained psychologist using
a German version of the Structured Clinical Interview for DSM-
IV Axis I (SCID-I) to validate psychiatric diagnoses (31). In
addition to the SCID-I interview, current depressive symptoms
were assessed by a clinical rating scale and questionnaire, the
Montgomery Asberg Depression Rating Scale (MADRS) (32,
33), and the Beck Depression Inventory (BDI) (34). Adverse
childhood experiences were defined as repeated physical or sexual
abuse at least once amonth over duration of a year ormore. These
had to occur during childhood or adolescence, i.e., before age 18.
Again, criteria were assessed by a semi-structured interview, the
validatedGerman version of the Early Trauma Inventory (35, 36).
In addition, ACE was assessed with a German version of the
Childhood Trauma Questionnaire (CTQ) (37, 38). In the MDD
groups, schizophrenia, schizoaffective disorder, bipolar disorder,
depressive disorder with psychotic features, dementia, alcohol
or drug abuse, and panic disorder led to exclusion. Healthy
participants had no current diagnosis of a mental disorder and
no previous diagnosis of MDD. Additional exclusion criteria
for all participants included CNS-related disorders, neurological
disorders, severe somatic illness, type 1 and 2 diabetes, steroid
disorders, hypertension, current infections, pregnancy, and use of
psychotropic medications. Physical health criteria were assessed
by physical examination, clinical interview, and blood test.

Of the participants who completed the measurement on
both days, data from 12 participants were incomplete due to
a technical or recording malfunction. Two participants were
excluded from the analysis because the values in our dependent
measures deviated abnormally (for this purpose, the average
per participant per session was regarded; outliers were defined
as deviation by more than three standard deviations from
the mean of the total sample in at least two of the three
parameters in both sessions). The final data set consisted of 124
participants: 25 MDD patients with ACE (MDD+/ACE+), 24

MDD patients without ACE (MDD+/ACE−), 27 participants
with ACE but without current or lifetimeMDD (MDD−/ACE+),
and 48 participants without current or lifetime MDD and no
ACE (MDD−/ACE−).

Procedure
Participants came for 3 separate sessions. During the first
appointment, participants underwent a physical examination
and blood sampling. Afterwards, diagnostics and assessment of
MDD and ACE with questionnaires and structured interviews
took place. Experimental testing was conducted on 2 separate
days. On 1 day, the participants received 10mg of oral yohimbine
(Spiegel, DESMA), on the other day a placebo (p-Tabletten,
Lichtenstein). Experimental order was counterbalanced across
participants; drug administration was double blinded to
participant and experimenter.

Experimental testing started at 9:30 h in the morning.
Participants had to refrain from physical activity and caffeine
consumption on these mornings and from eating, drinking and
smoking 30min prior to the start of the experiment. Participants
were seated upright in a comfortable chair. Drug administration
took place at 9:45, and the entire study lasted until 12:15.
Participants were at rest, filled out questionnaires and were
allowed to read for 1 h after drug administration. Multiple
experimental psychological tests were part of the study, the
results of which have been reported elsewhere (34, 39, 40). We
conducted ECG recordings at four different times, for 5min each:
at 9:40, immediately before drug administration (baseline), at
10:35, 11:15, and 11:45.

Assessment of Heart Rate Variability
We recorded electrocardiogram (ECG) using Tyco Healthcare
H34SG Ag/AgCl ECG electrodes and a Biopac MP150 amplifier
system at 1 kHz sampling rate, with a hardware high-pass filter
of 0.5Hz. ECG data were analyzed in Kubios HRV version
2.2 software (41). Data were manually controlled for artifacts
and beat-to-beat (R-R) intervals were calculated with Kubios’
automated QRS detection.

We calculated the RMSSD as a time domain measure, LF
power (0.04–0.15Hz) and HF power (0.15–0.4Hz) as frequency-
domain measures of HRV using fast Fourier transformation
and are expressed in ms2. In addition, we also conducted a
Poincaré plot analysis (plotting the RRn interval values against
RRn+1), and report the standard deviation (SD)1 and SD2 to
quantify the shape of the plot. While SD2 describes the length
of the long axis of the elliptical distribution and is assumed to
reflect intermediate-term variability due to parasympathetic and
sympathetic activity, SD1 describes the length of the transverse
axis and is associated with short-term variability. Poincaré plot
analysis was conducted for confirmatory purposes and results
presented as Supplementary Material.

Statistics
Data analyses were carried out using SPSS 22.0 statistical
software (IBM Inc., Chicago, IL, USA). Since HRV values were
non-normally distributed (Kolmogorov—Smirnov p < 0.05),
data were log-transformed using a natural logarithm. Because
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we expected basal group differences, we initially calculated a
univariate ANOVA 2 × 2 (“MDD × ACE”), with baseline
HRV measurements averaged over both sessions as dependent
variable. To adjust for those baseline differences and to have a
measure of intervention-induced reactivity, we calculated change
scores. For this purpose, we subtracted each participant’s baseline
value from the three respective post-intervention values. These
derived change scores were analyzed with a mixed-measures
analysis of variance (ANOVA) to investigate the effects of
yohimbine on HRV reactivity, with the between-subjects factors
“MDD” (MDD+ vs. MDD−) and “ACE” (ACE+ vs. ACE−) and
the within-subjects factors “drug” (yohimbine vs. placebo) and
“time” (+50,+90, and+120min). Bonferroni corrected post-hoc
tests were used to further analyze significant interaction effects.
For testing of statistical significance, p-values smaller than 0.05
were considered to indicate significance. In case of violations of
sphericity, reported p-values were Greenhouse-Geisser corrected.

RESULTS

Demographic Characteristics
Groups did not differ with regard to sex, age, educational status,
and the intake of hormonal contraception (see Table 1). Patients
with MDD had overall significantly lower MADRS and BDI
scores, compared to the group without MDD and irrespective
of ACE. Participants with ACE had overall lower ETI scores,
compared to the group without ACE and irrespective of MDD.
Also, participants with ACE had overall lower CTQ scores,
however, this measure was qualified by MDD status: participants
with ACE and MDD had lower scores than those with ACE and
no MDD [for a detailed description of the sample, see Kuehl
et al. (42)].

Heart Rate Variability
Basal Differences Between Groups
Analysis of baseline values before the intervention revealed
differences between the groups that were specific to the parameter
studied. Compared to participants without MDD, patients with
MDD had lower HRV values for RMSSD [F(1,119) = 6.65, p =

0.01, η
2
p = 0.06]. The effect for ACE, i.e., participants with vs.

without ACE [F(1,119) = 2.55, p = 0.11, η
2
p = 0.02] and the

interaction between MDD and ACE [F(1,119) = 0.07, p = 0.79,
η
2
p < 0.01] were not significant. In the HF frequency band, there

were no significant differences (main effects and interaction)
between the groups, yet the effect for MDDwas slightly above the
significance threshold [MDD: F(1,119) = 3.59, p= 0.06, η2

p = 0.03,

ACE: F(1,119) = 0.76, p = 0.39, η2
p = 0.01, MDD × ACE: F(1,119)

= 0.29, p= 0.63, η2
p < 0.01]. In the LF frequency band, HRV was

lower in participants with ACE compared to those without ACE
[F(1,119) = 4.42, p= 0.04, η2

p = 0.04]. The effect for MDD [F(1,119)

= 2.35, p = 0.14, η2
p = 0.02] and the interaction between MDD

andACE [F(1,119) = 0.11, p= 0.74, η2
p < 0.01] were not significant

(see Figure 1).

Reactivity to Yohimbine
Across all parameters, we found an increase in HRV over the
factor “time” [RMSSD: F(2,224) = 15.61, p < 0.001, η

2
p = 0.12,

HF: F(2,224) = 8.59, p < 0.001, η
2
p = 0.07, LF: F(2,224) = 24.58,

p < 0.001, η2
p = 0.18]; this effect was moderated by the between-

subjects factor “time × MDD” [RMSSD: F(2,224) = 8.46, p <

0.001, η
2
p = 0.07, HF: F(2,224) = 5.67, p < 0.01, η

2
p = 0.05,

LF: F(2,224) = 4.27, p = 0.02, η
2
p = 0.04]. To elucidate these

interaction effects, t-tests were calculated to compare MDD+ vs.
MDD− at each time interval: patients with MDD had a more
pronounced increase in RMSSD at +90min (t(117) = 2.62, p =

0.01) and +120min (t(115) = 2.58, p = 0.01) and LF at +90min
(t(117) = 2.79, p < 0.01). However, this change over time was
independent of our experimental intervention and was found
across both levels of the factor “drug” (see Figure 2). There were
no significant main effects or interactions involving the factor
“drug” (all p > 0.05).

DISCUSSION

In this study, we investigated the influence of a single
administration of the alpha2-antagonist yohimbine on the
reactivity of HRV in a sample with/without MDD and
with/without ACE. A baseline HRV measurement under rest
was obtained before the experimental intervention, as well as 3
measurements after the intervention at defined time intervals. As
expected and in line with our hypotheses, basal group differences
were found: patients with MDD had lower values in the
parameters HF-HRV (trend level significance) and RMSSD, both
measures that primarily reflect parasympathetic vagal activity.
We further found lower basal values for the parameter LF-HRV
in subjects with ACE. LF-HRV represents a joint influence of
sympathetic and parasympathetic nervous system. There were no
statistically significant interactions between MDD and ACE. The
main objective of the study was the influence of yohimbine in
these groups; therefore the change over time was measured and
compared to baseline. In contrast to our hypotheses, we found
no effect of yohimbine on HRV, neither as a main effect nor in
interaction with MDD or ACE, for any parameter.

The lower basal HRV in depressed patients is well in line
with previous research and complements the literature (5). The
finding is indicative of persistent autonomic dysregulation in
MDD. That we found effects in indicators of parasympathetic
activity suggests that this impaired HRV is due to reduced vagal
activity, which is also in line with existing research (43). However,
we had also expected higher sympathetic activation in the group
of MDD patients (44), which would have been expressed in
lower LF-HRV. Contrary to our expectations, there was no effect
of MDD for this parameter. We can only speculate about the
reasons for this, but would like to point out that previous large
meta-analyses came to similarly discrepant findings: while Kemp
et al. (45) found reduced HF-HRV and no evidence for LF-
HRV deviations in MDD, Brown et al. (30) analyzed studies
specifically in older adults and, in contrast, found lower LF-
HRV in MDD, with no difference in HF-HRV. However, a very
recent meta-analysis indicated a significant reductions in both
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TABLE 1 | Sample characteristics of MDD patients with and without ACE and healthy participants with and without ACE.

MDD+/ACE+ MDD+/ACE− MDD−/ACE+ MDD−/ACE− Statistics

N = 25 N = 24 N = 27 N = 48

Sex (f/m) 13/12 13/11 15/12 26/22 p = 0.99

Age (years; SD) 40.5 (11.2) 34.8 (10.9) 33.9 (10.6) 35.5 (10.3) p = 0.12

Education (years; SD) 11.2 (1.5) 12.0 (1.4) 11.7 (1.5) 11.6 (1.6) p = 0.29

Use of hormonal contraceptives (women, y/n) 4/9 3/10 5/10 5/21 p = 0.72

MDD, Major depressive disorder; ACE, Adverse childhood experiences.

FIGURE 1 | Baseline values across sessions, separate for MDD and ACE. For (A) RMSSD, (B) HF-HRV, and (C) LF-HRV (means ± 1SEM): Patients with MDD had

lower basal RMSSD (compared to participants without MDD) and participants with ACE had lower basal LF-HRV (compared to participants without ACE).

FIGURE 2 | HRV reactivity 50, 90, and 120min after yohimbine administration, separate for MDD (top) and ACE (bottom), and RMSSD (left), HF-HRV (center), and

LF-HRV (right), means ± 1SEM.
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HF- and LF-HRV (5). Of note, there has been controversy about
whether and to what extent antidepressants contribute to the
reduction in HRV (46, 47). Since the patients in our study were
all unmedicated, it can be concluded that HRV is decreased
independently of this factor.

Interestingly, we found an inverse pattern for ACE:
significantly lower basal values in the parameter LF-HRV–
more strongly associated with sympathetic activation–and
no differences in RMSSD and HF-HRV. Likewise, a recent
meta-analysis could demonstrate reduced HRV in individuals
with ACE, however, because the focus of this work was on
dysregulations in resting-state vagal activity, only the vagally
mediated parameters HF-HRV and RMSSD were included as
outcome measures in the analysis (24). Yet, another recent
paper also described a significant relationship between ACE and
LF-HRV (48). Using path analysis models, the authors found a
mediation of the relationship between CTQ scores (as a measure
of ACE) and LF-HRV via affective lability and beta EEG activity,
related to alertness and anxiety.

We found a significant increase in HRV over the duration
of the experiment (factor “time”), which was more pronounced
for patients with MDD (who again had lower basal values).
However, this change was independent of our experimental
manipulation (“drug”) and probably due to the situation in the
laboratory and the orthostatic posture (sitting in the chair). In
contrast to our hypothesis and to existing research, we did not
find effects of yohimbine on HRV. Yeragani et al. (49) reported
an increase in midfrequency (MF−) HRV (0.07–0.15Hz, which
basically corresponds to LF-HRV by contemporary standards)
after a single dose administration of yohimbine. However,
that study found the effect in patients with panic disorder,
whose response to yohimbine was supposedly more pronounced
when compared to our sample. In a further study, single dose
administration of yohimbine increased LF-HRV (50). However,
that study had a distinctly different research subject and
procedure: it included only healthy participants and investigated
the effects of meal-stimulated glucagon-like peptide-1 release on
autonomic nervous functions, alone and in combination with
yohimbine. Yohimbine was administered as a bolus and HRV
was assessed in a postprandial period after overnight fasting
and subsequent oral nutrient infusion. This null effect of our
treatment was unexpected in that yohimbine induces a state
similar to the immediate stress response through increased
release of catecholamines and activation of the sympathetic
nervous system, and since effects of stress on HRV are well-
known from the literature (51).

In answering the question why, contrary to the hypotheses,
no effect of yohimbine was found, several explanations can
be thought of. The effect of yohimbine on the availability of
noradrenaline corresponds to a part of the initial stress response,
which is characterized by vagal withdrawal and increased
sympathetic activation. However, this shift in ANS activity is
accompanied by numerous other changes as part of the stress
response. In particular, complex interactions with the hormones
of the hypothalamic-pituitary-adrenal axis are evident (52), and
isolated sympathetic activation may not be sufficient to map
the effects of stress on HRV. We administered 10mg of oral

yohimbine, with dosages of 5–20mg reported to affect cognitive
processes in previous studies (53–56). However, this dosage may
not have been sufficient to show effects on HRV; Bharucha
et al. (50) found an effect on LF-HRV after an intravenous
administration of 0.125 mg/kg over 10min. Because of the
specific effects of yohimbine on the sympathetic nervous system,
we took LF-HRV as the dependent measure. This measure was
originally used as a measure of sympathetic activation; however,
this interpretation has become the subject of widespread
controversy (57). While there is general consensus that high
frequency (HF)-HRV is controlled by vagal activity and thus
the parasympathetic nervous system, the neurophysiological,
autonomic drivers influencing LF-HRV have been subject of
recent debate (7). It can be considered certain that both branches
of the ANS, sympathetic as well as parasympathetic, are reflected
in LF-HRV (8). The relative proportion again depends on the
recording conditions. The proportion of sympathetic influence
is probably more pronounced during longer recordings. At
short-term recordings such as the 5min intervals in our study,
LF-HRV is markedly influenced by feedback loops in the
baroreflex system (7, 10). Potentially, an orthostatic challenge
such as a standing posture as in Yeragani et al. (49) might
have yielded different results. Again, while Yeragani et al. (49)
reported their effect in patients with panic disorder, those
were a population we specifically excluded. Future research
could investigate these effects with higher doses of yohimbine,
examining HRV over longer periods of time and under non-
rest conditions.

Every single parameter of HRV measurement comes with
its limitations. Problems with the interpretation of LF-HRV as
a measure of sympathetic activity have already been discussed
above. Normalization of LF-HRV and the use of normalized units
(nu) have been proposed in the literature (58, 59). These are
obtained by dividing LF power by the total power minus the
(very low frequency) VLF power. While some authors proposed
a closer conceptual correspondence between normalized LF-
HRV and sympathetic activity, these claims have also been
challenged. Data are distorted due to these mathematical
transformation and the underlying assumption of autonomic
reciprocity as well as the association between nu and LF (in
absolute units) remain controversial (57). Furthermore, many
studies of relevance to our research question have relied on
(non-normalized) LF-HRV (5). Both RMSSD and HF-HRV
reflect parasympathetic-vagal activation according to current
research and are generally highly correlated. However, both
have their specific advantages and disadvantages: compared
to HF-HRV, RMSSD is less affected by respiratory influences
(i.e., changes in breathing frequencies) and more robust to
disturbances of the cardiac rhythm by ectopic beats, yet it is
more dependent on basal heart period (42, 60–62). For these
reasons, and for comparability to previous research findings
of relevance to our topic, we included RMSSD, HF-HRV,
and LF-HRV.

In conclusion, independent of MDD and ACE and
potentially for the reasons mentioned above, no effect of
yohimbine on HRV could be shown. However, we were
able to demonstrate basal differences in HRV between the
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psychiatric groups. These form an interesting pattern, with
low values in the parameters HF-HRV and RMSSD in MDD
and lower LF-HRV in ACE. From this pattern, one could
assume–relatively speaking–a stronger mediation by vagal
dysregulation in MDD and influences of the sympathetic
nervous system in ACE. However, this interpretation
should be viewed with caution, in light of partial contrary
findings in the literature as well as the unclear mechanisms
underlying LF-HRV.
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