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ARTICLE INFO ABSTRACT
Keywords: Altered heart rate (HR) and heart rate variability (HRV) are common observations in psychiatric disorders. Yet,
Heart rate o few studies have examined these cardiac measures in obsessive-compulsive disorder (OCD). The current study
Heart rate variability aimed to investigate HR and HRV, indexed by the root mean square of successive differences (RMSSD) and

Obsessive-compulsive disorder
Resting state
Cardiac vagal control

further time domain indices, as putative biological characteristics of OCD. Electrocardiogram was recorded
during a five-minute resting state. Group differences between patients with OCD (n = 96), healthy participants
(n = 112), and unaffected first-degree relatives of patients with OCD (n = 47) were analyzed. As potential
moderators of group differences, we examined the influence of age and medication, respectively. As results
indicated, patients with OCD showed higher HR and lower HRV compared to healthy participants. These group
differences were not moderated by age. Importantly, subgroup analyses showed that only medicated patients
displayed lower HRV compared to healthy individuals, while HR alterations were evident in unmedicated pa-
tients. Regarding unaffected first-degree relatives, group differences in HRV remained at trend level. Further, an
age-moderated group differentiation showed that higher HRV distinguished relatives from healthy individuals in
young adulthood, whereas at higher age lower HRV was indicative of relatives. Both the role of familial risk and
medication in HRV alterations need further elucidation. Pending future studies, alterations in HR and potentially
HRV might serve as useful indices to characterize the pathophysiology of OCD.

The human cardiovascular system is highly complex and influenced rate (HR), has been studied as an index of sympathetic and para-
by numerous psychophysiological factors. Cardiac activity, such as heart sympathetic influences of the autonomic nervous system during stressful
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as well as resting and recovery states. During rest, HR is under central
inhibitory control by the vagus nerve and thus decreased (Friedman &
Thayer, 1998; Grossman et al., 2004). Temporal variability in
beat-to-beat intervals of the HR, i.e., heart rate variability (HRV), is
supposed to reflect aspects of parasympathetic control over the cardiac
system (Smith et al., 2017). The most frequently researched markers of
HRV are the root mean square of successive RR interval differences
(RMSSD) and the high frequency bins of HRV power (HF-HRV). Both
variables are highly correlated and thought to partially reflect para-
sympathetic (vagal) activity (Allen et al., 2007; Goedhart, van der Sluis,
Houtveen, Willemsen, & de Geus, 2007). Generally, HRV has been
associated with top-down self-regulation, such as greater capacity for
voluntary emotion regulation (Appelhans & Luecken, 2006; Butler et al.,
2006; Thayer & Brosschot, 2005; Williams et al., 2015) and higher
cognitive functioning (Kim et al., 2013), especially inhibitory control
(Hansen et al., 2003; Nashiro et al., 2022; Williams et al., 2016). The
link between affective processing, emotion regulation, and the cardio-
vascular system has been most prominently conceptualized and
described in the neurovisceral integration model (Thayer et al., 2009;
Thayer & Lane, 2000). Consequently, investigating HR and HRV allows
for characterizing autonomic regulatory system function by means of
central neural control mechanisms related to affective and cognitive
information processing.

In terms of psychopathology, altered patterns in cardiac activation,
as reflected in higher HR and lower HRV, are shared across the spectrum
of internalizing disorders and symptoms. Accordingly, reduced HRV has
been discussed as a transdiagnostic biomarker of psychopathology
(Beauchaine & Thayer, 2015). For patients with depression, not only a
higher resting HR and lower HRV, as measured by RMSSD and HF-HRV,
have been found, but a decrease in RMSSD and HF-HRV has also been
linked to greater severity of depressive symptoms (Agelink et al., 2002;
Kemp et al., 2010; Koenig et al., 2016). Patients with depression and
comorbid anxiety disorders seem to display the greatest reductions in
HRV (RMSSD and HF-HRV) compared to patients without comorbidities
and compared to healthy participants (Kemp et al., 2012), pointing to a
cardiac vagal imbalance linked to anxiety. Indeed, the same pattern of
altered resting cardiac activity as reported in depression has been
repeatedly observed across several anxiety disorders (for meta-analysis,
see Chalmers et al., 2014). Studies among children and adolescents with
anxiety disorder or depression report similar findings compared to adult
samples (for meta-analysis, see Koenig et al., 2016; for review, see
Paniccia et al., 2017; Sharma et al., 2011; Srinivasan, 2006).

Obsessive-compulsive disorder (OCD) is a severe mental disorder
considered part of the internalizing spectrum and mainly characterized
by intrusive, anxiety or discomfort inducing obsessions and/or
burdensome compulsions (American Psychiatric Association, 2020) that
affects about 3% of the general population in their lifetime (Ruscio et al.,
2010). Most patients with OCD develop comorbidities (Ruscio et al.,
2010), with comorbid anxiety or affective disorders burdening up to
73% of patients with OCD (Fineberg et al., 2013). On the psychophys-
iological level, the disorder has been associated with several alterations,
such as increased and less flexibly adapted neural indices of perfor-
mance monitoring (Griitzmann et al., 2021; Riesel, 2019; Riesel et al.,
2019), conflict resolution (Bey, Kloft, et al., 2017; Chamberlain et al.,
2007), and altered functional connectivity of the default mode network
(Beucke et al., 2013). Cardiac indices of autonomic regulation have only
scarcely been investigated in OCD so far. Whereas some studies reported
no differences in HR or HF-HRV between patients with OCD and healthy
participants (McCarthy et al., 1995; Slaap et al., 2004), others found
higher HR and/ or lower HF-HRV in patients with OCD compared to
healthy individuals (Olbrich et al., 2022; Pittig et al., 2013). In the most
recent study on cardiac activity in OCD, 51 untreated and drug-naive
patients with OCD exhibited significantly higher HR at rest, but no group
differences in resting HRV (pNN50 and HF-HRV) were found (Olbrich
et al., 2022). In the studies cited above, sample size was comparatively
small, leaving a necessity for further research in OCD with larger study
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samples. Importantly, both HR and HRV seem to carry potential for a
more comprehensive explanation of the pathogenesis of internalizing
disorders, such as OCD. Previous results in healthy adolescents indicated
a moderating role of low HRV, indexed by the respiratory sinus
arrhythmia (RSA), on the association between psychosocial stress and
internalizing symptoms (McLaughlin et al., 2015). In terms of HR, a
longitudinal study in healthy adolescent Swedish men found a higher
resting HR to be related to higher risk for OCD, schizophrenia, and
anxiety disorders (Latvala et al., 2016). Lower HR and higher HRV
(RMSSD and HF-HRV) seemingly predict reduced likelihood of depres-
sion in former healthy men over a ten year follow up (Jandackova et al.,
2016). Thus, low cardiac vagal tone in healthy individuals could
represent a vulnerability marker for internalizing psychopathological
symptoms. Considering this notion, study findings robustly point to
genetic influences on resting HR and HRV in adults as well as adoles-
cents. For resting HR, heritability varies between 61 — 68% (De Geus
et al., 2007; Snieder et al., 2003; Wang et al., 2015) and for resting HRV
between 31 — 64% (Golosheykin et al., 2017; Kupper et al., 2004;
Uusitalo et al., 2007). With HR and HRV being considered as potential
biomarkers of some psychiatric disorders, research focus has shifted
onto individuals with high familiar risk of developing a psychiatric
disorder. On the basis of these findings and concepts, we further aimed
to explore HR and HRV in unaffected first-degree relatives of patients
with OCD.

In order to investigate first-degree relatives of patients with OCD in
this study, we included unaffected parents, siblings, and children of
patients with OCD. Patients with OCD were seeking therapy at an
outpatient clinic and a minimum of constraints were applied to the
clinical sampling procedure (for detailed sample and exclusion criteria,
see below). This sampling approach resulted in groups spanning a wide
age range. Since healthy participants were recruited with a similar age
distribution to that of patients, the overall study comprises a relatively
heterogenous sample with an age range of 18 — 65 years. This in turn
lead to the secondary study aim of investigating the relation between
age, cardiac activity, and psychopathology. Cardiac autonomic mea-
sures have generally been found to show considerable developmental
effects in healthy individuals. As existing findings suggest, the cardiac
vagal system develops from birth throughout young childhood. Resting
HR in infants, young children, and adolescents is negatively correlated
with age (Alkon et al., 2011; Alkon et al., 2003; Fernandes et al., 2013;
Rabbia et al., 2002). Several studies report an age-related increase in
parasympathetic activation, measured by HRV or RSA, which seems to
stabilize around the age of 10 years (Alkon et al., 2011; Bar-Haim et al.,
2000; De Rogalski Landrot et al., 2007; Galeev et al., 2002; Michels
etal., 2013; Silvetti et al., 2001). Whereas a decrease in HR in adulthood
is only moderate or not detectable (Agelink et al., 2001; Boettger et al.,
2010; Fukusaki et al., 2000; Sloan et al., 2008; Umetani et al., 1998; Voss
et al., 2012), HRV shows a decline until the age of approximately 60
years (Sloan et al., 2008; Umetani et al., 1998; Voss et al., 2012; 2015).
In sum, it is conceivable that group differences in cardiac measures
might vary at different age levels, indicating a potential interaction of
psychopathology and developmental effects on cardiac regulation.
Gentzler et al. (2012) reported such developmental interaction in chil-
dren at high-risk or low-risk for depression. They found an increase in
resting HRV, indicated by the RSA, with age in low-risk children but no
HRYV increase in children with high-risk for depression. To this end, we
investigated the effects of age on HR and HRV and the overlap with
psychopathology by taking into consideration age variation within the
three participant groups.

The current study aimed to extend research on altered HR and HRV
as biological characteristics of internalizing psychopathology by inves-
tigating resting state cardiac activity, captured in HR and HRV (e.g.,
RMSSD), in individuals diagnosed with OCD. We hypothesized that
cardiac alterations would be in line with previous observations in anx-
iety disorders, suggesting higher resting HR and lower HRV (RMSSD) in
patients compared to healthy individuals. Moreover, we were interested
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Demographic and Clinical Characteristics of Patients With Obsessive-Compulsive Disorder (OCD), Healthy Control Participants (HC), and Unaffected First-Degree

Relatives of Patients With OCD (REL)

Measure OCD (n = 96) HC (n=112) REL (n = 47) Test statistic p

Age (years) 30.8 (8.8) 32.4 (10.5) 45.0 (15.6) F(2,110.65) = 16.94* < .001
Gender (n female:male) 51:45 60:52 30:17 X2(2) =1.70 427
Body mass index” 24.1 (4.7) 25.2 (5.6) 23.5(3.3) F(2, 246) = 2.20 113
Smoking (n yes:no)® 28:62 40:71 10:36 X2(2) =3.09 213
Verbal intelligence (WST)? 102.6 (10.6) 103.9 (9.7) 106.2 (9.0) F(2,249) = 1.97 142
BDI-II® 19.7 (11.0) 2.8(3.5) 3.7 (4.4) F(2,111.37) = 102.14* <.001
OCI-R® 27.9 (12.7) 3939 5.7 (6.1) F(2,103.19) = 155.34% <.001
STAI trait 53.8 (10.2) 32.3(7.3) 33.5(7.3) F(2,123.32) = 146.88? <.001
MADRS 13.3(9.1) - - - -
Y-BOCS total score 23.5(5.5) - - - -

Note. Means with standard deviation in parentheses are reported. Boldface p values indicate significant group differences (p < .05). WST = Wortschatztest; BDI-II =
Beck Depression Inventory-II; OCI-R = Obsessive-Compulsive Inventory-Revised; STAI = State-Trait Anxiety Inventory; MADRS = Montgomery-Asberg Rating
Depression Scale; Y-BOCS = Yale-Brown Obsessive Compulsive Scale. ® Welch univariate analysis of variance was performed due to unequal group variances. ® Data on
body mass index was missing for five patients with OCD and one healthy control participant. ¢ Smoking status was missing for six patients with OCD, one healthy
control participant, and one unaffected first-degree relative. ¢ WST scores were missing for three individuals. ¢ BDI-II and OCI-R scores were missing for two par-

ticipants. { STAI trait scores were missing for nine participants.

in whether unaffected individuals with increased familial risk for OCD
would show similar alterations as the patient group with a current OCD
diagnosis, which would suggest cardiac alterations as potential risk
markers. As to the best of our knowledge, no previous studies on cardiac
activity in unaffected first-degree relatives of patients with OCD are
available yet, we thus studied this question exploratively. Since
numerous factors have been demonstrated to influence the cardiovas-
cular system, effects of several sociodemographic (gender, body mass
index, smoking) and psychological (obsessive-compulsive, affective, and
anxious symptoms, medication) factors on HR and HRV were tested
exploratively. So far, studies on HR and HRV in OCD were either con-
ducted in medication-free samples (McCarthy et al., 1995; Olbrich et al.,
2022; Slaap et al., 2004) or were limited in investigating the impact of
medication due to small sample size (Pittig et al., 2013). Lastly, we
investigated whether group differences between patients with OCD and
a healthy comparison sample would be moderated by age. We expected
that with age, HRV (RMSSD) would decrease in healthy participants,
whereas in patients with OCD, we expected HRV (RMSSD) to be low
across the entire age span. Further, if increased familiar risk relates to
alterations in HRV compared to patients with OCD, unaffected
first-degree relatives might show a similar pattern of age and HRV
(RMSSD) as described for patients with OCD. Yet, due to the overall
higher age of unaffected first-degree relatives in the study, age and HRV
effects could overlap. We thus did not specify any hypothesis for cardiac
differences in unaffected relatives. No hypothesis regarding HR and age
was made due to inconsistencies in study reports of a decrease in HR
with age; examination of the relation between HR and age was thus
performed exploratively.

1. Method
1.1. Participants

The sample included a total of 328 participants with resting state
electrocardiogram (ECG) data (150 healthy participants, 126 patients
with current OCD, and 52 unaffected first-degree relatives). Due to
exclusion criteria defined below for the present investigation, 12 healthy
participants (current anxiety disorder n = 5, current OCD/tic disorder n
= 4, and drug misuse n = 3) and one patient with OCD (drug misuse) had
to be excluded. Data from nine patients with OCD were discarded from
current analyses due to intake of tricyclic antidepressant medication,
which have been shown to affect cardiac activity (Alvares et al., 2016).
Due to insufficient data quality, a total of 18 patients with OCD, 25
healthy participants, and four unaffected relatives were also excluded

from further analyses. Finally, two patients with OCD, one healthy
participant, and one unaffected relative were defined as outliers as their
mean HRV (RMSSD) was three standard deviations from the group
mean. Consequently, these four participants were also removed from
analyses. The final sample consisted of 96 patients with OCD, 112
healthy participants, and 47 unaffected first-degree relatives of patients
with OCD (see Table 1).

Participants in the analyzed sample were aged between 18 and 65
years, native German speakers, had normal or corrected-to-normal
vision, and did not report any current or past neurological diseases.
Psychiatric disorders were assessed by trained psychologists with the
Structural Clinical Interview for DSM-IV (SCID; Wittchen et al., 1997).
Exclusion criteria for all participants were a lifetime diagnosis of any
psychotic, bipolar, or substance use disorder, use of benzodiazepines in
the previous four weeks or of antipsychotics three months before the
study appointment. The study was conducted in accordance with the
Declaration of Helsinki and approved by the ethical review board at
Humboldt-Universitat zu Berlin. Participants gave written consent and
received a compensation of 10 Euros per hour.

Patients were diagnosed with OCD as primary disorder and recruited
via the specialized outpatient clinic at Humboldt-Universitat zu Berlin.
All patients were awaiting treatment with cognitive behavioral psy-
chotherapy. A total of 74 patients with OCD had one or more comorbid
diagnoses, namely affective disorders (n = 64), anxiety disorders (n =
23), somatoform disorders (n = 6), eating disorders (n = 3), and per-
sonality disorders (n = 11). Thirty-eight patients received medical
treatment, including selective serotonin reuptake inhibitors (SSRI; n =
33), serotonin-norepinephrine reuptake inhibitors (SNRL; n = 4), or a
combination of SSRI and SNRI (n = 1).

Healthy participants were recruited via online advertisement with
similar age and gender distribution to that of patients. They were free of
any current or past psychiatric disorder and without a positive family
history of OCD.

Unaffected first-degree relatives of patients with OCD were con-
tacted via the outpatient clinic after consent of the respective patient.
They were excluded if they met criteria for diagnosis of OCD at any time
or for any other psychiatric disorder at the time of participation.

1.2. Self-report questionnaires and clinical interviews

Participants completed several self-report questionnaires. Obsessive-
compulsive symptoms were assessed with the Obsessive-Compulsive
Inventory-Revised (OCI-R; 20 items, 5-point Likert scale ranging from
0-4; Cronbach’s o = .85; Foa et al., 2002; Gonner et al., 2008),
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depressive symptoms with the Beck Depression Inventory-II (BDI-II; 21
items, 4-point rating scale ranging from 0-3; Cronbach’s a = .92; Beck
etal., 1996; Hautzinger et al., 2006) and trait anxiety level with the trait
scale of the State-Trait Anxiety Inventory (STAI trait; 20 items, 4-point
Likert scale ranging from 1-4; Cronbach’s o« = .89; Laux et al., 1981;
Spielberger et al., 1983). We further estimated verbal intelligence with a
German vocabulary test (WST; 42 items, each with one real target word
and five pseudowords; Cronbach’s a = .94; Schmidt & Metzler, 1992).
Patients with OCD were interviewed by trained clinical psychologists
using the Yale-Brown Obsessive Compulsive Scale (Y-BOCS; 10 items,
5-point rating scale ranging from 0-4; r = .90; Goodman et al., 1989;
Hand & Biittner-Westphal, 1991; Jacobsen et al., 2003), to assess the
severity of obsessive-compulsive symptoms, and the
Montgomery-Asberg Depression Rating Scale (MADRS; 10 items, 7-point
rating scale ranging from 0-6; r = .76; Montgomery & Asberg, 1979;
Neumann & Schulte, 1989) to assess the severity of depressive
symptoms.

1.3. Resting state paradigm

The data were collected as part of a larger research study investi-
gating several biomarkers and potential endophenotypes in OCD during
different tasks and conditions, such as neural markers of brain activity
(e.g., frontal alpha asymmetry, error-related negativity, working mem-
ory), eye movement markers (e.g., smooth pursuit eye movements) or
genetic markers (e.g., oxytocin receptor gene). Results from other ana-
lyses within the study are presented and discussed elsewhere (Bey et al.,
2022; Bey et al., 2018; Bey, Kloft, et al., 2017; Bey, Lennertz, et al., 2017;
Bey et al., 2019; Bey et al., 2020; Griitzmann et al., 2021; Heinzel, Bey,
et al., 2021; Heinzel et al., 2018; Heinzel, Kaufmann, et al., 2021;
Kathmann et al., 2016; Riesel et al., 2019). Participants completed
several consecutive tasks: First a flanker task followed by the here re-
ported five-minute resting state paradigm, then a passive viewing
paradigm using emotional pictures was administered followed by
another five-minute resting state. During all tasks, electroencephalo-
gram (EEG) and ECG were recorded. This study only considers ECG data
assessed during the first five-minute resting state paradigm, due to
possible confounding factors of the passive viewing paradigm in the
second resting state period. In the five minutes of the resting state
paradigm, participants were instructed to sit still, to keep their gaze on
the white fixation cross, to stay awake and to not think of anything in
particular. The white fixation cross was presented against a black

Table 2
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background on a 19-inch computer monitor and in a .4° viewing angle.
The task was presented with Presentation software (Neurobehavioral
Systems Inc, Albany, CA).

1.4. ECG recording and preprocessing

ECG was recorded continuously, together with the EEG, using three
Ag/AgCl electrodes, one above the collarbone, one on the left mastoid,
and one placed on the cheek as ground electrode. Data were recorded at
a sampling rate of 1000 Hz using BrainVision amplifiers (Brain Products,
Miinchen, Germany). An online band-pass filter of 0.05 — 250 Hz was
applied to reduce respiratory influences.

Raw data were extracted, band-passed filtered (10 — 40 Hz), and
imported into QRS Tool (Allen et al., 2007). In QRS Tool, inter-beat
intervals (IBIs) were calculated, manually screened, and
hand-corrected for artifacts and ectopic beats. Data with unreliable R
peaks identification (e.g., due to excessive noise, movement artifacts,
arrhythmias) were excluded from analysis. Data with few ectopic beats
were manually interpolated but excluded in case of excessive anomalies.
A total of 47 out of 306 (15.36%) participants (18 patients with OCD, 25
healthy participants, four unaffected relatives) were excluded from all
analyses after this screening process. Following R peak detection, IBIs
were then exported to Cardiac Metric X (CMetX; Allen et al., 2007) to
compute the mean HR and time domain HRV variables, such as the
RMSSD, SDNN (standard deviation of all RR intervals), pNN50 (per-
centage of successive normal sinus RR intervals more than 50 ms) and
logRSA (logarithm of the respiratory sinus arrhythmia). Both time and
frequency domain analyses are most frequently used across studies
investigating parasympathetic activation (Malik, 1996). As CMetX
computes time domain analyses and as this is the most precise and
commonly used assessment (Huikuri et al., 2009), we will thus focus on
time domain variables measuring the differences between subsequent
R-R intervals in this study. All HRV analyses are based on the RMSSD as
one of the most reported time domain measure with superior statistical
properties and considered to partially reflect variations in cardiac vagal
activity (Ciccone et al., 2017; Kleiger, Stein, & Bigger, 2005; Laborde
et al., 2017; Malik, 1996). For the above-mentioned variables SDNN,
PNN50, and logRSA, we will report descriptive statistics and main an-
alyses to provide a more comprehensive picture of the autonomic profile
of participant groups (see Table 2). Both the RMSSD as well as the
logRSA highly correlate with HE-HRV (Allen et al., 2007; Kleiger et al.,
2005). The logRSA represents the natural log of the time series filtered in

Cardiac Measures During Rest in the Groups of Patients With Obsessive-Compulsive Disorder (OCD), Healthy Control Participants (HC), and Unaffected First-Degree

Relatives of Patients With OCD (REL)

Measure OCD (n = 96) HC (n = 112) REL (n = 47) Test statistic n? p
Mean HR 73.11 (10.20)" 69.56 (8.22)* 70.78 (8.65) F(2, 252) = 3.98 .031 .020
Adjusted for age 72.67 (0.93)" 69.33 (0.86)> 72.21 (1.43) F(2, 251) = 3.97 .031 .020
RMSSD (log) 3.40 (0.50)* 3.58 (0.45)2 3.35 (0.60) F(2,114.98) = 5.122 .039 .007
Adjusted for age 3.34 (0.05)" 3.55 (0.04)? 3.55 (0.07) F(2, 251) = 6.07 .046 .003
SDNN (log) 3.86 (0.43) 3.96 (0.35) 3.84 (0.53) F(2,111.13) = 2.24° .017 112
Adjusted for age 3.81 (0.40) 3.94 (0.37) 3.99 (0.06) F(2, 251) = 3.77 .029 .024
PNN50 (log) 2.00 (1.42) 2.37 (1.29) 1.85 (1.62) F(2, 239) = 2.90 .024 .057
Adjusted for age 1.87 (0.14)" 2.32 (0.13)? 2.29 (0.22) F(2, 238) = 3.19 .026 .043
RSA (log) 5.83 (1.03) 6.13 (0.93) 5.71 (1.34) F(2,113) = 3.28% .026 .041
Adjusted for age 5.69 (0.10) 6.05 (0.09)2 6.20 (0.15)2 F(2, 251) = 5.51 .042 .005

Note. For each cardiac measure, means with standard deviation in parentheses as well as adjusted means for age with standard error in parentheses are reported.
RMSSD, SDNN, pNN50, and RSA are time-domain measures of heart rate variability (Allen et al., 2007). All variables, except Mean HR, were log-transformed before
analyses due to non-normal distribution. Mean HR is in beats per minutes. Boldface p values represent statistical significance of the main effect group (p < .05). Within
a row, different numerical superscripts indicate significant differences in post hoc group comparisons (p < .05) after Bonferroni correction. Absence of numerical
superscript indicates no significant group difference. HR = heart rate; RMSSD = root mean square of successive RR interval differences; SDNN = standard deviation of
all RR intervals; pNN50 = percentage of successive normal sinus RR intervals more than 50 ms; RSA = respiratory sinus arrhythmia.

@ Welch’s univariate analysis of variance was performed due to unequal group variances.
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Table 3
Logistic Regression Models to Predict Group Status From Cardiac Measures and Age

Variable R? x P Adj. OR 95% CI P

Patients with OCD vs. healthy participants

DV: Group .06 8.85 .031
Mean HR 1.042 [1.010, 1.075] .010
Age 0.987 [0.958, 1.017] .395
Mean HR x Age 0.999 [0.996, 1.002] 407

DV: Group .09 14.18 .003
RMSSD 0.341 [0.178, 0.653] .001
Age 0.974 [0.944, 1.005] .100
RMSSD x Age 1.053 [0.989, 1.122] .108

Healthy participants vs. unaffected first-degree relatives

DV: Group .26 31.92 <.001
Mean HR 1.039 [0.991, 1.089] 115
Age 1.080 [1.048, 1.112] <.001
Mean HR x Age 0.999 [0.996, 1.003] .752

DV: Group .32 40.40 <.001
RMSSD 2.106 [0.767, 5.783]1 .148
Age 1.082 [1.042, 1.123] <.001
RMSSD x Age 0.906 [0.851, 0.965] .002

Note. Logistic regressions were performed to predict the dichotomous dependent variable group, comprising either patients with OCD and healthy participants (0 =
healthy participants, 1 = patients with OCD) or healthy participants and unaffected first-degree relatives of patients with OCD (0 = healthy participants, 1 = unaf-
fected first-degree relatives). The Nagelkerke R? and y? statistics are reported for the logistic regression models. RMSSD was log-transformed for analyses. Mean HR is
in beats per minute. All predictors were grand mean-centered. Boldface p values indicate significant group differences (p < .05). Adj. OR = adjusted odds ratio; OCD
= obsessive-compulsive disorder; DV = dependent variable; HR = heart rate; RMSSD = root mean square of successive RR interval differences.

the .12 - .40 Hz band, the same band HF-HRYV is defined by. Hence,
HF-HRV is commonly referred to as respiration band (Eckberg & Eck-
berg, 1982), and therefore sometimes used interchangeably with logRSA
(Lane et al., 2013).

1.5. Statistical analysis

Statistical analyses and figures were performed using SPSS (Version
28.0, SPSS Inc., Chicago, IL, USA) and R (Version 4.0.4; R Core Team,
2021). All statistical tests were two-tailed and a significance level of .05
was applied. For significant results, effect sizes (Cohen’s d, eta squared
n2, or partial eta squared ng) are reported. For univariate analysis of
variance (ANOVA), post hoc comparisons were conducted and corrected
for multiple comparisons using the Bonferroni correction. In case of
unequal group variances as indexed by significant Levene’s tests, p
values were adjusted with Games-Howell correction.

Group differences in demographics and clinical data were examined
using ANOVAs and followed up by independent samples Student’s or
Welch’s t-tests or y-tests.

All HRV variables were non-normally distributed in participant
groups (Shapiro-Wilk and Kolmogorv-Smirnov tests, all ps < .002).
Thus, the following analyses are performed with log-transformed car-
diac indices, except for Mean HR, as determined by the Box-Cox method
(Box & Cox, 1964). The variable Mean HR was normally distributed.

To investigate group differences in HR and HRV between patients
with OCD, healthy participants, and unaffected first-degree relatives,
univariate ANOVAs were performed. As age ranged widely in the group
of unaffected relatives and as it significantly influences HR and HRV, we
accounted for the effect of age in the group comparison on HR and HRV
by computing a univariate analysis of covariance (ANCOVA) with age as
continuous covariate. To promote comparison across studies and to
provide a broad autonomic profile of participant groups, ANOVAs with
group as between-subjects factor as well as ANCOVAs with age as co-
variate and group as between-subjects factor on the log-transformed
variables SDNN, pNN50, and LogRSA are also displayed in Table 2.

Additionally, to test our hypothesis whether age interacts with HRV
(RMSSD) and HR in the classification of group status (patient with OCD,
unaffected relative with high-risk for OCD, or healthy participant with
low risk for OCD), classification analyses with age as a moderator were

performed. Specifically, we used binary logistic regressions to predict
group status (patients with OCD vs. healthy participants, healthy par-
ticipants vs. unaffected relatives) with HR or HRV, respectively, and age
as independent predictors, as well as the interaction between the pre-
dictors (see Table 3). All variables were grand mean-centered for the
regression analyses. Significant interactions were followed-up with
Johnson-Neyman analyses using the PROCESS Macro for SPSS (Version
4.1; Hayes, 2017) to resolve the moderation. We exploratively analyzed
the effect of medication status on group differences in HR and HRV
(RMSSD), respectively, with subgroup analyses (medicated vs. unmed-
icated patients with OCD, medicated patients with OCD vs. healthy in-
dividuals, unmedicated patients with OCD vs. healthy individuals) using
univariate ANOVAs as well as univariate ANCOVAs with age as covar-
iate (see Table 4).

The following exploratory analyses are presented in detail in the
Supplemental Material. We performed univariate ANCOVAs on HR or
HRV (RMSSD) with gender, body mass index, or smoking as a covariate
and group as between-subject factor to test whether observed group
effects remain significant after accounting for potential influence of
these variables (see Supplemental Material, page 3). In an explorative
manner, we ran Pearson correlations within participant groups to
further explore relationships between obsessive-compulsive, anxiety, or
depressive symptom dimensions and cardiac activity (see Table S1).

2. Results
2.1. Demographic and clinical data

Demographic and clinical data of patients with OCD, healthy par-
ticipants, and unaffected first-degree relatives of patients with OCD
along with statistics of group comparisons are depicted in Table 1.
Groups did not differ regarding gender, body mass index, verbal intel-
ligence (WST), or status of smoking (all ps > .113). Groups differed
significantly in age, with unaffected relatives on average being older
than patients with OCD, t(60.67) =5.83, p <.001, d = —1.25, and
healthy participants, t(64.23) = —5.11, p < .001, d = —1.04. Patients
with OCD and healthy participants did not differ in age (p = .991).

As expected, patients with OCD scored significantly higher on
obsessive-compulsive ~ symptoms  (OCI-R), #(109.01) = —17.68,
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Table 4
Exploratory Analyses on Medication Effects on HR and HRV With Age as
Covariate

Model Variables Test statistic n? P

DV Factors

Unmedicated patients with OCD vs. healthy participants

1 Mean HR Group F(1, 87.22) = 6.58* .046 .012

2 Mean HR Group F(1,167) =7.54 .043 .007
Age F(1, 167) = 4.68 .027 .032

3 RMSSD (log) Group F(1, 168) = 2.01 .012 .158

4 RMSSD (log) Group F(1, 167) = 3.08 .018 .081
Age F(1, 167) = 18.29 .099 <.001

Medicated patients with OCD vs. healthy participants

1 Mean HR Group F(1, 148) = 2.23 .015 138

2 Mean HR Group F(1,147) =1.82 .012 179
Age F(1,147) = 2.85 .019 .093

3 RMSSD (log) Group F(1, 148) = 11.86 .074 <.001

4 RMSSD (log) Group F(Q1, 147) = 15.76 .097 <.001
Age F(Q1, 147) = 17.10 .104 <.001

Medicated patients with OCD vs. unmedicated patients with OCD

1 Mean HR Group F(1, 93.95) = 1.22? .011 272
2 Mean HR Group F(1,93) =1.23 .013 271
Age F(1,93) =4.15 .043 .045
3 RMSSD (log) Group F(1,94) =3.24 .033 .075
4 RMSSD (log) Group F(1, 93) = 3.62 .037 .060
Age F(1, 93) = 3.86 .040 .052

Note. Analyses of variance on HR and HRV (RMSSD) with group as between-
subjects factor were computed. Analyses of covariance on HR and HRV
(RMSSD) included group as between-subjects factor and age as covariate.
RMSSD was log-transformed due to non-normal distribution. Boldface p values
represent statistical significance of the main effect group or of age (p < .05). HR
= heart rate in beats per minute; HRV = heart rate variability; RMSSD = root
mean square of successive RR interval differences; DV = dependent variable;
OCD = obsessive-compulsive disorder.

% Welch’s univariate analysis of variance was performed due to unequal group
variances.

p <.001, d = —2.64, depressive symptoms (BDI-II), t(110.47) = —
14.32, p <.001, d = —2.13, and anxiety symptoms (STAI trait), t
(153.57) = —16.67, p < .001, d = —2.46, than healthy participants.
They also scored significantly higher on symptom measures than unaf-
fected relatives, OCI-R: t(139.89) = 14.06, p < .001, d = 2.02; BDI-IL: t
(135.91) =12.23, p<.001, d =1.70; STAI trait: t(134) =12.07,
p < .001, d = 2.18. Healthy participants and unaffected relatives did not
differ regarding depressive, obsessive-compulsive, or anxious symptom
severity (all ps > .152).

Medicated and unmedicated patients did not differ in age (p = .704),
gender (p =.619), or severity of obsessive-compulsive (Y-BOCS:
p = .085), depressive (BDI-II: p =.242), or anxious symptoms (STAI
trait: p = .287), respectively.

2.2. Relation between cardiac measures and age within groups

Pearson correlations between the main variables of interest in each
group are presented in Fig. 1 and in the Supplemental Material (see
Table S1). HR was marginally negatively correlated with age in patients
with OCD, r(94) = —.20, 95% CI [—.39, —.00], p = .049. No correlation
between HR and age was observed in healthy participants, r
(110) = —.13, 95% CI [-.31,.05], p = .163, or in unaffected relatives, r
(45) = —.17, 95% CI [—.44,.12], p = .256. Opposed to this, age was
negatively correlated with HRV (RMSSD) within healthy participants, r
(110) = —.37,95% CI [-.52, — .20], p < .001, and unaffected relatives,
r(45) = —.68, 95% CI [-.81, —.48], p < .001, but only on trend level
within patients with OCD, r(94) = —.19, 95% CI [—.38,.01], p = .065.
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2.3. Group differences in HR

Data and descriptive statistics on HR per group are displayed in Fig. 2
and Table 2. Results of the ANOVA on resting HR revealed a main effect
of group. Post hoc comparisons revealed that patients with OCD
exhibited a higher HR at rest than healthy participants, t(182.03) = —
2.73, p =.016, d = —0.39, whereas there were no group differences
between unaffected first-degree relatives and patients with OCD or be-
tween unaffected relatives and healthy participants (all ps > .455).

2.3.1. Accounting for sociodemographic effects

When adding age as a covariate, results indicated a significant in-
fluence on HR, F(1, 251) = 6.54, p =.011, ng =.025. Yet, after ac-
counting for age, the main effect of group remained significant (see
Table 2), that is patients with OCD showed a higher resting HR than
healthy participants, p =.025, Mpis = 3.34, 95% CI [0.32, 6.36].
Neither gender nor body mass index nor smoking were significant
covariates (all ps > .268; see Supplemental Material, page 3). Thus,
accounting for them did not change the above reported group differ-
ences in HR.

2.3.2. Group classification with age as a moderator

Results of all binary logistic regression models of HR as a classifier of
group status are presented in Table 3. The regression model with HR,
age, and the interaction of both predicting group status of patients with
OCD versus healthy participants was significant (p =.031, overall
classification accuracy of 60.6%). Yet, the interaction of interest be-
tween age and HR was not. The analogous logistic regression with HR,
age, and their interaction as predictors for status of healthy participants
or of unaffected first-degree relatives showed a significant regression
model (p <.001, overall classification accuracy of 77.4%), but the
interaction between HR and age did not contribute to the prediction of
group status.

2.3.3. Exploratory subgroup analyses on medication effects

As depicted in Table 4, unmedicated patients showed a higher HR
than healthy individuals. No differences in HR were observed between
medicated and unmedicated patients or medicated patients and healthy
participants. These findings in group differences did not change after
accounting for age.

2.4. Group differences in HRV

Data and descriptive statistics on HRV variables per group are dis-
played in Table 2, the distribution of the main HRV variable RMSSD is
illustrated in Fig. 2. Analysis of RMSSD by means of a univariate ANOVA
yielded a significant main effect of group, reflecting that groups differed
in their resting HRV (RMSSD). Post hoc comparisons revealed a group
difference between patients with OCD and healthy participants in
RMSSD, t(206) = 2.76, p =.029, d = 0.38, with patients exhibiting a
lower HRV (RMSSD) than healthy participants. Furthermore, healthy
participants showed a higher HRV (RMSSD) than unaffected relatives
but only on trend level, t(68.39) = 2.37, p = .053. There was no group
difference between unaffected relatives and patients with OCD
(p > .99). Importantly, further indices of HRV support the group effects
in HRV (see Table 2).

2.4.1. Accounting for sociodemographic effects

In the ANCOVA on RMSSD, a main effect of the covariate age was
observed, F(1, 251) = 49.41, p < .001, ng = .164. Yet, the main effect of
group remained significant, as displayed in Table 2. Post hoc tests
revealed that patients with OCD showed a significantly reduced HRV
(RMSSD) compared to healthy participants, p = .003, Mp;g = —0.21,
95% CI [— 0.36, — 0.06], and compared to unaffected relatives but only
on trend level, p = .056, Mpjg = —0.21, 95% CI [— 0.43, 0.00]. There
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Fig. 1. Relation Between Cardiac Activity and Age Within the Groups of Patients With Obsessive-Compulsive Disorder (OCD), Healthy Control Participants (HC), and

Unaffected First-Degree Relatives (REL)

Note. (A) Scatterplot and linear regression line of heart rate and age in each participant group. (B) Scatterplot and linear regression line of heart rate variability
(RMSSD) and age in each participant group. Note that RMSSD was log-transformed for correlational analyses but was back-transformed to ms to facilitate data
visualization. (A — B) The 95% confidence intervals are represented in shaded bands. RMSSD = root mean square of successive RR interval differences.

was no difference in HRV (RMSSD) between healthy participants and
unaffected relatives (p > .99). Further HRV indices, namely SDNN,
PNN50 and RSA, corroborate these age-adjusted findings, that is pa-
tients with OCD exhibited smaller HRV compared to the other two
healthy participant groups (see Table 2).

Importantly, no main effects of gender or smoking on RMSSD were
observed when included as covariates (all ps > .085; see Supplemental
Material, page 3). Even though body mass index had a significant effect
on group differences in HRV (RMSSD), accounting for it did not change
the observed pattern in groups. Hence, group differences in HRV
remained the same as reported above after accounting for gender,
smoking, and body mass index (see Supplemental Material, page 3).

2.4.2. Group classification with age as a moderator

Results of all binary logistic regression models of HRV as classifier of
group status are presented in Table 3. The logistic regression model
investigating HRV, age, and the interaction term between age and HRV

as predictors for group status in patients with OCD and healthy partic-
ipants was significant (p =.003, overall classification accuracy of
64.4%), but yielded no significant interaction between HRV and age
(p = .108; see Table 3 for all model coefficients). In the analogous lo-
gistic regression predicting group status in healthy participants and
unaffected first-degree relatives, a significant model emerged (p < .001,
overall classification accuracy of 78.6%), with a significant interaction
between age and HRV as indicator of relative versus control status
(p =.002; see Table 3). To further resolve this interaction, Johnson-
Neyman analysis was performed (see Fig. 3). For a logistic regression
model, Johnson-Neyman analysis evaluates the probability of group
status (unaffected relatives of patients vs. healthy participants) in rela-
tion to the predictor (i.e., RMSSD) at each level of the moderator (i.e.,
age) and establishes a region of significance where the simple slope of
the focal predictor (i.e., RMSSD) is significantly different from zero
while adjusted for the value of the continuous moderator (i.e., age;
Bauer & Curran, 2005; Johnson & Neyman, 1936). Johnson-Neyman
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Fig. 2. Observed Heart Rate and Heart Rate Variability (RMSSD) in the Groups of Patients with Obsessive-Compulsive Disorder (OCD), Healthy Control Participants

(HC), and Unaffected First-Degree Relatives (REL)

Note. (A) Heart rate in beats per minute per group. (B) Heart rate variability (RMSSD) in ms per group. (A-B) The plots show individual data points, boxplots, and
probability density plots based on observed data that were aggregated by participant. The plots were generated in R Studio using the raincloudplots package (Version
0.2.0; Allen et al., 2021). RMSSD = root mean square of successive RR interval differences.

intervals revealed that a higher HRV was indicative of relative status
only until the age of 32.6 years (i.e., the lower 53.46% of all healthy
participants and unaffected relatives) and a lower HRV was indicative of
relative status from the age of 58.6 years onwards (i.e., the upper 6.92%
of all healthy participants and unaffected relatives).

2.4.3. Exploratory subgroup analyses on medication effects

See Table 4 for detailed statistics of medication effects on HRV
(RMSSD). We computed exploratory subgroup analyses but did not
observe HRV differences between unmedicated and medicated patients
or between unmedicated patients and healthy participants. Accounting
for age did not change these results. Importantly, HRV was lower in
medicated patients compared to healthy individuals, before and after
accounting for age.

3. Discussion

The current findings extend the existing psychophysiological profile
of OCD by adding altered cardiac autonomic functioning. Results
showed significant overall group differences in HR and HRV. Specif-
ically, patients with OCD showed higher HR compared to the healthy
participant group. Although HR was moderately negatively correlated
with age within the OCD group, the between-groups difference was not
significantly moderated by age. No significant differences in HR
emerged for the relatives in comparison to any other group. Exploratory
subgroup analyses showed that increases in HR were limited to un-
medicated patients with OCD compared to patients on psychotropic
medication and to healthy participants. With respect to HRV (RMSSD), a
negative association with age was observed in both nonclinical groups,
but not in patients with OCD. HRV reduction differentiated patients with
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Fig. 3. Moderation Effect of Age on the Relation Between Heart Rate Vari-
ability (RMSSD) and Group Status of Healthy Participants or Unaffected First-
Degree Relatives

Note. Johnson-Neyman plot showing the probability of group status (0 =
healthy participant, 1 = unaffected first-degree relative) as predicted by heart
rate variability (RMSSD) and moderated by age. A higher RMSSD was indica-
tive of relative status until the age of 32.6 years (the lower 53.46% across
groups) and a lower RMSSD was indicative of relative status from the age of
58.6 years onwards (upper 6.92% across groups). RMSSD was log-transformed.
This plot was generated in R with the interactions package (Version 1.1.5; Long,
2019). RMSSD = root mean square of successive RR interval differences.

OCD from healthy participants, independently of age. In contrast, the
significant differentiation of unaffected relatives from healthy control
participants by HRV was moderated by age, in that higher HRV was only
indicative of relative status in young adulthood and lower HRV in older
age. Subgroup analyses on HRV (RMSSD) yielded that decreases in HRV
were limited to the group of patients currently on medication while HRV
in unmedicated patients did not differ from healthy participants.

The findings of HR and HRYV alterations in OCD are well in line with
previous studies, which reported higher HR and reduced HRV in the
context of clinical anxiety (for meta-analysis, see Chalmers et al., 2014;
Hsin-An et al., 2020; Kemp et al., 2014; Melzig et al., 2009) and
depressive disorders (Agelink et al., 2002; Kemp et al., 2010; Koenig
et al., 2016). Theoretically, our findings are in accordance with the
neurovisceral theory by Thayer & Lane (2000), which posits that the
described pattern of greater HR and reduced HRV indicates a diminished
parasympathetic influence under conditions of rest. Previous in-
vestigations in OCD have been scarce. While two studies did not detect
differences in cardiac measures of unmedicated patients with OCD
compared to control groups (McCarthy et al., 1995; Slaap et al., 2004),
one study did point towards analogous findings as those reported here
(Pittig et al., 2013), albeit in smaller samples and unclear medication
effects. The latest study by Olbrich et al. (2022) examined a larger un-
medicated sample of 51 patients with OCD and reported greater HR in
OCD compared to healthy participants but no group differences in HRV.
The current findings are consistent with the latter study and match those
by Pittig et al. (2013). They further appear to be in line with previous
neuroscientific findings of altered resting state connectivity (Beucke
et al, 2013) and hyperactivity in the sympathetic branch during
symptom provocation (Simon et al., 2013) in OCD. Thereby, our study
results corroborate in a relatively large sample that autonomic imbal-
ance, possibly reflected in reduced cardiac vagal control, seems to be
part of the pathophysiology of OCD.

Importantly, psychotropic medication might have an impact on
cardiac patterns. In subgroup analyses including medicated and un-
medicated patients with OCD and healthy participants, the increases in
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HR were limited to unmedicated patients with OCD. Moreover, in sub-
group analyses on HRV (RMSSD) decreases in HRV were found exclu-
sively in the group of patients currently on medication, while patients
not receiving medication did not differ from healthy participants.
Consequently, the role of medication needs to be taken into account
when investigating cardiac activity alterations in OCD. The use of SSRIs
and their effect on cardiac activity in psychiatric disorders has been
discussed and investigated in the literature with differing results.
Whereas some studies report diminishing effects of SSRIs on HRV in
psychiatric disorders (Kemp, 2011; Kemp et al., 2014; Kemp, Quintana,
& Malhi, 2011), others find no effects (Chalmers et al., 2014; Kemp
etal., 2010; Noordam et al., 2016). In this study, 33 out of 38 medicated
patients took SSRIs. Previous studies on HR and HRV in OCD were most
often conducted with drug-free patients (McCarthy et al., 1995; Olbrich
et al., 2022; Slaap et al., 2004). None of those studies reported lower
HRYV in patients with OCD and only one found greater HR (Olbrich et al.,
2022). Pittig et al. (2013) reported that a lower HF-HRYV in patients with
OCD might be associated with psychotropic medication intake, yet, due
to the small sample size the effect of medication on HRV in OCD could
not be fully clarified. Interestingly, they did not find any effects of
psychotropic medication on HF-HRV across groups of anxiety disorders
and all anxiety disorder groups exhibited lower HF-HRV, (Pittig et al.,
2013). Overall, our findings align with those by Pittig et al. (2013), such
that medicated patients with OCD showed a significantly smaller resting
HRV compared to healthy participants, as well as with results by Olbrich
et al. (2022) of unmedicated patients having a higher resting HR
compared to healthy participants. Based on a meta-analysis on resting
HR in patients with OCD and on their study results, Olbrich et al. (2022)
discussed higher HR as a trait marker in OCD. HR is influenced by both
the sympathetic and the parasympathetic branch of the autonomous
nervous system. Thus, it remains an open question whether enhanced
HR in unmedicated patient with OCD predominantly stems from over-
active sympathetic or diminished parasympathetic influence. Based on
the observed study results, psychotropic medication might have bene-
ficial modulatory effects on HR but detrimental effects on HRV.

It is worth noting that we did not systematically vary or control for
medication status in this study. It is therefore not clear in which way
medication is associated with diminished HRV and HR and no causal
relation may be assumed yet. Similarly, there is still discussion on
whether reductions in HRV can be exclusively ascribed to SSRIs (Kemp,
2011; Kemp et al., 2014; Kemp, Quintana, & Malhi, 2011) or whether
other additional factors or confounds may play a part in the relation
between medication, cardiac activity, and OCD (i.e., it is conceivable
that subtle clinical differences within OCD might both be associated
with alterations in HRV and with seeking or accepting medication as
additional treatment). Clearly, highly controlled studies investigating
medication effects on HR and HRV in OCD and other psychiatric dis-
orders are still needed.

As mentioned above, even though HRV partially reflects vagally
mediated influence on the cardiac system, the HR is both vagally and
sympathetically innervated. At rest, parasympathetic inhibition is
greater than sympathetic activation in a balanced, healthy autonomic
nervous system, resulting in low HR. Our results demonstrate an auto-
nomic imbalance in OCD and seem to reflect lower parasympathetic
inhibition, yet, an increased sympathetic activation might also
contribute to higher HR and the imbalance at rest. Patients in this study
might have also responded to the experimental nature and setting of the
psychophysiological assessment with elevated stress and/or anxiety
levels leading to an increase of HR and small HRV. So far, we discussed
HR and HRV at rest as trait markers, yet both might also encompass state
aspects. To disentangle both aspects, future studies using long-term ECG
or ECG applied in non-clinical settings, such as in ecological momentary
assessment studies, are needed. Conceptually, effects of state or trait
anxiety on HR and HRV cannot be distinguished in this study.

In addition, results of the current study elucidated age influences on
changes in cardiac control in OCD. First and foremost, differences in
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cardiac activity, namely HR and HRV, between patients with OCD and
healthy participants remained significant after accounting for age ef-
fects. In line with previous studies (Agelink et al., 2001; Boettger et al.,
2010; Fukusaki et al., 2000; Sloan et al., 2008; Voss et al., 2012), HR in
healthy participants was relatively independent of age. We observed a
negative correlation between age and HR at rest in patients with OCD
but neither in unaffected first-degree relatives nor in healthy in-
dividuals. To resolve whether this negative relation stems from rela-
tively high HR levels in OCD at younger age, which is also the typical
time period of onset of OCD, compared to healthy individuals, pro-
spective studies are needed to follow up on cardiac activity in patients
with OCD over aging. For HRV, we observed a typical age-related
reduction in both healthy groups, but no such age-related decline in
patients with OCD. The absence could be due to floor effects, but this
tentative explanation needs further systematic studies, as several other
confounding factors might have an influence on the relation between
age and cardiac activity.

Findings with regards to the unaffected first-degree relatives’ group
in the current investigation fail to draw a clear-cut picture. Overall,
neither HR nor HRV emerged as significant risk markers in the current
investigation and further studies in larger and more age-analogous
samples might be necessary to come to definite conclusions in the
matter. While a higher HRV in unaffected relatives could be viewed as
indicative of a protective resilience mechanism (for similar findings
from the same cohort, see Griitzmann et al., 2021; Griitzmann et al.,
2017), this effect was only observed on trend level in the current
investigation. Possibly, heightened control of autonomic processes
would be especially distinctive during a period of age that encompasses
the typical onset of OCD, as the age-moderated differentiation of relative
status by HRV might suggest. Longitudinal studies are needed to solidify
such a notion, but the current family study reporting an age-moderated
differentiation of relative status by HRV yields an interesting starting
point for further examination.

Besides the aforementioned considerations, the current investigation
has several limitations worth noting. Primary, the cross-sectional design
of the study prohibits conclusions regarding the direction or causality of
observed associations. Longitudinal studies will be needed to determine
whether the alterations observed in patients with OCD are precursors or
symptoms of the disorder and whether they play a mechanistic role in
the development and persistence of symptoms. Moreover, although the
groups of patients and healthy participants in the current study were
relatively large and spanned a rather wide age range, samples were not
systematically stratified for age, thus limiting the generalizability of our
current findings regarding age effects. This is especially pertinent for the
much smaller sample of unaffected relatives, which could not be fully
matched to the other two groups regarding age distribution. Future
studies will need to include participants systematically and uniformly
across the age distribution in order to get a better picture of the in-
teractions of age and psychopathology on cardiac measures.

The current study did not include a clinical control group of patients
with internalizing disorders other than OCD. Thus, although the pattern
of our results, i.e., increase in HR and reduction in HRV, closely aligns
with previous findings from internalizing disorders, we cannot investi-
gate the degree of overlap regarding a transdiagnostic pattern.
Furthermore, 74 out of 96 patients with OCD showed comorbidities,
most prominently with affective disorders and anxiety, in line with the
fairly unrestrained nature of our sample. It is conceivable, that co-
occurring symptoms may influence or even amplify altered HR and
HRYV in OCD, given the above-mentioned findings of lower cardiac vagal
tone in affective and anxiety disorder. Yet, there were no correlations
between cardiac measures and depressive symptoms, as measured with
the BDI-II, or anxiety, as measured with the STAI trait scale, within
patients with OCD. Thus, neither affective nor anxious symptoms ac-
count for HR and HRYV effects in OCD in our study. We did not include
depressive or anxious symptoms in any group comparison, since healthy
participants and relatives reporting psychiatric disorders were excluded
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and severity of symptoms would therefore be confounded with group
status leading to spurious effects (Makin & Orban de Xivry, 2019).
Nonetheless, we would like to acknowledge that comorbidity within the
clinical sample in conjunction with the categorical groups study design
represents a major limitation of the current study, since it makes it
impossible to fully disentangle effects of OCD from influences of anxious
and depressive symptoms on cardiac measures. Further dimensional
studies will be needed that systematically incorporate variation across
multiple symptom dimensions and severity levels (i.e., clinical, sub-
clinical, and healthy) to investigate effects on biological characteristics
(see Riesel, Harpfer, Thoma, Kathmann, & Klawohn, 2023, for such an
approach) and to elucidate whether more fine-grained differences in HR
and HRV alterations between these disorders do exist.

Furthermore, we did not assess physical activity. This is problematic
in a sense that with increasing levels of physical activity, the absolute
levels of HR decrease and of HRV elevate (Aubert et al., 2003; Rennie
et al., 2003). Not accounting for this factor limits the interpretability of
the study findings. Psychiatric disorders often go along with changes in
lifestyle, which increases the risk for cardiovascular diseases (Alvares
et al., 2016) and could impact cardiac regulation as of higher HR and
lower HRV. Patients with OCD could have been more inactive, with the
observed higher levels of depression potentially reinforcing the inac-
tivity, which could serve as another explanation of a smaller HRV and
higher HR. On another note, we accounted for other sociodemographic
factors, such as gender, body mass index, or smoking status, with
ANCOVAs and found no effects of those variables. Future studies on OCD
should systematically control for these factors to achieve more precise
results regarding possible confounds of cardiac measures.

This study did not account for respiration rate or movement, how-
ever, results on group differences in the variable RMSSD were supported
by additional analyses on other HRV indices (i.e., SDNN, pNN50,
logRSA), speaking for the robustness of the findings. Since some indices,
such as the logRSA or the HF-HRYV, are highly correlated with breathing
rate and depth (Allen et al., 2007), statistically controlling for respira-
tion, e.g., with ANCOVAs, potentially removes variance in the depen-
dent HRV or HR variable and might result in misleading or spurious
effects. Laborde et al. (2017) as well as Allen et al. (2007) recommend to
not routinely correct for spontaneous breathing or experimentally
manipulate breathing rate but to increase likelihood for steady breath-
ing (such as in our resting paradigms with no movements) and to
monitor respiration rates to be sure of no group differences in breathing
rates. In sum, as we did not monitor respiration in this study, respiration
could have potential effects on our findings, although this seems un-
likely due to the consistency in results across different HRV variables.

Further, results on the frequency domain are not investigated here.
Both the RMSSD as well as the variable 1ogRSA utilized in this study
highly correlate with HF-HRV (Allen et al., 2007; Kleiger, Stein, &
Bigger, 2005). In some studies, logRSA is interchangeably used with
HF-HRV (Lane et al., 2013). Frequency analyses allow for amplitude and
frequency information about oscillatory activity in the HR waveform.
Therefore, frequency analyses quantify autonomic dynamics, with
different neurophysiological processes corresponding to the frequency
bands, which time domain analyses do not measure. Time domain
measures, on the other hand, quantify the variance in the IBI over time
statistically, which in turn makes them comparable across data collec-
tions. Overall, future studies should expand on the current findings by
explicitly investigating frequency domain variables in patients with
OCD.

The nature of this study including a fairly unrestrained sample of
patients (high rate of comorbidities, intake of medication, seeking psy-
chotherapy) brings in confounding factors, as discussed above, yet the
heterogenous sample in such an observational approach increases the
external validity and application to clinical practice. It also increases
chances of discovering clinical biomarkers which can then be further
validated and tested for their mechanisms in more controlled experi-
mental studies.
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Taken together, the current findings show a pattern of alterations in
cardiac measures in patients with OCD, which aligns with changes
previously reported in other internalizing disorders. Medication was
associated with modulations in these cardiac alterations, such that
group differences in HR were limited to the unmedicated patients’
subgroup, whereas patients on psychotropic medication exhibited
normative HR but reduced HRV compared to healthy participants. Thus,
results of this study suggest that after accounting for various variables,
alterations in HR might potentially function as biological indicators that
may help to classify and further psychophysiologically characterize
patients with OCD compared to healthy individuals. Such classificatory
utility could potentially be further increased when combined with
additional measures (see Klawohn et al., 2021, for a similar approach).
Results on HRV differences appear less robust with medication possibly
altering HRV in patients, and further clarification is needed.
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